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CHANNEL ACCESS METHOD IN WIRELESS
LAN SYSTEM AND DEVICE THEREFOR

TECHNICAL FIELD

[0001] The present disclosure relates to channel access in
a wireless local area network (WLAN) system, and more
particularly, to a channel access method based on extended
inter-frame space (EIFS) and device therefor.

BACKGROUND ART

[0002] Standards for Wireless Local Area Network
(WLAN) technology have been developed as Institute of
Electrical and Electronics Engineers (IEEE) 802.11 stan-
dards. IEEE 802.11a and b use an unlicensed band at 2.4
GHz or 5 GHz. IEEE 802.11b provides a transmission rate
of 11 Mbps and IEEE 802.11a provides a transmission rate
of 54 Mbps. IEEE 802.11g provides a transmission rate of
54 Mbps by applying Orthogonal Frequency Division Mul-
tiplexing (OFDM) at 2.4 GHz. IEEE 802.11n provides a
transmission rate of 300 Mbps for four spatial streams by
applying Multiple Input Multiple Output (MIMO)-OFDM.
IEEE 802.11n supports a channel bandwidth of up to 40
MHz and, in this case, provides a transmission rate of 600
Mbps.

[0003] The above-described WLAN standards have
evolved into IEEE 802.11ac that uses a bandwidth of up to
160 MHz and supports a transmission rate of up to 1 Gbit/s
for 8 spatial streams and IEEE 802.11ax standards are under
discussion.

DISCLOSURE

Technical Problem

[0004] The object of the present disclosure is to provide a
method of performing channel access efficiently and accu-
rately in an environment where basic service set (BSS) color
is disabled and device therefor.

[0005] The objects that could be achieved with the present
disclosure are not limited to what has been particularly
described hereinabove and the above and other objects that
the present disclosure could achieve will be more clearly
understood from the following detailed description.

Technical Solution

[0006] In an aspect of the present disclosure, provided
herein is a method of performing channel access by a station
(STA) in a wireless local area network (WLAN) system. The
method may include receiving, from an access point (AP), a
first frame indicating whether basic service set (BSS) color
is disabled, receiving a second frame including a Signal-A
(SIG-A) field having a Transmission Opportunity (TXOP)
Duration subfield and a BSS Color subfield, and performing
the channel access. If the BSS Color subfield of the second
frame includes a disabled BSS color and the TXOP Duration
subfield of the second frame includes a valid TXOP duration
value even though the first subframe indicates that the BSS
color is disabled, the STA may perform the channel access
by invoking an extended inter-frame space (EIFS) operation.
[0007] In another aspect of the present disclosure, pro-
vided herein is a station (STA). The STA may include a
transceiver and a processor configured to control the trans-
ceiver to receive, from an access point (AP), a first frame
indicating whether basic service set (B SS) color is disabled,
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receive a second frame including a Signal-A (SIG-A) field
having a Transmission Opportunity (TXOP) Duration sub-
field and a BSS Color subfield, and perform channel access.
If the BSS Color subfield of the second frame includes a
disabled BSS color and the TXOP Duration subfield of the
second frame includes a valid TXOP duration value even
though the first subframe indicates that the BSS color is
disabled, the STA may perform the channel access by
invoking an extended inter-frame space (EIFS) operation.
[0008] When the STA is unable to obtain medium access
control (MAC) data from the second frame including the
disabled BSS color and the valid TXOP duration value, the
STA may invoke the EIFS operation.

[0009] The STA may not update a network allocation
vector (NAV) with the valid TXOP duration value by
ignoring the valid TXOP duration value of the second frame
including the disabled BSS color.

[0010] When the BSS color is disabled, the STA may
include an invalid TXOP duration value in a frame trans-
mitted by the STA.

[0011] When the BSS Color subfield of the second frame
corresponds to an inter-BSS frame including another BSS
color, the STA may not invoke the EIFS by reason that the
second frame includes the valid TXOP duration value.
[0012] When the STA receives a third frame including
another valid TXOP duration value during the EIFS opera-
tion, the STA may terminate the EIFS operation and resyn-
chronize with an actual busy/idle state of a medium.
[0013] At the termination of the EIFS operation, the STA
may revert to either or both an intra-BSS network allocation
vector (NAV) and a basic NAV.

[0014] If the third frame is an inter-BSS frame, the STA
may terminate the EIFS operation and revert to the basic
NAV.

[0015] If the third frame is an intra-BSS frame, the STA
may continue the EIFS operation.

ADVANTAGEOUS EFFECTS

[0016] According to embodiments of the present disclo-
sure, if an STA receives an intra-BSS frame including a valid
TXOP duration value when BSS color is disabled, the STA
may not only ignore the corresponding TXOP duration value
to avoid a NAV from being updated with an incorrect frame
but may also perform channel access by invoking the EIFS
operation, thereby protecting a TXOP holder/responder.
[0017] The effects that can be achieved through the pres-
ent disclosure are not limited to what has been particularly
described hereinabove and other advantages of the present
disclosure will be more clearly understood from the follow-
ing detailed description.

DESCRIPTION OF DRAWINGS

[0018] FIG. 1 illustrates an example of a configuration of
a wireless LAN system;

[0019] FIG. 2 illustrates another example of a configura-
tion of a wireless LAN system;

[0020] FIG. 3 illustrates a general link setup procedure;
[0021] FIG. 4 illustrates a backoff procedure;
[0022] FIG. 5 is an explanatory diagram of a hidden node

and an exposed node;

[0023] FIG. 6 is an explanatory diagram of RTS and CTS;
[0024] FIGS. 7to 9 are explanatory diagrams of operation
of an STA that has received TIM;
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[0025] FIG. 10 is an explanatory diagram of an exemplary
frame structure used in an IEEE 802.11 system;

[0026] FIG. 11 illustrates a contention free (CF)-END
frame;

[0027] FIGS. 12 to 15 illustrate HE PPDUs;

[0028] FIG. 16 is an explanatory diagram of uplink multi-

user transmission based on a trigger frame;

[0029] FIG. 17 illustrates a trigger frame format;

[0030] FIG. 18 illustrates a User Information field of a
trigger frame;

[0031] FIG. 19 illustrates NAV setting in the legacy
WLAN system;

[0032] FIG. 20 illustrates a HE Operation element;
[0033] FIG. 21 illustrates a BSS Color Change Announce-
ment element;

[0034] FIG. 22 illustrates an example of a method of

transmitting and receiving a frame when BSS color is
disabled;

[0035] FIG. 23 illustrates another example of a method of
transmitting and receiving a frame when BSS color is
disabled;

[0036] FIG. 24 illustrates a further example of a method of
transmitting and receiving a frame when BSS color is
disabled;

[0037] FIG. 25 is a flowchart illustrating a channel access
method according to an embodiment of the present disclo-
sure; and

[0038] FIG. 26 is a diagram for explaining a device
according to an embodiment of the present invention.

BEST MODE

[0039] Reference will now be made in detail to the exem-
plary embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. The
detailed description, which will be given below with refer-
ence to the accompanying drawings, is intended to explain
exemplary embodiments of the present invention, rather
than to show the only embodiments that can be implemented
according to the present invention.

[0040] The following detailed description includes spe-
cific details in order to provide a thorough understanding of
the present invention. However, it will be apparent to those
skilled in the art that the present invention may be practiced
without such specific details. In some instances, known
structures and devices are omitted or are shown in block
diagram form, focusing on important features of the struc-
tures and devices, so as not to obscure the concept of the
present invention.

[0041] As described before, the following description is
given of a method and apparatus for increasing a spatial
reuse rate in a Wireless Local Area Network (WLAN)
system. To do so, a WLAN system to which the present
invention is applied will first be described in detail.

[0042] FIG. 1 is a diagram illustrating an exemplary
configuration of a WLAN system.

[0043] As illustrated in FIG. 1, the WLAN system
includes at least one Basic Service Set (BSS). The BSS is a
set of STAs that are able to communicate with each other by
successfully performing synchronization.

[0044] An STA is a logical entity including a physical
layer interface between a Media Access Control (MAC)
layer and a wireless medium. The STA may include an AP
and a non-AP STA. Among STAs, a portable terminal
manipulated by a user is the non-AP STA. If a terminal is
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simply called an STA, the STA refers to the non-AP STA.
The non-AP STA may also be referred to as a terminal, a
Wireless Transmit/Receive Unit (WTRU), a User Equip-
ment (UE), a Mobile Station (MS), a mobile terminal, or a
mobile subscriber unit.

[0045] The AP is an entity that provides access to a
Distribution System (DS) to an associated STA through a
wireless medium. The AP may also be referred to as a
centralized controller, a Base Station (BS), a Node-B, a Base
Transceiver System (BTS), or a site controller.

[0046] The BSS may be divided into an infrastructure BSS
and an Independent BSS (IBSS).

[0047] The BSS illustrated in FIG. 1 is the IBSS. The
IBSS refers to a BSS that does not include an AP. Since the
IBSS does not include the AP, the IBSS is not allowed to
access to the DS and thus forms a self-contained network.
[0048] FIG. 2 is a diagram illustrating another exemplary
configuration of a WLAN system.

[0049] BSSs illustrated in FIG. 2 are infrastructure BSSs.
Each infrastructure BSS includes one or more STAs and one
or more APs. In the infrastructure BSS, communication
between non-AP STAs is basically conducted via an AP.
However, if a direct link is established between the non-AP
STAs, direct communication between the non-AP STAs may
be performed.

[0050] As illustrated in FIG. 2, the multiple infrastructure
BSSs may be interconnected via a DS. The BSSs intercon-
nected via the DS are called an Extended Service Set (ESS).
STAs included in the ESS may communicate with each other
and a non-AP STA within the same ESS may move from one
BSS to another BSS while seamlessly performing commu-
nication.

[0051] The DS is a mechanism that connects a plurality of
APs to one another. The DS is not necessarily a network. As
long as it provides a distribution service, the DS is not
limited to any specific form. For example, the DS may be a
wireless network such as a mesh network or may be a
physical structure that connects APs to one another.

[0052] Layer Architecture

[0053] An operation of an STA in a WLAN system may be
described from the perspective of a layer architecture. A
processor may implement the layer architecture in terms of
device configuration. The STA may have a plurality of
layers. For example, the 802.11 standards mainly deal with
a MAC sublayer and a PHY layer on a Data Link Layer
(DLL). The PHY layer may include a Physical Layer Con-
vergence Protocol (PLCP) entity, a Physical Medium
Dependent (PMD) entity, and the like. Each of the MAC
sublayer and the PHY layer conceptually includes manage-
ment entities called MAC sublayer Management Entity
(MLME) and Physical Layer Management Entity (PLME).
These entities provide layer management service interfaces
through which a layer management function is executed.
[0054] To provide a correct MAC operation, a Station
Management Entity (SME) resides in each STA. The SME
is a layer independent entity which may be perceived as
being present in a separate management plane or as being off
to the side. While specific functions of the SME are not
described in detail herein, the SME may be responsible for
collecting layer-dependent states from various Layer Man-
agement Entities (LMEs) and setting layer-specific param-
eters to similar values. The SME may execute these func-
tions and implement a standard management protocol on
behalf of general system management entities.
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[0055] The above-described entities interact with one
another in various manners. For example, the entities may
interact with one another by exchanging GET/SET primi-
tives between them. A primitive refers to a set of elements
or parameters related to a specific purpose. An XX-GET.
request primitive is used to request a predetermined MIB
attribute value (management information-based attribute
information). An XX-GET.confirm primitive is used to
return an appropriate MIB attribute information value when
the Status field indicates “Success” and to return an error
indication in the Status field when the Status field does not
indicate “Success”. An XX-SET.request primitive is used to
request setting of an indicated MIB attribute to a predeter-
mined value. When the MIB attribute indicates a specific
operation, the MIB attribute requests the specific operation
to be performed. An XX-SET.confirm primitive is used to
confirm that the indicated MIB attribute has been set to a
requested value when the Status field indicates “Success”
and to return an error condition in the Status field when the
Status field does not indicate “Success”. When the MIB
attribute indicates a specific operation, it confirms that the
operation has been performed.

[0056] Also, the MLME and the SME may exchange
various MLME_GET/SET primitives through an MLME
Service Access Point (MLME_SAP). In addition, various
PLME_GET/SET primitives may be exchanged between the
PLME and the SME through a PLME_SAP, and exchanged
between the MLME and the PLME through an MLME-
PLME_SAP.

[0057] Link Setup Process

[0058] FIG. 3 is a flowchart explaining a general link setup
process according to an exemplary embodiment of the
present invention.

[0059] In order to allow an STA to establish link setup on
the network as well as to transmit/receive data over the
network, the STA must perform such link setup through
processes of network discovery, authentication, and asso-
ciation, and must establish association and perform security
authentication. The link setup process may also be referred
to as a session initiation process or a session setup process.
In addition, an association step is a generic term for discov-
ery, authentication, association, and security setup steps of
the link setup process.

[0060] Link setup process is described referring to FIG. 3.
[0061] In step S510, STA may perform the network dis-
covery action. The network discovery action may include
the STA scanning action. That is, STA must search for an
available network so as to access the network. The STA must
identify a compatible network before participating in a
wireless network. Here, the process for identifying the
network contained in a specific region is referred to as a
scanning process.

[0062] The scanning scheme is classified into active scan-
ning and passive scanning.

[0063] FIG. 3 is a flowchart illustrating a network discov-
ery action including an active scanning process. In the case
of the active scanning, an STA configured to perform
scanning transmits a probe request frame and waits for a
response to the probe request frame, such that the STA can
move between channels and at the same time can determine
which Access Point (AP) is present in a peripheral region. A
responder transmits a probe response frame, acting as a
response to the probe request frame, to the STA having
transmitted the probe request frame. In this case, the
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responder may be an STA that has finally transmitted a
beacon frame in a BSS of the scanned channel. In BSS, since
the AP transmits the beacon frame, the AP operates as a
responder. In IBSS, since STAs of the IBSS sequentially
transmit the beacon frame, the responder is not constant. For
example, the STA, that has transmitted the probe request
frame at Channel #1 and has received the probe response
frame at Channel #1, stores BSS-associated information
contained in the received probe response frame, and moves
to the next channel (for example, Channel #2), such that the
STA may perform scanning using the same method (i.e.,
probe request/response transmission/reception at Channel
#2).

[0064] Although not shown in FIG. 3, the scanning action
may also be carried out using passive scanning AN STA
configured to perform scanning in the passive scanning
mode waits for a beacon frame while simultaneously mov-
ing from one channel to another channel. The beacon frame
is one of management frames in IEEE 802.11, indicates the
presence of a wireless network, enables the STA performing
scanning to search for the wireless network, and is periodi-
cally transmitted in a manner that the STA can participate in
the wireless network. In BSS, the AP is configured to
periodically transmit the beacon frame. In IBSS, STAs of the
IBSS are configured to sequentially transmit the beacon
frame. If each STA for scanning receives the beacon frame,
the STA stores BSS information contained in the beacon
frame, and moves to another channel and records beacon
frame information at each channel The STA having received
the beacon frame stores BSS-associated information con-
tained in the received beacon frame, moves to the next
channel, and thus performs scanning using the same method.

[0065] In comparison between the active scanning and the
passive scanning, the active scanning is more advantageous
than the passive scanning in terms of delay and power
consumption.

[0066] After the STA discovers the network, the STA may
perform the authentication process in step S520. The authen-
tication process may be referred to as a first authentication
process in such a manner that the authentication process can
be clearly distinguished from the security setup process of
step S540.

[0067] The authentication process may include transmit-
ting an authentication request frame to an AP by the STA,
and transmitting an authentication response frame to the
STA by the AP in response to the authentication request
frame. The authentication frame used for authentication
request/response may correspond to a management frame.

[0068] The authentication frame may include an authen-
tication algorithm number, an authentication transaction
sequence number, a state code, a challenge text, a Robust
Security Network (RSN), a Finite Cyclic Group (FCG), etc.
The above-mentioned information contained in the authen-
tication frame may correspond to some parts of information
capable of being contained in the authentication request/
response frame, may be replaced with other information, or
may include additional information.

[0069] The STA may transmit the authentication request
frame to the AP. The AP may decide whether to authenticate
the corresponding STA on the basis of information contained
in the received authentication request frame. The AP may
provide the authentication result to the STA through the
authentication response frame.

24



US 2019/0357256 Al

[0070] After the STA has been successfully authenticated,
the association process may be carried out in step S530. The
association process may involve transmitting an association
request frame to the AP by the STA, and transmitting an
association response frame to the STA by the AP in response
to the association request frame.

[0071] For example, the association request frame may
include information associated with various capabilities, a
beacon listen interval, a Service Set Identifier (SSID), sup-
ported rates, supported channels, RSN, mobility domain,
supported operating classes, a TIM (Traffic Indication Map)
broadcast request, interworking service capability, etc.
[0072] For example, the association response frame may
include information associated with various capabilities, a
state code, an Association ID (AID), supported rates, an
Enhanced Distributed Channel Access (EDCA) parameter
set, a Received Channel Power Indicator (RCPI), a Received
Signal to Noise Indicator (RSNI), mobility domain, a tim-
eout interval (association comeback time), an overlapping
BSS scan parameter, a TIM broadcast response, a Quality of
Service (QoS) map, etc.

[0073] The above-mentioned information may correspond
to some parts of information capable of being contained in
the association request/response frame, may be replaced
with other information, or may include additional informa-
tion.

[0074] After the STA has been successfully associated
with the network, a security setup process may be carried out
in step S540. The security setup process of Step S540 may
be referred to as an authentication process based on Robust
Security Network Association (RSNA) request/response.
The authentication process of step S520 may be referred to
as a first authentication process, and the security setup
process of Step S540 may also be simply referred to as an
authentication process.

[0075] For example, the security setup process of Step
S540 may include a private key setup process through 4-way
handshaking based on an Extensible Authentication Protocol
over LAN (EAPOL) frame. In addition, the security setup
process may also be carried out according to other security
schemes not defined in IEEE 802.11 standards.

[0076] Medium Access Mechanism

[0077] Inthe IEEE 802.11—based WLAN system, a basic
access mechanism of Medium Access Control (MAC) is a
Carrier Sense Multiple Access with Collision Avoidance
(CSMA/CA) mechanism. The CSMA/CA mechanism is
referred to as a Distributed Coordination Function (DCF) of
IEEE 802.11 MAC, and basically includes a “Listen Before
Talk” access mechanism. In accordance with the above-
mentioned access mechanism, the AP and/or STA may
perform Clear Channel Assessment (CCA) for sensing an
RF channel or medium during a predetermined time interval
[for example, DCF Inter-Frame Space (DIFS)], prior to data
transmission. If it is determined that the medium is in the
idle state, frame transmission through the corresponding
medium begins. On the other hand, if it is determined that
the medium is in the occupied state, the corresponding AP
and/or STA does not start its own transmission, establishes
a delay time (for example, a random backoft period) for
medium access, and attempts to start frame transmission
after waiting for a predetermined time. Through application
of'a random backoft period, it is expected that multiple STAs
will attempt to start frame transmission after waiting for
different times, resulting in minimum collision.
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[0078] In addition, IEEE 802.11 MAC protocol provides a
Hybrid Coordination Function (HCF). HCF is based on DCF
and Point Coordination Function (PCF). PCF refers to the
polling-based synchronous access scheme in which periodic
polling is executed in a manner that all reception (Rx) APs
and/or STAs can receive the data frame. In addition, HCF
includes Enhanced Distributed Channel Access (EDCA) and
HCF Controlled Channel Access (HCCA). EDCA is
achieved when the access scheme provided from a provider
to a plurality of users is contention-based. HCCA is achieved
by the contention-free-based channel access scheme based
on the polling mechanism. In addition, HCF includes a
medium access mechanism for improving Quality of Service
(QoS) of WLAN, and may transmit QoS data in both a
Contention Period (CP) and a Contention Free Period (CFP).

[0079] FIG. 4 is a conceptual diagram illustrating a back-
off process.
[0080] Operations based on a random backoff period will

hereinafter be described with reference to FIG. 4. If the
occupy- or busy-state medium is shifted to an idle state,
several STAs may attempt to transmit data (or frame). As a
method for implementing a minimum number of collisions,
each STA selects a random backoff count, waits for a slot
time corresponding to the selected backoft count, and then
attempts to start data transmission. The random backoff
count has a value of a Packet Number (PN), and may be set
to one of 0 to CW values. In this case, CW refers to a
Contention Window parameter value. Although an initial
value of the CW parameter is denoted by CWmin, the initial
value may be doubled in case of a transmission failure (for
example, in the case in which ACK of the transmission
frame is not received). If the CW parameter value is denoted
by CWmax, CWmax is maintained until data transmission is
successful, and at the same time it is possible to attempt to
start data transmission. If data transmission was successful,
the CW parameter value is reset to CWmin Preferably, CW,
CWnmin, and CWmax are set to 2n-1 (where n=0, 1, 2, . . .
).

[0081] If the random backoff process starts operation, the
STA continuously monitors the medium while counting
down the backoff slot in response to the decided backoff
count value. If the medium is monitored as the occupied
state, the countdown stops and waits for a predetermined
time. If the medium is in the idle state, the remaining
countdown restarts.

[0082] As shown in the example of FIG. 4, if a packet to
be transmitted to MAC of STA3 arrives at the STA3, the
STA3 determines whether the medium is in the idle state
during the DIFS, and may directly start frame transmission.
In the meantime, the remaining STAs monitor whether the
medium is in the busy state, and wait for a predetermined
time. During the predetermined time, data to be transmitted
may occur in each of STA1, STA2, and STAS. If the medium
is in the idle state, each STA waits for the DIFS time and
then performs countdown of the backoff slot in response to
a random backoff count value selected by each STA. The
example of FIG. 4 shows that STA2 selects the lowest
backoff count value and STA1 selects the highest backoff
count value. That is, after STA2 finishes backoft counting,
the residual backoff time of STAS at a frame transmission
start time is shorter than the residual backoff time of STA1.
Each of STA1 and STAS temporarily stops countdown while
STA2 occupies the medium, and waits for a predetermined
time. If occupying of the STA2 is finished and the medium
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re-enters the idle state, each of STA1 and STAS waits for a
predetermined time DIFS, and restarts backoff counting.
That is, after the remaining backoff slot as long as the
residual backoff time is counted down, frame transmission
may start operation. Since the residual backoff time of STAS
is shorter than that of STA1, STAS starts frame transmission.
Meanwhile, data to be transmitted may occur in STA4 while
STAZ2 occupies the medium. In this case, if the medium is in
the idle state, STA4 waits for the DIFS time, performs
countdown in response to the random backoff count value
selected by the STA4, and then starts frame transmission.
FIG. 4 exemplarily shows the case in which the residual
backoff time of STAS is identical to the random backoff
count value of STA4 by chance. In this case, an unexpected
collision may occur between STA4 and STAS. If the colli-
sion occurs between STA4 and STAS, each of STA4 and
STAS does not receive ACK, resulting in the occurrence of
a failure in data transmission. In this case, each of STA4 and
STAS increases the CW value two times, and STA4 or STAS
may select a random backoff count value and then perform
countdown. Meanwhile, STA1 waits for a predetermined
time while the medium is in the occupied state due to
transmission of STA4 and STAS. In this case, if the medium
is in the idle state, STA1 waits for the DIFS time, and then
starts frame transmission after lapse of the residual backoff
time.

[0083] STA Sensing Operation

[0084] As described above, the CSMA/CA mechanism
includes not only a physical carrier sensing mechanism in
which the AP and/or STA can directly sense the medium, but
also a virtual carrier sensing mechanism. The virtual carrier
sensing mechanism can solve some problems (such as a
hidden node problem) encountered in the medium access.
For the virtual carrier sensing, MAC of the WLAN system
can utilize a Network Allocation Vector (NAV). In more
detail, by means of the NAV value, the AP and/or STA, each
of which currently uses the medium or has authority to use
the medium, may inform another AP and/or another STA for
the remaining time in which the medium is available.
Accordingly, the NAV value may correspond to a reserved
time in which the medium will be used by the AP and/or STA
configured to transmit the corresponding frame. AN STA
having received the NAV value may prohibit medium access
(or channel access) during the corresponding reserved time.
For example, NAV may be set according to the value of a
‘duration’ field of the MAC header of the frame.

[0085] The robust collision detect mechanism has been
proposed to reduce the probability of such collision, and as
such a detailed description thereof will hereinafter be
described with reference to FIGS. 7 and 8. Although an
actual carrier sensing range is different from a transmission
range, it is assumed that the actual carrier sensing range is
identical to the transmission range for convenience of
description and better understanding of the present inven-
tion.

[0086] FIG.5 is a conceptual diagram illustrating a hidden
node and an exposed node.

[0087] FIG. 5(a) exemplarily shows the hidden node. In
FIG. 5(a), STA A communicates with STA B, and STA C has
information to be transmitted. In FIG. 5(a), STA C may
determine that the medium is in the idle state when per-
forming carrier sensing before transmitting data to STA B,
under the condition that STA A transmits information to STA
B. Since transmission of STA A (i.e., occupied medium) may

Nov. 21, 2019

not be detected at the location of STA C, it is determined that
the medium is in the idle state. In this case, STA B
simultaneously receives information of STA A and informa-
tion of STA C, resulting in the occurrence of collision. Here,
STA A may be considered as a hidden node of STA C.

[0088] FIG. 5(b) exemplarily shows an exposed node. In
FIG. 5(b), under the condition that STA B transmits data to
STA A, STA C has information to be transmitted to STA D.
If STA C performs carrier sensing, it is determined that the
medium is occupied due to transmission of STA B. There-
fore, although STA C has information to be transmitted to
STA D, the medium-occupied state is sensed, such that the
STA C must wait for a predetermined time (i.e., standby
mode) until the medium is in the idle state. However, since
STA A is actually located out of the transmission range of
STA C, transmission from STA C may not collide with
transmission from STA B from the viewpoint of STA A, such
that STA C unnecessarily enters the standby mode until STA
B stops transmission. Here, STA C is referred to as an
exposed node of STA B.

[0089] FIG. 6 is a conceptual diagram illustrating Request
To Send (RTS) and Clear To Send (CTS).

[0090] In order to efficiently utilize the collision avoidance
mechanism under the above-mentioned situation of FIG. 5,
it is possible to use a short signaling packet such as RTS and
CTS. RTS/CTS between two STAs may be overheard by
peripheral STA(s), such that the peripheral STA(s) may
consider whether information is communicated between the
two STAs. For example, if STA to be used for data trans-
mission transmits the RTS frame to the STA having received
data, the STA having received data transmits the CTS frame
to peripheral STAs, and may inform the peripheral STAs that
the STA is going to receive data.

[0091] FIG. 6(a) exemplarily shows the method for solv-
ing problems of the hidden node. In FIG. 6(a), it is assumed
that each of STA A and STA C is ready to transmit data to
STA B. If STA A transmits RTS to STA B, STA B transmits
CTS to each of STA A and STA C located in the vicinity of
the STA B. As a result, STA C must wait for a predetermined
time until STA A and STA B stop data transmission, such
that collision is prevented from occurring.

[0092] FIG. 6(b) exemplarily shows the method for solv-
ing problems of the exposed node. STA C performs over-
hearing of RTS/CTS transmission between STA A and STA
B, such that STA C may determine no collision although it
transmits data to another STA (for example, STA D). That is,
STA B transmits an RTS to all peripheral STAs, and only
STA A having data to be actually transmitted can transmit a
CTS. STA C receives only the RTS and does not receive the
CTS of STA A, such that it can be recognized that STA A is
located outside of the carrier sensing range of STA C.

[0093] Power Management

[0094] As described above, the WLAN system has to
perform channel sensing before STA performs data trans-
mission/reception. The operation of always sensing the
channel causes persistent power consumption of the STA.
There is not much difference in power consumption between
the Reception (Rx) state and the Transmission (Tx) state.
Continuous maintenance of the Rx state may cause large
load to a power-limited STA (i.e., STA operated by a
battery). Therefore, if STA maintains the Rx standby mode
s0 as to persistently sense the channel, power is inefficiently
consumed without special advantages in terms of WLAN
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throughput. In order to solve the above-mentioned problem,
the WLAN system supports a Power Management (PM)
mode of the STA.

[0095] The PM mode of the STA is classified into an active
mode and a Power Save (PS) mode. The STA is basically
operated in the active mode. The STA operating in the active
mode maintains an awake state. If the STA is in the awake
state, the STA may normally operate such that it can perform
frame transmission/reception, channel scanning, or the like.
On the other hand, STA operating in the PS mode is
configured to switch from the doze state to the awake state
or vice versa. STA operating in the sleep state is operated
with minimum power, and the STA does not perform frame
transmission/reception and channel scanning

[0096] The amount of power consumption is reduced in
proportion to a specific time in which the STA stays in the
sleep state, such that the STA operation time is increased in
response to the reduced power consumption. However, it is
impossible to transmit or receive the frame in the sleep state,
such that the STA cannot mandatorily operate for a long
period of time. If there is a frame to be transmitted to the AP,
the STA operating in the sleep state is switched to the awake
state, such that it can transmit/receive the frame in the awake
state. On the other hand, if the AP has a frame to be
transmitted to the STA, the sleep-state STA is unable to
receive the frame and cannot recognize the presence of a
frame to be received. Accordingly, STA may need to switch
to the awake state according to a specific period in order to
recognize the presence or absence of a frame to be trans-
mitted to the STA (or in order to receive a signal indicating
the presence of the frame on the assumption that the pres-
ence of the frame to be transmitted to the STA is decided).
[0097] The AP may transmit a beacon frame to STAs in a
BSS at predetermined intervals. The beacon frame may
include a traffic indication map (TIM) information element.
The TIM information element may include information
indicating that the AP has buffered traffic for STAs associ-
ated therewith and will transmit frames. TIM elements
include a TIM used to indicate a unicast frame and a delivery
traffic indication map (DTIM) used to indicate a multicast or
broadcast frame.

[0098] FIGS. 7 to 9 are conceptual diagrams illustrating
detailed operations of the STA having received a Traffic
Indication Map (TIM).

[0099] Referring to FIG. 7, STA is switched from the sleep
state to the awake state so as to receive the beacon frame
including a TIM from the AP. STA interprets the received
TIM element such that it can recognize the presence or
absence of buffered traffic to be transmitted to the STA. After
STA contends with other STAs to access the medium for
PS-Poll frame transmission, the STA may transmit the
PS-Poll frame for requesting data frame transmission to the
AP. The AP having received the PS-Poll frame transmitted
by the STA may transmit the frame to the STA. STA may
receive a data frame and then transmit an ACK frame to the
AP in response to the received data frame. Thereafter, the
STA may re-enter the sleep state.

[0100] As can be seen from FIG. 7, the AP may operate
according to the immediate response scheme, such that the
AP receives the PS-Poll frame from the STA and transmits
the data frame after lapse of a predetermined time [for
example, Short Inter-Frame Space (SIFS)]. In contrast, the
AP having received the PS-Poll frame does not prepare a
data frame to be transmitted to the STA during the SIFS
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time, such that the AP may operate according to the deferred
response scheme, and as such a detailed description thereof
will hereinafter be described with reference to FIG. 8.

[0101] The STA operations of FIG. 8 in which the STA is
switched from the sleep state to the awake state, receives a
TIM from the AP, and transmits the PS-Poll frame to the AP
through contention are identical to those of FIG. 7. If the AP
having received the PS-Poll frame does not prepare a data
frame during the SIFS time, the AP may transmit the ACK
frame to the STA instead of transmitting the data frame. If
the data frame is prepared after transmission of the ACK
frame, the AP may transmit the data frame to the STA after
completion of such contending. STA may transmit the ACK
frame indicating successful reception of a data frame to the
AP, and may be shifted to the sleep state.

[0102] FIG. 9 shows the exemplary case in which AP
transmits DTIM. STAs may be switched from the sleep state
to the awake state so as to receive the beacon frame
including a DTIM element from the AP. STAs may recog-
nize that multicast/broadcast frame(s) will be transmitted
through the received DTIM. After transmission of the bea-
con frame including the DTIM, AP may directly transmit
data (i.e., multicast/broadcast frame) without transmitting/
receiving the PS-Poll frame. While STAs continuously
maintains the awake state after reception of the beacon
frame including the DTIM, the STAs may receive data, and
then switch to the sleep state after completion of data
reception.

[0103] Frame Structure

[0104] FIG. 10 is an explanatory diagram of an exemplary
frame structure used in an IEEE 802.11 system.

[0105] A PPDU (Physical Layer Protocol Data Unit)
frame format may include an STF (Short Training Field), an
LTF (Long Training Field), a SIG (SIGNAL) field and a data
field. The most basic (e.g., non-HT (High Throughput))
PPDU frame format may include only an L-STF (Legacy-
STF), an L-LTF (Legacy-LTF), a SIG field and a data field.
[0106] The STF is a signal for signal detection, AGC
(Automatic Gain Control), diversity selection, accurate time
synchronization, etc., and the LTF is a signal for channel
estimation, frequency error estimation, etc. The STF and
LTF may be collectively called a PLCP preamble. The PLCP
preamble may be regarded as a signal for OFDM physical
layer synchronization and channel estimation.

[0107] The SIG field may include a RATE field and a
LENGTH field. The RATE field may include information
about modulation and coding rates of data. The LENGTH
field may include information about the length of data. In
addition, the SIG field may include a parity bit, a SIG TAIL
bit, etc.

[0108] The data field may include a SERVICE field, a
PSDU (Physical layer Service Data Unit) and a PPDU TAIL
bit. The data field may also include padding bits as neces-
sary. Some bits of the SERVICE field may be used for
synchronization of a descrambler at a receiving end. The
PSDU corresponds to an MPDU (MAC Protocol Data Unit)
defined in the MAC layer and may include data generated/
used in a higher layer. The PPDU TAIL bit may be used to
return an encoder to state 0. The padding bits may be used
to adjust the length of the data field to a predetermined unit.
[0109] The MPDU is defined depending on various MAC
frame formats, and a basic MAC frame includes a MAC
header, a frame body and an FCS (Frame Check Sequence).
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The MAC frame may be composed of the MPDU and
transmitted/received through PSDU of a data part of the
PPDU frame format.

[0110] The MAC header includes a frame control field, a
duration/ID field, an address field, etc. The frame control
field may include control information necessary for frame
transmission/reception. The duration/ID field may be set to
a time to transmit a relevant a relevant frame.

[0111] The duration/ID field included in the MAC header
may be set to a 16-bit length (e.g., B0 to B15). Content
included in the duration/ID field may depend on frame type
and sub-type, whether transmission is performed for a CFP
(contention free period), QoS capability of a transmission
STA and the like. (i) In a control frame corresponding to a
sub-type of PS-Poll, the duration/ID field may include the
AID of the transmission STA (e.g., through 14 1L.SBs) and 2
MSBs may be set to 1. (i) In frames transmitted by a PC
(point coordinator) or a non-QoS STA for a CFP, the
duration/ID field may be set to a fixed value (e.g., 32768).
(iii) In other frames transmitted by a non-QoS STA or
control frames transmitted by a QoS STA, the duration/ID
field may include a duration value defined per frame type. In
a data frame or a management frame transmitted by a QoS
STA, the duration/ID field may include a duration value
defined per frame type. For example, B15=0 of the duration/
1D field indicates that the duration/ID field is used to indicate
a TXOP duration, and B0 to B14 may be used to indicate an
actual TXOP duration. The actual TXOP duration indicated
by B0 to B14 may be one of 0 to 32767 and the unit thereof
may be microseconds (us). However, when the duration/ID
field indicates a fixed TXOP duration value (e.g., 32768),
B15 can be set to 1 and B0 to B14 can be set to 0. When
B14=1 and B15=1, the duration/ID field is used to indicate
an AID, and B0 to B13 indicate one AID of 1 to 2007. Refer
to the IEEE 802.11 standard document for details of
Sequence Control, QoS Control, and HT Control subfields
of the MAC header.

[0112] The frame control field of the MAC header may
include Protocol Version, Type, Subtype, To DS, From DS,
More Fragment, Retry, Power Management, More Data,
Protected Frame and Order subfields. Refer to the IEEE
802.11 standard document for contents of the subfields of the
frame control field.

[0113] FIG. 11 illustrates a CF (contention free)-END
frame.
[0114] It is assumed that the CF-END frame is transmitted

by a non-DMG (directional multi-gigabit, 11ad) STA for
convenience of description. The CF-END frame may be
transmitted to truncate a TXOP duration. Accordingly, a
duration field is set to 0 in the CF-END frame. An RA
(Receiver Address) field may be set to a broadcast group
address. A BSSID field may be set to an STA address
included in a relevant AP. However, in the case of a CF-END
frame in a non-HT or non-HT duplicate format, which is
transmitted from a VHT STA to a VHT AP, an Individual/
Group bit of the BSSID field may be set to 1.

[0115] Example of HE PPDU Structure

[0116] A description will be given of examples of a HE
PPDU (High Efficiency Physical layer Protocol Data Unit)
format in a wireless LAN system supporting 11ax.

[0117] FIGS. 12 to 15 illustrate HE PPDUs.

[0118] A HE-SIG A field is positioned after L-part (L-STF,
L-LTF, and L-SIG). Similar to the L-part, the HE-SIG A field
is repeated (duplicated) in a unit of 20 MHz. The HE-SIG A
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can be included in all HE PPDUs. On the contrary, HE SIG
B can be omitted from an SU PPDU or a UL trigger-based
PPDU (e.g., a UL PPDU transmitted based on a trigger
frame).

[0119] The HE-SIG A includes common control informa-
tion (e.g., BW, GI length, BSS color, CRC, Tail, etc.) on
STAs. The HE-SIG A field includes information for inter-
preting HE PPDU. Hence, information included in the
HE-SIG A field may vary depending on a format of HE
PPDU (e.g., SUPPDU, MU PPDU, or trigger-based PPDU).
[0120] For example, (i) in case of the HE SU PPDU
format, the HE-SIG A field can include at least one selected
from the group consisting of a DL/DL indicator, a HE PPDU
format indicator, BSS color, TXOP duration, BW (band-
width), MCS, CP+LTF length, coding information, number
of streams, STBC (e.g., whether or not STBC is used),
transmission beamforming (TxBF) information, CRC, and
Tail. In case of the HE SU PPDU format, HE-SIG B field can
be omitted. (ii) In case of the HE MU PPDU format, the
HE-SIG A field can include at least one selected from the
group consisting of a DL/UL indicator, BSS color, TCOP
duration, BW (bandwidth), MCS information of SIG B field,
number of symbols of the SIG B field, HE LTF symbol
number, an indicator indicating whether or not full band
MU-MIMO is used, CP+LTF length, transmission beam-
forming (TxBF) information, CRC, and Tail. (iii) In case of
HE trigger-based PPDU format, the HE-SIG A field can
include at least one selected from the group consisting of a
format indicator (e.g., indicating SU PPDU or trigger-based
PPDU), BSS color, TXOP duration, BW, CRC, and Tail.
[0121] The HE SIG-A includes not only the common
control information but also user allocation information
(e.g., at least one selected from the group consisting of an
STA identifier such as PAID, GID, and the like, information
on allocated resource, and number of streams (Nsts)).
[0122] The BSS color information included in the HE-SIG
A field corresponds to information for identifying BSS and
has a length shorter than a length of a BSSID. For example,
a BSSID has a length of 48 bits, whereas the BSS color
information may have a length of 6 bits. An STA can
determine whether or not a frame corresponds to an intra-
BSS frame using the BSS color information. In particular, if
the HE-SIG A field is decoded only, the STA can distinguish
an intra BSS PPDU from an inter BSS PPDU via the BSS
color information without decoding the whole of HE PPDU.
[0123] The HE-SIG B can be independently encoded in
every 20 MHz channel unit. If the HE-SIG B is encoded in
every 20 MHz channel unit, the HE-SIG B can be referred
to as a HE-SIG B content channel.

[0124] According to one embodiment, if a bandwidth is
not wider than 20 MHz, it may be able to transmit a single
HE-SIG B content channel If a bandwidth is wider than 20
MHz, channels of a size of 20 MHz may transmit either a
first HE-SIG B content channel (hereinafter, HE-SIG B [1])
or a second HE-SIG B content channel (hereinafter, HE-SIG
B [2]). For example, the HE-SIG B [1] and the HE-SIG B
[2] can be transmitted in turn. An odd-numbered 20 MHz
channel transmits the HE-SIG B [1] and an even-numbered
20 MHz channel transmits the HE-SIG B [2]. More specifi-
cally, in case of a 40 MHz bandwidth, the HE-SIG B [1] is
transmitted on a first 20 MHz channel and the HE-SIG B [2]
is transmitted on a second 20 MHz channel. In case of an 80
MHz bandwidth, the HE-SIG B [1] is transmitted on a first
20 MHz channel, the HE-SIG B [2] is transmitted on a
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second 20 MHz channel, the identical HE-SIG B [1] is
repeatedly transmitted on a third 20 MHz channel, and the
identical HE-SIG B [2] is repeatedly transmitted on a fourth
20 MHz channel. The HE-SIG B [1] and the HE-SIG B [2]
are similarly transmitted on a 160 MHz bandwidth.

[0125] Meanwhile, content of the HE-SIG B [1] may differ
from content of the HE-SIG B [2]. Yet, all of the HE-SIG B
[1] have the same content. Similarly, all of the HE-SIG B [2]
have the same content.

[0126] The HE-SIG B can include a common field and a
user-specific field. The common field may appear prior to the
user-specific field. The common field and the user-specific
field can be distinguished from each other in a bit unit rather
than an OFDM symbol unit.

[0127] The common field of the HE-SIG B includes
information on all STAs configured to receive PPDU on a
corresponding bandwidth. The common field can include
RU (resource unit) allocation information. For example,
when four 20 MHz-channels constructing 80 MHz are
respectively designated as [LL, LR, RL, RR], a common
block for LL and RL is included in the common field of the
HE-SIG B [1] and a common block for LR and RR can be
included in the common field of the HE-SIG B [2].

[0128] The user-specific field of the HE-SIG B can include
a plurality of user fields. Each of a plurality of the user fields
can include information on a specific STA configured to
receive PPDU. For example, a user field can include at least
one selected from the group consisting of a station ID, MCS
per STA, stream number 9Nsts), coding (e.g., LDPC use
indication), a DCM indicator, and transmission beamform-
ing information, by which the present invention may be
non-limited.

[0129] Trigger Frame

[0130] FIG. 16 is a diagram illustrating uplink multi-user
transmission based on a trigger frame.

[0131] As described above, an 802.11ax system may
employ uplink (UL) multi-user (MU) transmission. The UL
MU transmission may be started when an AP transmits a
trigger frame to a plurality of STAs (e.g., STA1 to STA4) as
illustrated in FIG. 16. The AP may obtain a TXOP for
transmitting the trigger frame from contention for medium
access.

[0132] The trigger frame may include UL MU allocation
information. For example, the UL MU allocation informa-
tion may include at least one of resource locations and sizes,
STA IDs or reception STA addresses, and MCSs and MU
types (MIMO, OFDMA, etc.). The content of the trigger
frame will be described in detail later.

[0133] The STAs may transmit a UL data frame using a
HE trigger based PPDU format after SIFS from a PPDU
including the trigger frame.

[0134] The AP may transmit an ACK for a UL MU data
frame in a block ACK (BA) frame.

[0135] FIG. 17 illustrates a trigger frame format according
to an embodiment of the present disclosure. Specifically,
FIG. 17 (a) shows the entirety of a trigger frame, FI1G. 17 (b)
shows a Common Information field of the trigger frame, and
FIG. 17 (c¢) shows a User Information field of the trigger
frame.

[0136] Referring to FIG. 17 (a), the trigger frame may
include at least one of a Frame Control field, a Duration
field, a Recipient STA Address (RA) field, a Transmitting
STA Address (TA) field, a Common Information field, one or
more Per User Information (Info) fields, a Padding field, and
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a Frame Check Sequence (FCS) field. The RA field indicates
the address or ID of a recipient STA and may be omitted in
some embodiments. The TA field indicates the address of a
transmitting STA.

[0137] Referring to FIG. 17 (b), the Common Information
field may include at least one of the following subfields:
Trigger Type, Length, Cascade Indication, Carrier Sensing
(CS) Required, Bandwidth (BW), Guard Interval (GI) and
Long Training Field (LTF) Type , MU-MIMO LTF Mode,
Number of HE-LTF Symbols, STBC, LDPC Extra Symbol
Segment, AP Tx Power, Packet Extension, Spatial Reuse,
Doppler, HE-SIG-A Information, Reserved, and Trigger-
Dependent Common Information. The Trigger Type subfield
indicates the type of the trigger frame. For example, the
trigger type may be set to one of Basic Trigger type (e.g.,
type 0), Beamforming Report Poll Trigger type (e.g., type 1),
MU-BAR (multi-user block ACK request) type (e.g., type 2)
and MU-RTS (multi-user ready to send) type (e.g., type 3),
Buffer State Report Poll type (e.g., type 4), GCR MU BAR
type (e.g., type 5), and BW Query Report Pool type.
However, the present disclosure is not limited thereto. The
Length subfield indicates the L-SIG length of a HE trigger
based PPDU (e.g., UL MU PPDU). The Cascade Indication
subfield indicates whether there is transmission of a trigger
frame after the current trigger frame. The CS Required
subfield indicates whether a correcting STA should respond
by considering a medium sensing result and a NAV. The BW
subfield indicates a bandwidth in HE SIG-A of a HE trigger
based PPDU.

[0138] Referring to FIG. 17 (¢), the User Information field
may include at least one of an AID 12 subfield, a Resource
Unit (RU) Allocation subfield, a Coding Type subfield, an
MCS subfield, a Dual Sub-carrier Modulation (DCM) sub-
field, a Spatial Stream (SS) Allocation subfield, a Target
RSSI subfield, a Reserved subfield, and a Trigger-Dependent
Per User Info subfield. The AID 12 subfield indicates the
LSB 12 bits of the AID of an STA that will receive the
corresponding user information field. When the AID 12
subfield is O or 2045, it may indicate that the corresponding
User Information field is allocated for an RU for random
access. When the ADI 12 subfield is 4095, it may indicate
that the Padding field starts in the trigger frame.

[0139] The Padding field may be optionally provided to
the trigger frame. The Padding field extends the length of the
trigger frame so that a recipient STA may be allowed to
prepare for an SIFS response after receipt of the trigger
frame. When provided, the Padding field has a length of two
octets or longer which are set to all 1s.

[0140] FIG. 18 illustrates a User Information field of a
trigger frame according to an embodiment of the present
disclosure.

[0141] As described above, the AID 12 field of the User
Information field of the trigger frame in FIG. 17 indicates
the LSB 12 bits of the AID of an STA that will use resources
allocated to the trigger frame.

[0142] Meanwhile, considering that the range of the cur-
rent AID is 1 to 2007, an 11-bit AID field can sufficiently
represent the values from 1 to 2007. Thus, as shown in the
example of FIG. 18, the length of the AID 12 field in the
User Information field of a trigger frame may be decreased
by 1 bit, and more particularly, the AID 12 field may be
reduced to an AID 11 field, and the rest 1 bit may be used
for other purposes. For example, B0 to B10 indicate AID 11,
and the remaining one bit, B11 corresponds to a reserved bit.
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[0143] For example, when an AID is reduced using the
AID 11 field, if the User Information field indicates trigger
frame padding, 11 bits (B0 to B10) corresponding to the AID
11 field in the corresponding User Information field may be
set to 2047. In the case of the AID 12 field, the start of
padding may be indicated by setting the AID 12 field to
4095. However, in the case of the AID 11 field, the start of
padding may be indicated by setting the AID 11 field to
2047.

[0144] Hereinafter, an example of configuring the
Reserved field for the rest 1 bit (B11) will be described.

EXAMPLE 1

[0145] Regardless of the value of AID 11, the Reserved
field may be always set to 1. If the Reserved field for B11
is used for a different purpose, the Reserved field may be set
to 0 exceptionally to indicate the corresponding purpose.

EXAMPLE 2

[0146] Only when AID 11 is set to all 1s (i.e., 2047), the
Reserved field may be set to 1. For example, when AID 11
is set to other values rather than 2047, the reserved field is
set to 0.

EXAMPLE 3

[0147] When AID 11 (i.e., [B0:B10]) is set to all 1s (i.e.,
2047), trigger frame padding may be indicated regardless of
the value of B11.

[0148] Network Allocation Vector (NAV)

[0149] A NAV may be interpreted as a timer for protecting
a TXOP of a transmitting STA (e.g., TXOP holder). An STA
may not perform channel access during a period in which the
NAV configured for the STA is valid so as to protect a TXOP
of another STA.

[0150] In the legacy WLAN system before 11ax, an STA
supports one NAV. Upon receiving a valid frame, the STA
may update the NAV with the Duration field of a PSDU
(e.g., the Duration field of a MAC header). However, when
the RA field of a received frame corresponds to the MAC
address of the STA, the STA does not update the NAV. When
the duration indicated by the Duration field of the received
frame is greater than the current NAV value of the STA, the
STA updates the NAV within the duration of the received
frame.

[0151] FIG. 19 illustrates NAV setting in the legacy
WLAN system.
[0152] Referring to FIG. 19, a source STA transmits an

RTS frame, and a destination STA transmits a CTS frame. As
described above, the destination STA, which is designated as
a recipient by the RTS frame, does not set a NAV. Some of
other STAs may receive the RTS frame and set NAVs, and
others may receive the CTS frame and set NAVs.

[0153] Ifthe CTS frame (i.e., a PHY-RXSTART.indication
primitive) is not received within a predetermined period
from the time when the RTS frame is received (i.e., from the
time when MAC receives a PHY-RXEND.indication primi-
tive corresponding to the RTS frame), STAs which have set
or updated NAVs through the RTS frame may reset the
NAVs (e.g., 0). The predetermined period may be (2*aSIF-
STime+CTS_Time+aRxPHY StartDelay+2*aSlotTime).
The CTS_Time may be calculated based on the length and
data rate of the CTS frame indicated by the RTS frame.
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[0154] Although FIG. 19 illustrates that a NAV is set or
updated with an RTS frame or a CTS frame for convenience,
NAV setting/resetting/update may be performed using Dura-
tion fields of various frames, for example, a non-HT PPDU,
aHT PPDU, a VHT PPDU or a HE PPDU (e.g., the Duration
field of the MAC header of a MAC frame). For example, if
the RA field of a received MAC frame does not correspond
to the address of an STA (e.g., MAC address), the STA may
set/reset/update its NAV.

[0155] In the legacy WLAN system, TXOP duration is
configured by the Duration field of the MAC header as
described above. That is, a TXOP holder (e.g., Tx STA) and
a TXOP responder (e.g., Rx STA) transmit and receive total
TXOP information required for transmitting and receiving
frames in the Duration field of a frame exchanged therebe-
tween. Except the TXOP holder or the TXOP responder,
third party STAs check the Duration field exchanged
between the TXOP holder and the TXOP responder and
defer use of a channel until the end of a NAV period by
configuring/updating the NAV.

[0156] Meanwhile, in the 11 ax WLAN system, a non-AP
STA manages two NAVs. The two NAVs may include an
intra-BSS NAV and a basic NAV. The intra-BSS NAV is
updated with an intra-BSS PPDU, and the basic NAV is
updated with an inter-BSS PPDU or a PPDU which cannot
be identified as either the intra-BSS PPDU or the inter-BSS
PPDU. An AP may manage one or two NAVs. When the AP
manages one NAV, the AP manages the NAV as in the legacy
WLAN system.

[0157] BSS color information included in a HE SIG-A
field may be used in determining whether a HE PPDU is the
intra-BSS PPDU or the inter-BSS PPDU. Details of BSS
color and intra-PPDU determination will be described later.
[0158] In the 11 ax system, a NAV may be updated not
only with a MAC Duration field but also with a TXOP
duration value included in the HE SIG-A field. However, if
an STA obtains both the TXOP duration value and the MAC
duration value (e.g., when the STA is capable of decoding
both PHY/MAC), the STA updates its NAV based on the
MAC duration value. If the TXOP duration value is set to
“unspecified’ (e.g., all 1s), the STA does not update the NAV
based on the corresponding TXOP duration value. In the 11
ax system, when an STA is a third party STA, the STA may
update its NAV. In other words, the STA should not be a
TXOP holder or responder. In particular, the STA may
update its NAV only when the RA field of the MAC header
of a received PPDU does not match with its MAC address.
[0159] 1If at least one of the two NAVs is non-zero, a HE
STA determines that a medium is busy based on a virtual
carrier sensing result and then defers channel access.

[0160] Determination of Intra-BSS Frame/Inter-BSS
Frame
[0161] An STA determines that a corresponding PPDU is

an inter-BSS frame if at least one of the following conditions
is satisfied: (i) the BSS color in the received PPDU is not O,
and it is different from the BSS color of a BSS to which the
STA belongs; (ii) the BSS color in the received PPDU is not
0, and the STA is a HE STA associated with a non-HE AP;
(iii) the PPDU has the BSSID field, and the BSSID therein
does not match with the BSSID of the BSS to which the STA
belongs; (iv) the PPDU has no BSSID field, and both the RA
and TA fields of the PPDU do not match with the BSSID of
the BSS to which the STA belongs; and (v) the PPDU is a
VHT PPDU, and the PAID included in the VHT PPDU does
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not match with a predetermined part of the BSSID (or BSS
color) of the BSS to which the STA belongs.

[0162] The STA determines that the corresponding PPDU
is an intra-BSS frame rather than the intra-BSS Frame: (i)
the BSS color in the received PPDU is 0, or it is equal to the
BSS color of the BSS to which the STA belongs; (ii) any one
of the BSSID, RA, and TA fields of the PPDU matches with
the BSSID of the BSS to which the STA belongs; (iii) the
PPDU is a VHT PPDU, and the PAID included in the VHT
PPDU matches with the predetermined part of the BSSID
(or BSS color) of the BSS to which the STA belongs; (iv) the
PPDU is a PPDU carrying a control frame and includes the
RA field with no TA field, and the corresponding RA field
matches with the TXOP holder address of the BSS to which
the STA belongs.

[0163] If the PPDU does not belong to any one of the
above cases, the STA may not determine whether the cor-
responding PPDU is the intra-BSS frame or the inter-BSS
frame.

[0164] BSS Color
[0165] FIG. 20 illustrates a HE Operation element.
[0166] BSS color information may be transmitted in a HE

Operation element included in an association response
frame, a probe response frame, or a beacon frame. In
addition, the HE Operation element may include not only a
BSS Color subfield but also a BSS Color Disabled subfield.
When the BSS Color Disabled subfield is set to 1, it indicates
that an AP determines to disable the use of the BSS color.
For example, the BSS color information of a BSS managed
by the AP overlaps with the BSS color information of a
neighboring BSS (e.g., BSS color collision), the AP may
disable the use of the BSS color.

[0167] In the case of BSS color=0, it indicates that there
is no BSS color for a corresponding BSS.

[0168] For example, the BSS color may be used for an
intra-PPDU power save procedure, an intra-BSS NAV con-
figuration, etc. However, when receiving the HE Operation
element including the BSS Color Disabled subfield setto 1,
an STA does not use BSS color information for the intra-
PPDU power save procedure, the intra-BSS NAV configu-
ration, etc. Instead, the STA may use information in the
MAC header (e.g., RA/TA field).

[0169] FIG. 21 illustrates a BSS Color Change Announce-
ment element.
[0170] An AP may transmit information on BSS color

change and new BSS color through a BSS Color Change
Announcement element. A Color Switch Countdown field
indicates the number of TBTTs that remain until the new
BSS color is applied.

[0171] The BSS Color Change Announcement element
may be included in a BSS Color Change Announcement
frame, a beacon frame, a probe response frame, or an
association response frame.

[0172] The AP may transmit the BSS Color Change
Announcement element when there is a BSS color collision
in an OBSS. The BSS Color Change Announcement element
needs to be transmitted during a sufficiently long time since
all STAs including STAs in PS mode should know the BSS
color change. In the TBTT for the BSS color change, the AP
sets the BSS Color Disabled subfield to 0 and starts using the
new BSS color.

[0173] Extended Inter-Frame Space (EIFS) Operation
[0174] An STA that performs channel access (e.g., DCF)
may use EIFS to determine whether a medium is idle after

10
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receiving a frame satisfying a specific condition. Hereinaf-
ter, the specific condition for using the EIFS is described. If
the PHY-RXEND.indication primitive for a received frame
has an error or if the FCS value for the received frame is not
correct, an STA performs channel sensing using the EIFS
before transmission. Similar to DCF, an STA’s EDCA
mechanism under HCF uses an interval of EIFS-DIFS+AIFS
[AC]. Although the DCF is assumed for convenience of
description, it will be understood by those skilled in the art
that under the HCF, the EIFS-DIFS+AIFS [AC] length can
be used instead of the EIFS.

[0175] In general, the EIFS length may correspond to
DIFS+AckTxTim+SIFS. Regardless of a virtual CS mecha-
nism, the EIFS interval starts after a PHY indicates that a
medium is idle after detecting a frame with an error. The
STA does not start transmission until both a NAV and the
EIFS expires.

[0176] Ifthe STA receives a frame with no error during the
EIFS operation, the STA terminates the EIFS operation and
resynchronize with the actual busy/idle state of the medium.
If the EIFS expires or is terminated, the STA restores (or
reverts to) the NAV and physical CS.

[0177] STA/AP Operation after BSS Color is Disabled
[0178] A description will be given of how an STA operates
when BSS color is disabled. Although it is assumed that the
BSS color is disabled when a BSS color collision occurs for
convenience of description, the disclosure is not limited
thereto. That is, the BSS color may be disabled due to other
reasons.

[0179] An STA may apply intra-PPDU power save (PS) to
a PPDU transmitted from a neighboring BSS when its BSS
color is equal to that of the neighboring BSS. The intra-
PPDU PS means a mode in which when an STA receives an
intra-BSS PPDU, which is not intended for the correspond-
ing STA (i.e., when the STA corresponds to a third party), the
STA operates in a doze state until the end of the PPDU. That
is, when a BSS collision occurs, if the STA misunderstands
the PPDU from the neighboring BSS as an intra-BSS PPDU
and then applies the intra-PPDU PS, the STA may miss a
PPDU transmitted from an AP which the STA is associated
with.

[0180] To solve the above problem, the AP may disable the
use of the BSS color.

[0181] For example, when a BSS color collision occurs,
the AP may inform STAs of the occurrence of the BSS color
collision, using a beacon frame, etc. The BSS collision may
be indicated by the above-described BSS Color Disabled
subfield. Upon recognizing the BSS color collision from the
beacon frame, an STA does not perform operation related to
the BSS color (e.g., intra-PPDU PS, NAV setting, etc.)
[0182] FIG. 22 illustrates an example of a method of
transmitting and receiving a frame when BSS color is
disabled.

[0183] As described above, when a BSS color collision
occurs, an AP selects a new BSS color and then informs
STAs of the new BSS color using a beacon frame, etc. In this
case, the AP provides information on the BSS color collision
and the new BSS color during a sufficiently long time period
to allow all STAs connected to the BSS to receive the new
BSS color. HE STAs and APs that belong to the correspond-
ing BSS and receive the beacon frame during a correspond-
ing time period (i.e., before the new BSS color is applied)
may set a TXOP Duration field in HE-SIG A to all 1s (e.g.,
unspecified states) when transmitting a HE PPDU.
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[0184] When the TXOP Duration field of HE-SIG A is set
to all 1s (i.e., 127), a HE STA does not perform the
intra-PPDU PS even though the BSS color is an intra-BSS
color and instead performs payload (e.g., PSDU) decoding
to obtain MAC duration. In other words, when the

[0185] TXOP Duration field is set to all 1s (e.g., 127), the
STA does not enter the doze state of the intra-PPDU PS.
Also, the STA does not update an intra-BSS NAV.

[0186] However, according to the method shown in FIG.
22, when OBSS STAs receive a PPDU including the TXOP
Duration field set to all 1s, the OBSS STAs do not update
NAVs with the TXOP Duration field. As a result, there may
be a problem that the corresponding PPDU is not protected.
[0187] Meanwhile, there may be an STA that misses a
beacon frame including the BSS Color Disabled subfield set
to 1, and the corresponding STA may transmits a PPDU by
setting the TXOP Duration field to another valid value rather
than all 1s until obtaining the BSS Color Disabled subfield.
In this situation, it should be defined whether a third party
STA configures/updates a NAV with the TXOP Duration
field if the third party STA receives the corresponding
PPDU.

[0188] According to an embodiment of the present disclo-
sure, when the BSS color is disabled, even if a third party
STA receives an intra-BSS PPDU (e.g., a PPDU including
its BSS color) having the TXOP Duration field not set to all
1s, the third party STA does not update an intra-BSS NAV
based on the BSS color of the corresponding PPDU. In other
words, when the BSS color is disabled, the third party STA
does not update the intra-BSS PPDU using the TXOP
Duration field even though the TXOP Duration field in the
received intra-BSS PPDU is not all 1s. When the BSS color
is disabled, the STA may determine whether to update the
intra-BSS NAV using the A1/A2 field and a MAC duration
value included in the MAC header rather than BSS color or
TXOP duration values included in the HE-SIG-A field.
[0189] When the third party STA is unable to decode the
MAC header, the third party STA may not obtain the A1/A2
field and MAC duration value. As a result, the third party
STA may not determine whether to update the intra-BSS
NAV based on the A1/A2 field and MAC duration value.
When the BSS color is disabled, if the third party STA
receives a PPDU including its BSS color and the TXOP
Duration field not set to all 1s, the third party STA may
update a basic NAV by regarding the PPDU as an uniden-
tified PPDU since the BSS color is disabled.

[0190] FIG. 23 illustrates another example of a method of
transmitting and receiving a frame when BSS color is
disabled.

[0191] Referring to FIG. 23, after the BSS color is dis-
abled, a HE STA (e.g., 3rd party) may receive an intra-PPDU
including the TXOP Duration field set to a normal value
(i.e., a value except all 1s).

[0192] Since the BSS color is disabled, the HE STA (e.g.,
3rd party) cannot determine whether the PPDU is an intra-
PPDU or an inter-PPDU, using the BSS color in the corre-
sponding PPDU. Therefore, the HE STA (e.g., 3rd party)
regards the corresponding PPDU as an unidentified PPDU
and updates a basic NAV using the TXOP Duration field of
the corresponding PPDU instead of updating an intra-BSS
NAV.

[0193] In other words, an STA may regard a received
frame as an intra-BSS frame when the following conditions
are satisfied: the RXVECTOR parameter BSS_COLOR in a
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PPDU carrying the frame is the same as the BSS color
announced by an AP which the STA is associated with; and
the BSS Color Disabled subfield in the most recently
received HE Operation element from the AP is O (i.e., the
BSS color is enabled).

[0194] Accordingly, when the BSS Color Disabled sub-
field of the most recently received HE Operation element
from the AP which the STA is associated with is set to 1, the
STA does not regard the corresponding PPDU as the intra-
BSS frame even though the RXVECTOR parameter BSS_
COLOR of the received PPDU is equal to the BSS color of
the AP which the STA is associated with. That is, the STA
does not update the intra-BSS NAV. Instead, the STA
updates the basic NAV with a RXVECTOR TXOP_DURA-
TION field of the received PPDU by regarding the corre-
sponding PPDU as the unidentified PPDU.

[0195] FIG. 24 illustrates a further example of a method of
transmitting and receiving a frame when BSS color is
disabled.

[0196] As described above, when the BSS color is dis-
abled, if a third party STA receives a PPDU including the
TXOP Duration field not set to all 1s (i.e., TXOP Duration
field all 1s) (i.e., 127 in a size of 7 bits, UNSPECIFIED) and
is unable to decode the MAC header of the PPDU (for
example, when the third part STA is unable to obtain the
A1/A2/MAC Duration field), the third party STA updates a
basic NAV with the TXOP duration field=all 1s (i.e., 127 in
a size of 7 bits, UNSPECIFIED) even though the BSS color
in the PPDU is the same as its BSS color. However,
according to another embodiment of the present disclosure,
the third party STA may invoke the EIFS in the same
situation, instead of updating the basic NAV.

[0197] Referring to FIG. 24, when the BSS color is
disabled, if a HE STA receives an intra-PPDU (if the BSS
color in the received PPDU is the same as the BSS color of
its AP, the received PPDU is regarded as a BSS color based
intra-PPDU), the HE STA does not update both an intra-BSS
NAV and a basic NAV with the TXOP Duration field. That
is, the HE STA ignores the value of the TXOP Duration field.
In addition, when the HE STA is unable to decode the MAC
data payload of the received PPDU (for example, when the
HE STA is unable to decode the A1/A2/Duration field in the
MAC header), the HE STA invokes the EIFS operation.
[0198] When the BSS color is disabled (BSS Color Dis-
abled subfield=1), the EIFS may be invoked even though a
valid TXOP_DURATION parameter is included in
RXVECTOR of the received PPDU. In this case, the valid
TXOP_DURATION parameter means that since the TXOP
Duration field is not all 1s (e.g., all 1s=unspecified), TXOP_
DURATION indicates a duration value.

[0199] As described above, in the legacy WLAN system,
the EIFS is invoked when a frame has an error. In particular,
when the PHY-RXEND.indication primitive for a received
frame (or PPDU) contains an error or when the FCS value
for the frame is not correct, the EIFS may be used.

[0200] However, according to an embodiment of the pres-
ent disclosure, when the BSS color is disabled, even if the
PHY-RXEND.indication primitive contains no error and the
FCS value for a frame is correct, the EIFS may be invoked
by reason that a PPDU having the TXOP Duration field=all
1s is received.

[0201] As another example, when the BSS color is dis-
abled, the reception of the PPDU having the TXOP Duration
field=all 1s may be defined as a new type of error for

32



US 2019/0357256 Al

invoking the EIFS. For example, when the BSS color is
disabled, if the PPDU having the TXOP Duration field all 1s
is received, the PHY-RXEND.indication primitive may be
configured to indicate an error. Thus, an STA may invoke the
EIFS on the basis of the corresponding error.

[0202] However, when a valid TXOP_Duration parameter
is included in RXVECTOR of the received PPDU and the
BSS Color Disabled subfield included in the most recently
received HE Operation element from an AP which the STA
is associated with is set to 0, the EIFS is not invoked.
[0203] According to an embodiment of the present disclo-
sure, when the BSS color is disabled, the conditions for
invoking the EIFS when an inter-BSS HE PPDU is received
may be different from those when an intra-BSS HE PPDU
is received.

[0204] For example, when an STA receives an inter-BSS
HE PPDU including a valid RXVECTOR parameter TXOP_
DURATION, the STA does not invoke the EIFS regardless
of the value of the BSS Color Disabled subfield.

[0205] When the STA receives an intra-BSS HE PPDU
including a valid RXVECTOR parameter TXOP_DURA-
TION, the STA does not invoke the EIFS if the BSS Color
Disabled subfield is 0.

[0206] However, if the BSS Color Disabled subfield is 1,
the STA may invoke the EIFS even though the STA receives
the intra-BSS HE PPDU including the valid RXVECTOR
parameter TXOP_DURATION. For example, the EIFS may
be invoked for a frame with an incorrect FCS. However, for
an intra-BSS PPDU including a frame having one or more
correct FCSs (MPDU), the EIFS is not invoked.

[0207] In other words, when RXVECTOR of the received
inter-BSS HE PPDU has the valid TXOP_DURATION
parameter (i.e., not all 1s) or when RXVECTOR of the
received intra-BSS HE PPDU has the valid TXOP_DURA-
TION parameter (i.e., not all 1s), if the BSS Color Disabled
subfield of the most recently received HE Operation element
from the AP which the STA is associated with is 0, the EIFS
is not invoked. If there are no other causes, for example,
conventional EIFS invocation causes (e.g., an incorrect FCS,
an unsupported rate, a PHY error such as format violation,
etc.), the EIFS is not invoked at least due to the valid
TXOP_DURATION parameter.

[0208] When the STA receives the inter/intra-BSS HE
PPDU including the RXVECTOR parameter TXOP_DU-
RATION set to all 1s, the STA may use the EIFS as in the
legacy WLAN.

[0209] According to an embodiment of the present disclo-
sure, an STA may update an intra-BSS NAV with duration
information indicated by the RXVECTOR parameter
TXOP_DURATION when all of the following conditions
are satisfied: (i) the RXVECTOR parameter TXOP_DURA-
TION is not set to all 1s (the RXVECTOR parameter
TXOP_DURATION:=all 1s); (ii) a PPDU carrying informa-
tion of the RXVECTOR parameter is recognized as an
intra-BSS and the BSS Color Disabled subfield of the most
recently received HE Operation element from an AP which
the STA is associated with is 0; (iii) the duration information
indicated by the RXVECTOR parameter TXOP_DURA-
TION is greater than the current intra-BSS NAV of the STA;
and (iv) the PPDU carrying the information of the RXVEC-
TOR parameter is not a HE trigger based PPDU, which is
triggered by the corresponding STA.

[0210] According to an embodiment of the present disclo-
sure, when the PHY-RXEND.indication primitive for a
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corresponding frame has an error or when the FCS value for
the corresponding frame is not correct, if the BSS Color
Disabled subfield of the most recently received HE Opera-
tion element from an AP which a HE-STA is associated with
is 0, the DCF of the STA may receive a frame satisfying a
specific condition and use the EIFS before transmitting its
frame to determine whether a medium is idle.

[0211] In addition, when the RXVECTOR parameter of a
received HE PPDU includes a valid TXOP_DURATION
parameter and when the BSS Color Disabled subfield of the
most recently received HE Operation element from the AP
which the STA is associated with is 0, the EIFS is not
invoked.

[0212] Hereinafter, a method of terminating EIFS accord-
ing to an embodiment of the present disclosure will be
described. The application of the EIFS termination method,
which will be described in the following, is not limited to the
EIFS operation initiated by the aforementioned EIFS invo-
cation causes. That is, the EIFS termination method is also
applicable to the EIFS operation performed by other causes.

[0213] In the legacy WLAN system, the EIFS is termi-
nated if an error-free frame is received during the EIFS.
According to an embodiment of the present disclosure, the
EIFS termination is not limited when the error-free frame is
received, and the EIFS may be terminated when a specific
HE PPDU is received during the EIFS.

[0214] According to an embodiment of the present disclo-
sure, if a corresponding STA correctly decodes a PHY
preamble and obtains TXOP duration in the HE-SIG A field,
the STA may terminate the EIFS based on the TXOP
duration even though there is an error in MAC of a PPDU
received during the EIFS (for example, when there is an
incorrect FCS).

[0215] For example, when the most recently received HE
Operation element from an AP which an STA that performs
the EIFS operation is associated with contains the BSS
Color Disabled subfield set to 0,

[0216] if the STA receives an intra-BSS PPDU includ-
ing a valid RXVECTOR parameter TXOP_DURA-
TION, the STA may terminate the EIFS to resynchro-
nize with the actual busy/idle state of a medium and
continue access to the medium. In the case of a HE STA
with two NAVs, the HE STA reverts to its intra-BSS
NAV when terminating the EIFS. Alternatively, the HE
STA with the two NAVs may revert to both the intra-
BSS NAV and inter-BSS NAV when terminating the
EIFS. In the case of a HE STA with one NAV (e.g., AP
STA), the HE STA may revert to the corresponding one
NAV when terminating the EIFS. The valid RXVEC-
TOR parameter TXOP_DURATION may mean that the
RXVECTOR parameter TXOP DURATION indicates
a duration value since the TXOP Duration field is not
set to all 1s.

[0217] if the STA receives an inter-BSS PPDU includ-
ing a valid RXVECTOR parameter TXOP_DURA-
TION during the EIFS operation, the STA may termi-
nate the EIFS to resynchronize with the actual busy/idle
state of a medium and continue access to the medium.
In the case of a HE STA with two NAVs, the HE STA
reverts to its inter-BSS NAV when terminating the
EIFS. Alternatively, the HE STA with the two NAVs
may revert to both the intra-BSS NAV and inter-BSS
NAV when terminating the EIFS. In the case of a HE
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STA with one NAV (e.g., AP STA), the HE STA may
revert to the corresponding one NAV when terminating
the EIFS.

[0218] if the STA receives an inter-BSS PPDU or intra-
BSS PPDU including an invalid RXVECTOR TXOP_
DURATION parameter, the STA does not terminate the
EIFS.

[0219] As another example, when the most recently
received HE Operation element from an AP which an STA
that performs the EIFS operation is associated with contains
the BSS Color Disabled subfield set to 1,

[0220] if the STA receives an intra-BSS PPDU includ-
ing a valid RXVECTOR TXOP_DURATION param-
eter, the STA does not terminate the EIFS.

[0221] if the STA receives an inter-BSS PPDU includ-
ing a valid RXVECTOR TXOP_DURATION param-
eter, the STA may terminate the EIFS to resynchronize
with the actual busy/idle state of a medium and con-
tinue access to the medium. In the case of a HE STA
with two NAVs, the HE STA reverts to its inter-BSS
NAV when terminating the EIFS. Alternatively, the HE
STA with the two NAVs may revert to both the intra-
BSS NAV and inter-BSS NAV when terminating the
EIFS. In the case of a HE STA with one NAV (e.g., AP
STA), the HE STA may revert to the corresponding one
NAV when terminating the EIFS.

[0222] if the STA receives an inter-BSS PPDU or intra-
BSS PPDU including an invalid RXVECTOR TXOP_
DURATION parameter, the STA does not terminate the
EIFS.

[0223] When an inter-BSS PPDU includes a valid TXOP_
DURATION parameter, an STA may terminate the EIFS
regardless of the value of the BSS Color Disabled subfield.
[0224] When an inter-BSS HE PPDU including a valid
TXOP_DURATION parameter is received during the EIFS
or EIFS-DIFS+AIFS [AC] or an intra-BSS HE PPDU
including a valid TXOP_DURATION parameter is received
during the EIFS or EIFS-DIFS+AIFS [AC], if the BSS Color
Disabled subfield in the most recently received HE Opera-
tion element from an AP which an STA is associated with is
0, the STA may terminate the EIFS or EIFS-DIFS+AIFS
[AC] to resynchronize with the busy/idle state of a medium
and continue access to the medium (e.g., DIFS, AIFS, or a
backoff process if necessary). At the expiration or termina-
tion of the EIFS or EIFS-DIFS+AIFS [AC], a HE STA with
two NAVs reverts to either or both of its intra-BSS NAV or
inter-BSS NAV and physical CS for controlling the access to
the medium.

[0225] For example, when the BSS color is not disabled
(i.e., when the BSS Color Disabled subfield in the most
recently received HE Operation element from an AP to
which an STA is associated with is 0), if the STA receives a
HE PPDU (e.g., intra-BSS/inter-BSS HE PPDU) including
a valid TXOP_DURATION parameter during the EIFS or
EIFS-DIFS+AIFS [AC], the corresponding STA may termi-
nate the EIFS. In this case, the STA may invoke the EIFS or
EIFS-DIFS+AIFS [AC] operation when the STA receives a
frame including a valid TXOP duration value in the state that
that BSS color disabled as described above. However, the
STA may also invoke the EIFS or EIFS-DIFS+AIFS [AC]
operation based on other reasons, for example, by reason
that the PHY-RXEND.indication primitive for a received
frame has an error or the FCS value for the received frame
is incorrect.
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[0226] FIG. 25 is a flowchart illustrating a channel access
method according to an embodiment of the present disclo-
sure. Redundant description will be omitted.

[0227] Referring to FIG. 25, an STA receives, from an AP,
a first frame indicating whether BSS color is disabled
(2505). The first frame may include the HE Operation
element, and whether the BSS color is disabled may be
indicated by the BSS Color Disabled subfield. The first
frame may be a beacon frame, a probe response frame, or an
association (or re-association) response frame, but the pres-
ent disclosure is not limited thereto.

[0228] The STA receives a second frame including the
SIG-A field having the TXOP Duration subfield and the BSS
Color subfield (2510). The second frame may be transmitted
from another STA not shown in the drawing.

[0229] For convenience, the STA is assumed to be a third
party STA for a second STA.

[0230] The STA performs channel access (2515). When
the BSS Color subfield of the second frame includes a
disabled BSS color and the TXOP Duration subfield of the
second frame includes a valid TXOP duration value (for
example, when the TXOP Duration field is not all 1s) even
though the first subframe indicates that the BSS color is
disabled, the STA may perform the channel access by
invoking the EIFS operation. For example, when the STA is
unable to obtain MAC data from the second frame including
the disabled BSS color and the valid TXOP duration value,
the STA may invoke the EIFS operation.

[0231] The STA may not update a NAV with the corre-
sponding valid TXOP duration value by ignoring the valid
TXOP duration value of the second frame including the
disabled BSS color.

[0232] When the BSS color is disabled, the STA includes
an invalid TXOP duration value (e.g., all 1s) in a frame
transmitted by the STA.

[0233] When the BSS Color subfield of the second frame
corresponds to an inter-BSS frame including another BSS
color, the STA may not invoke the EIFS by reason that the
second frame includes the valid TXOP duration value.
[0234] When the STA receives a third frame including
another valid TXOP duration value during the EIFS opera-
tion, the STA may terminate the EIFS operation and resyn-
chronize with the actual busy/idle state of a medium. At the
termination of the EIFS operation, the STA may revert to
either or both an intra-BSS NAV and a basic NAV. For
example, if the third frame is an inter-BSS frame, the STA
may terminate the EIFS operation and reverts to the basic
NAV. On the contrary, if the third frame is an intra-BSS
frame, the STA may continue the EIFS operation.

[0235] FIG. 26 is an explanatory diagram of apparatuses
for implementing the aforementioned method.

[0236] A wireless device 100 and a wireless device 150 in
FIG. 26 may correspond to the aforementioned STA/AP 1
and STA/AP 2, respectively.

[0237] The STA 100 may include a processor 110, a
memory 120, and a transceiver 130 and the AP 150 may
include a processor 160, a memory 170, and a transceiver
160. The transceivers 130 and 180 may transmit/receive a
wireless signal and may be implemented in a physical layer
of IEEE 802.11/3GPP. The processors 110 and 160 are
implemented in a physical layer and/or a MAC layer and are
connected to the transceivers 130 and 180. The processors
110 and 160 may perform the above-described UL MU
scheduling procedure.
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[0238] The processors 110 and 160 and/or the transceivers
130 and 180 may include an Application-Specific Integrated
Circuit (ASIC), a chipset, a logical circuit, and/or a data
processor. The memories 120 and 170 may include a Read-
Only Memory (ROM), a Random Access Memory (RAM),
a flash memory, a memory card, a storage medium, and/or
a storage unit. If an example is performed by software, the
above-described method may be executed in the form of a
module (e.g., a process or a function) performing the above-
described function. The module may be stored in the memo-
ries 120 and 170 and executed by the processors 110 and
160. The memories 120 and 170 may be located at the
interior or exterior of the processors 110 and 160 and may
be connected to the processors 110 and 160 via known
means.

[0239] The detailed description of the preferred examples
of the present invention has been given to enable those
skilled in the art to implement and practice the invention.
Although the invention has been described with reference to
the preferred examples, those skilled in the art will appre-
ciate that various modifications and variations can be made
in the present invention without departing from the spirit or
scope of the invention described in the appended claims.
Accordingly, the invention should not be limited to the
specific examples described herein, but should be accorded
the broadest scope consistent with the principles and novel
features disclosed herein.

INDUSTRIAL APPLICABILITY

[0240] The present invention can be applied to various
wireless communication systems including IEEE 802.11.

What is claimed is:

1. A method of performing channel access by a station
(STA) in a wireless local area network (WLAN) system, the
method comprising:

receiving, from an access point (AP), a first frame indi-

cating whether basic service set (BSS) color is dis-
abled;

receiving a second frame including a Signal-A (SIG-A)

field having a Transmission Opportunity (IXOP) Dura-
tion subfield and a BSS Color subfield; and
performing the channel access,

wherein when the BSS Color subfield of the second frame

includes a disabled BSS color and the TXOP Duration
subfield of the second frame includes a valid TXOP
duration value even though the first subframe indicates
that the BSS color is disabled, the STA performs the
channel access by invoking an extended inter-frame
space (EIFS) operation.

2. The method of claim 1, wherein when the STA is unable
to obtain medium access control (MAC) data from the
second frame including the disabled BSS color and the valid
TXOP duration value, the STA invokes the EIFS operation.

3. The method of claim 1, wherein the STA does not
update a network allocation vector (NAV) with the valid
TXOP duration value by ignoring the valid TXOP duration
value of the second frame including the disabled BSS color.

4. The method of claim 1, wherein when the BSS color is
disabled, the STA includes an invalid TXOP duration value
in a frame transmitted by the STA,

and wherein when the BSS Color subfield of the second

frame corresponds to an inter-BSS frame including
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another BSS color, the STA does not invoke the EIFS
by reason that the second frame includes the valid
TXOP duration value.

5. The method of claim 1, wherein when the STA receives
a third frame including another valid TXOP duration value
during the EIFS operation, the STA terminates the EIFS
operation and resynchronizes with an actual busy/idle state
of a medium.

6. The method of claim 5, wherein at the termination of
the EIFS operation, the STA reverts to either or both an
intra-BSS network allocation vector (NAV) and a basic
NAV.

7. The method of claim 6, wherein when the third frame
is an inter-BSS frame, the STA terminates the EIFS opera-
tion and reverts to the basic NAV.

8. The method of claim 7, wherein when the third frame
is an intra-BSS frame, the STA continues the EIFS opera-
tion.

9. A station (STA) comprising:
a transceiver; and

a processor configured to control the transceiver to
receive, from an access point (AP), a first frame indi-
cating whether basic service set (BSS) color is dis-
abled, receive a second frame including a Signal-A
(SIG-A) field having a Transmission Opportunity
(TXOP) Duration subfield and a BSS Color subfield,
and perform channel access,

wherein when the BSS Color subfield of the second frame
includes a disabled BSS color and the TXOP Duration
subfield of the second frame includes a valid TXOP
duration value even though the first subframe indicates
that the BSS color is disabled, the STA performs the
channel access by invoking an extended inter-frame
space (EIFS) operation.

10. The STA of claim 9, wherein when the processor is
unable to obtain medium access control (MAC) data from
the second frame including the disabled BSS color and the
valid TXOP duration value, the processor is configured to
invoke the EIFS operation.

11. The STA of claim 9, wherein the processor is config-
ured not to update a network allocation vector (NAV) with
the valid TXOP duration value by ignoring the valid TXOP
duration value of the second frame including the disabled
BSS color.

12. The STA of claim 9, wherein when the BSS color is
disabled, the processor is configured to include an invalid
TXOP duration value in a frame transmitted by the proces-
sor, and

wherein when the BSS Color subfield of the second frame

corresponds to an inter-BSS frame including another
BSS color, the processor is configured not to invoke the
EIFS by reason that the second frame includes the valid
TXOP duration value.

13. The STA of claim 9, wherein when a third frame
including another valid TXOP duration value is received
during the EIFS operation, the processor is configured to
terminate the EIFS operation and resynchronize with an
actual busy/idle state of a medium.

14. The STA of claim 13, wherein at the termination of the
EIFS operation, the processor is configured to revert to
either or both an intra-BSS network allocation vector (NAV)
and a basic NAV.
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15. The STA of claim 14, wherein when the third frame is
an inter-BSS frame, the processor is configured to terminate
the EIFS operation and revert to the basic NAV, and

wherein when the third frame is an intra-BSS frame, the

processor is configured to continue the EIFS operation.

#* #* #* #* #*
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