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(57) Abstract: A method and of transmitting management information, performed by an access point(AP), in a wireless local area 
network system is provided. The method includes transmitting, to a station, a frame including a BSS load information element, the 
BSS load element including a multi user(MU) multiple input multiple output(MIMO) capable STA count field and a plurality of 
bandwidth utilization fields, wherein the MU-MIMO capable STA count field indicates a total number of STAs with MU reception 
capability currently associated with a candidate BSS managed by the AP and the plurality of bandwidth untilization fields indicate 
whether a plurality of operating channel width are busy.
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Description
Title of Invention: METHOD AND APPARATUS FOR

TRANSMITTING MANAGEMENT INFORMATION FRAME IN 
WIRELESS LOCAL AREA NETWORK SYSTEM 

Technical Field
[0001] The present invention relates to wireless communications, and more particularly, to a 

method for transmitting management information in a wireless local area network 
(WLAN) system and an apparatus for supporting the method.

Background Art
[0002] With the advancement of information communication technologies, various wireless 

communication technologies have recently been developed. Among the wireless com
munication technologies, a wireless local area network (WLAN) is a technology 
whereby Internet access is possible in a wireless fashion in homes or businesses or in a 
region providing a specific service by using a portable terminal such as a personal 
digital assistant (PDA), a laptop computer, a portable multimedia player (PMP), etc.

[0003] Ever since the institute of electrical and electronics engineers (IEEE) 802, i.e., a stan
dardization organization for WLAN technologies, was established in February 1980, 
many standardization works have been conducted. In the initial WLAN technology, a 
frequency of 2.4 GHz was used according to the IEEE 802.11 to support a data rate of 
1 to 2 Mbps by using frequency hopping, spread spectrum, infrared communication, 
etc. Recently, the WLAN technology can support a data rate of up to 54 Mbps by using 
orthogonal frequency division multiplex (OFDM). In addition, the IEEE 802.11 is de
veloping or commercializing standards of various technologies such as quality of 
service (QoS) improvement, access point protocol compatibility, security en
hancement, radio resource measurement, wireless access in vehicular environments, 
fast roaming, mesh networks, inter-working with external networks, wireless network 
management, etc. The IEEE 802.1 In is a technical standard relatively recently in
troduced to overcome a limited data rate which has been considered as a drawback in 
the WLAN. The IEEE 802.1 In is devised to increase network speed and reliability and 
to extend an operational distance of a wireless network.

[0004] The IEEE 802.1 In supports a high throughput (HT), i.e., a data processing rate of up
to 540 Mbps or higher, and is based on a multiple input and multiple output (ΜΙΜΟ) 
technique which uses multiple antennas in both a transmitter and a receiver to 
minimize a transmission error and to optimize a data rate. In addition, this standard 
may use a coding scheme which transmits several duplicate copies to increase data re
liability and also may use the OFDM to support a higher data rate.
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[0005] With the widespread use of the WLAN and the diversification of applications using 
the WLAN, there is a recent demand for a new WLAN system to support a higher 
throughput than a data processing rate supported by the IEEE 802.1 In. However, an 
IEEE 802.11η medium access control (MAC)/physical layer (PHY) protocol is not 
effective to provide a throughput of 1 Gbps or higher. This is because the IEEE 
802.1 In MAC/PHY protocol is designed for an operation of a single station (STA), 
that is, an STA having one network interface card (NIC), and thus when a frame 
throughput is increased while conforming to the conventional IEEE 802.1 In MAC/ 
PHY protocol, a resultant additional overhead is also increased. Consequently, there is 
a limitation in increasing a throughput of a wireless communication network while 
conforming to the conventional IEEE 802.1 In MAC/PHY protocol, that is, a single 
STA architecture.

[0006] Therefore, to achieve a data processing rate of 1 Gbps or higher in the wireless com
munication system, a new system different from the conventional IEEE 802.1 In MAC/ 
PHY protocol (i.e., the single STA architecture) is required. A very high throughput 
(VHT) WLAN system is a next version of the IEEE 802.1 In WLAN system, and is 
one of IEEE 802.11 WLAN systems which have recently been proposed to support a 
data processing rate of 1 Gbps or higher in a MAC service access point (SAP).

[0007] The VHT WLAN system allows simultaneous channel access of a plurality of VHT 
non-AP ST As for the effective use of a radio channel. For this, a multi-user multiple 
input multiple output (MU-MIMO)-based transmission using multiple antennas is 
supported. A VHT access point (AP) can concurrently transmit spatial-multiplexed 
data to a plurality of VHT non-AP STAs. When data is concurrently transmitted by 
distributing a plurality of spatial streams to the plurality of non-AP STA through a 
plurality of antennas, an overall throughput of the WLAN system can be increased.

[0008] In the WLAN system, the non-AP STA performs scanning, authentication, and as
sociation procedures on an AP that provides a service. If a plurality of APs are found 
as a result of AP scanning performed by the non-AP STA, the non-AP STA can select 
an AP to be associated. In this case, load balancing of an overall network is preferably 
taken into account when the non-AP STA selects the AP.

[0009] A plurality of APs are installed as WLAN terminals are widespread and its utilization 
is increased. Accordingly, an overlapping basic service set (OBSS) environment 
increases in which a basic service area (BSA) of a basic service set (BSS) using the 
same channel overlaps either partly or wholly. In addition, in case of a WLAN 
supporting MU-MIMO, there may be more considerations when selecting an AP to be 
associated with a non-AP STA. Therefore, it may be very important to provide the 
non-AP STA with information that can be used in a process of selecting the AP to be 
associated with the non-AP STA in terms of managing overall efficiency of the
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WLAN.

[0010] In order to increase the overall efficiency of the WLAN, there is a need for a method 

for generating control information that can be used by a non-AP STA when selecting an 

AP to be associated with the non-AP STA and for transmitting the control information to 

the non-AP STA and also a method for selecting the AP by the non-AP STA on the basis 

of the control information.

[0011] Any discussion of documents, devices, acts or knowledge in this specification is 

included to explain the context of the invention. It should not be taken as an admission 

that any of the material formed part of the prior art base or the common general 

knowledge in the relevant art in Australia on or before the priority date of the claims 

herein.

[0012] ‘Comprises/comprising’ when used in this specification is taken to specify the presence 

of stated features, integers, steps or components but does not preclude the presence or 

addition of one or more other features, integers, steps, components or groups thereof.

Summary of Invention
[0013] In an aspect of the present invention, there is provided a method of transmitting 

management information, performed by an access point (AP), in a wireless local area 

network system, the method including:

transmitting, to a station, a frame including a basic service set (BSS) load 

information element, the BSS load information element including a multi user (MU) 

multiple input multiple output (ΜΙΜΟ) capable STA count field and a plurality of 

bandwidth utilization fields,

wherein the MU-MIMO capable STA count field indicates a total number of STAs 

with MU reception capability currently associated with a candidate BSS managed by the 

AP, and

wherein each of the plurality of bandwidth utilization fields includes information 

about time that each corresponding channel width is busy, and

wherein the plurality of bandwidth utilization fields include:

a first utilization field corresponding to 40MHz channel width of the AP, 

and

a second utilization field corresponding to 80MHz channel width of the

AP.

[0014] Paragraph deleted
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[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

[0021]

[0022]

Paragraph deleted

The method may further include receiving, from the station, a probe request frame for 

scanning the candidate BSS with which the station associate and wherein the frame is a 

probe response frame transmitted in response to the probe request frame.

The information of bandwidth utilization fields may be defined as a percentage of time 

that each corresponding channel width is busy.

The percentage of time may be linearly scaled with 255.

The method may further include performing carrier sense mechanism for determining 

state of each of operating channel width used to configure each of the plurality of 

bandwidth utilization fields.

The station determines a target BSS with which the station associates, based on the 

information indicated by the BSS load information element.

The frame may be a beacon frame broadcasted periodically.

In another aspect of the present invention, there is provided an access point (AP) in a 

wireless local area network system, the AP including:

a memory; and

a processor operatively coupled with the memory and configured to:

transmit, to a station, a frame including a basic service set (BSS) load information 

element, the BSS load information element including a multi user (MU) multiple input 

multiple output (ΜΙΜΟ) capable STA count field and a plurality of bandwidth utilization 

fields,

wherein the MU-MIMO capable STA count field indicates a total number of STAs 

with MU reception capability currently associated with a candidate BSS managed by the 

AP and

wherein each of the plurality of bandwidth utilization fields includes information 

about time that each corresponding channel width is busy, and

wherein the plurality of bandwidth utilization fields include:

a first utilization field corresponding to 40MHz channel width of the AP, 

and

a second utilization field corresponding to 80MHz channel width of the

AP.
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[0022a] In a further aspect of the present invention, there is provided a method of receiving 

management information, performed by a station (STA), in a wireless local area network 

system, the method including:

receiving, from an access point (AP), a frame including a basic service set (BSS) 

load information element, the BSS load information element including a multi user (MU) 

multiple input multiple output (ΜΙΜΟ) capable STA count field and a plurality of 

bandwidth utilization fields,

wherein the MU-MIMO capable STA count field indicates a total number of STAs 

with MU reception capability currently associated with a candidate BSS managed by the 

AP and

wherein each of the plurality of bandwidth utilization fields includes information 

about time that each corresponding channel width is busy, and

wherein the plurality of bandwidth utilization fields include:

a first utilization field corresponding to 40MHz channel width of the AP, 

and

a second utilization field corresponding to 80MHz channel width of the

AP.

[0022b] In yet a further aspect of the present invention, there is provided a device for a wireless 

local area network system, the device including:

a memory; and

a processor operatively coupled with the memory and configured to:

receive, from an access point (AP), a frame including a basic service set (BSS) 

load information element, the BSS load element including a multi user (MU) multiple 

input multiple output (ΜΙΜΟ) capable STA count field and a plurality of bandwidth 

utilization fields,

wherein the MU-MIMO capable STA count field indicates a total number of STAs 

with MU reception capability currently associated with a candidate BSS managed by the 

AP and

wherein each of the plurality of bandwidth utilization fields includes information 

about time that each corresponding channel width is busy, and

wherein the plurality of bandwidth utilization fields include:

a first utilization field corresponding to 40MHz channel width of the AP, and

a second utilization field corresponding to 80MHz channel width of the AP.
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)023] According to the present invention, available resource information of an access point 

(AP) can be reported to a non-AP station (STA), and the non-AT STA can use the 

available resource information of the AP when selecting the AP to be associated with the 

non-AP STA, thereby being able to increase efficiency of a wireless local area network 

(WLAN).

Brief Description of Drawings
[0024] Fig. 1 shows and IEEE 802.11 physical layer architecture.

[0025] Fig. 2 shows an example of a BSS load information element format transmitted by

being included in a management frame.

[0026] Fig. 3 shows an example of a BSS load IE including channel correlation information 

according to an embodiment of the present invention.

[0027] Fig. 4 shows an example of procedure for providing the BSS load IE of Fig. 3 by an 

AP to a non-AP STA.

[0028] Fig. 5 is an example of a BSS load IE format according to another embodiment of the 

present invention.

[0029] Fig. 6 shows a utilization of a channel used from the perspective of an AP.

[0030] Fig. 7 shows a method of expressing a MU-MIMO utilization according to an

embodiment of the present invention.

[0031] Fig. 8 shows another example of a method of expressing a MU-MIMO utilization 

according to an embodiment of the present invention.

[0032] Fig. 9 shows another example of a method of expressing a MU-MIMO utilization 

according to an embodiment of the present invention.

[0033] Fig. 10 shows an example of a BSS load IE format including MU-MIMO utilization 

according to an embodiment of the present invention.

[0034] Fig. 11,12 and Fig. 13 show an example of a BSS load IE format.

[0035] Fig. 14 and 15 show an example of computing an average spatial stream count in a
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metric manner.
[0036] Fig. 16 shows an example of transmission when interference occurs in a specific 

band.
[0037] Fig. 17 shows a BS load IE format according to an embodiment of the present 

invention.
[0038] Fig. 18 shows an example of a BSS load IE according to an embodiment of the 

present invention when channel utility information is reported for each bandwidth.
[0039] Fig. 19 shows an example of a BSS load IE format when reporting both a BW idle 

metric and a BW busy metric.
[0040] Fig. 20 is a block diagram showing a radio apparatus for implementing an em

bodiment of the present invention.

Mode for the Invention
[0041] Hereinafter, exemplary embodiments of the present invention will be described with 

reference to the accompanying drawings.
[0042] A wireless local area network (WLAN) system according to an embodiment of the 

present invention includes at least one basic service set (BSS). The BSS is a set of 
stations (STAs) successfully synchronized to communicate with one another. The STA 
is any functional medium including a medium access control (MAC) and wireless
medium physical layer (PHY) interface satisfying the institute of electrical and 
electronics engineers (IEEE) 802.11 standard. The STA may be an AP or a non-AP 
STA.

[0043] An AP is any entity that has STA functionality and provides access to a distribution 
services (DS) via a wireless medium (WM) for associated STAs. The AP can also be 
referred to as other terms, such as a centralized controller, a base station (BS), a 
scheduler, etc.

[0044] The non-AP STA is an STA other than an AP, and can be referred to as other terms, 
such as a user equipment (UE), a mobile station (MS), a mobile terminal (MT), a 
portable terminal, an interface card, etc.

[0045] The BSS can be classified into an independent BSS (IBSS) and an infrastructure 
BSS. The infrastructure BSS includes at least one non-AP STA and AP.

[0046] Figure 1 shows an IEEE 802.11 physical layer architecture.
[0047] The IEEE 802.11 physical (PHY) layer architecture includes a PHY layer 

management entity (PLME), a physical layer convergence procedure (PLCP) sub-layer 
110, and a physical medium dependent (PMD) sub-layer 100. The PLME provides a 
PHY layer management function in cooperation with a MAC layer management entity 
(MLME). The PLCP sub-layer 110 located between a MAC sub-layer 120 and the 
PMD sub-layer 100 delivers to the PMD sub-layer 100 a MAC protocol data unit 
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(MPDU) received from the MAC sub-layer 120 under the instruction of the MAC layer 
120, or delivers to the MAC sub-layer 120 a frame received from the PMD sub-layer 
100. The PMD sub-layer 100 is a lower layer of the PLCP sub-layer and serves to 
enable transmission and reception of a PHY layer entity between two ST As through a 
radio medium.

[0048] The PLCP sub-layer 110 attaches an additional field including information required 
by a PHY transceiver to the MPDU in a process of receiving the MPDU from the 
MAC sub-layer 120 and delivering the MPDU to the PMD sub-layer 100. The ad
ditional field attached in this case may be a PLCP preamble, a PLCP header, tail bits 
required on a data field, etc. The PLCP preamble serves to allow a receiver to prepare a 
synchronization function and antenna diversity before a PLCP service data unit (PSDU 
= MPDU) is transmitted. The PLCP header includes a field that contains essential in
formation for receiving and restoring a frame by a reception STA.

[0049] The PLCP sub-layer 110 generates a PLCP protocol data unit (PPDU) by attaching 
the aforementioned field to the MPDU and transmits the generated PPDU to the 
reception STA via the PMD sub-layer. The reception STA receives the PPDU, acquires 
information required for data recovery from the PLCP preamble and the PLCP header, 
and recovers the data.

[0050] In order for the non-AP STA to participate in the WLAN, compatible networks have 
to be identified. A scanning procedure is defined as a process in which the non-AP 
STA identifies a network that exists in a specific region. In other words, the scanning 
procedure is a process of finding a candidate AP to be associated with the non-AP STA 
in an association or re-association procedure.

[0051] The scanning procedure has two types, i.e., passive scanning and active scanning. 
The passive scanning is a method of using a beacon frame periodically transmitted by 
the AP. The non-AP STA may receive the beacon frame, which is periodically 
transmitted by the AP that manages a BSS, to find an accessible BSS.

[0052] The active scanning is a method of finding an accessible BSS by transmitting a probe 
request frame by the non-AP STA. In case of using the active scanning, when the non
AP STA transmits the probe request frame, an AP that receives the probe request 
frame transmits to the non-AP STA a probe response frame including information such 
as a service set ID of the BSS managed by the AP, capability supported by the AP, etc. 
By the use of the received probe response frame, the non-AP STA can know a variety 
of information regarding the candidate AP together with the existence of the candidate 
AP.

[0053] The non-AP STA can know whether a joinable BSS exists by using the received 
beacon frame or the probe response frame in the scanning procedure.

[0054] The scanning procedure is followed by an authentication procedure for negotiating 



7

WO 2012/096441 PCT/KR2011/009175

au authentication scheme and an encryption scheme between entities participating in 
wireless communication. For example, the non-AP ST A can perform the authentication 
procedure with an AP to be associated among one or more APs found in the scanning 
procedure. The authentication procedure can use various schemes such as open-system 
authentication, shared-key authentication, pre-authentication, proprietary public-key 
authentication based on an algorithm developed by a vendor, etc. Examples of a further 
reinforced authentication scheme include IEEE 802.1x-based Extensible Authen
tication Protocol-Transport Layer Security (EAP-TLS), Extensible Authentication 
Protocol-Tunneled Transport Layer Security (EAP-TTLS), Extensible Authentication 
Protocol-Flexible Authentication via Secure Tunneling (EAP-FAST), and Protected 
Extensible Authentication Protocol (PEAP).

[0055] After authentication is successfully complete in the authentication procedure, the 
non-AP STA can perform an association procedure with the AP. The association 
procedure implies establishing of an identifiable connection (i.e., radio link) between 
the non-AP STA and the AP.

[0056] In the association procedure, the non-AP STA transmits an association request frame 
to the AP which successfully completes the authentication procedure, and in response 
thereto, the AP transmits an association response frame having a status code of 
‘successful’ to the non-AP STA. The association response frame includes an identifier 
(e.g., an association ID (AID)) capable of identifying an association with a specific 
non-AP STA.

[0057] In a case where a connection status between the non-AP STA and the AP deteriorates 
due to a variable channel state even after the association procedure is successfully 
complete, the non-AP STA can perform again the association procedure with another 
AP having a good channel state, which is referred to as a re-association procedure. The 
re-association procedure is very similar to the aforementioned association procedure. 
More specifically, in the re-association procedure, the non-AP STA transmits a re
association request frame to a different AP (e.g., an AP which successfully completes 
the authentication procedure among candidate APs found in the aforementioned 
scanning procedure) other than an AP currently associated with the non-AP STA, and 
the different AP transmits a re-association response frame to the non-AP STA. 
However, the re-association request frame includes information on a previously as
sociated AP. By using this information, the re-associated AP can deliver data buffered 
in the previous AP to the non-AP STA.

[0058] Hereinafter, a method of determining a specific BSS to be joined will be described in 
greater detail when a non-AP STA finds a plurality of joinable BSSs as a result of the 
aforementioned scanning procedure. The determining of the specific BSS to which the 
non-AP STA will join can also be expressed as determining of a specific AP on which 
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authentication and association procedures will be performed.
[0059] When the non-AP STA selects one of a plurality of candidate BSSs to which the non

AP STA can join and thus determines a BSS to be joined, it may be preferable to 
determine the BSS by considering a load of each candidate BSS. Non-AP STA 
population and traffic levels of each candidate BSS can be used to determine the BSS 
to be joined so as to prevent a load to be concentrated in a specific BSS, thereby being 
able to increase overall efficiency of a WLAN system. For this, each candidate BSS’s 
load information that can be used by the non-AP STA needs to be reported to the non
AP STA.

[0060] The AP can transmit a management frame including a load information element of 
the BSS in order to report state information of the AP to an STA. The management 
frame including the load information element may be unicast to a non-AP STA 
performing scanning in the scanning procedure or may be broadcast to all ST As within 
a basic service area (BSA) of the BSS. Alternatively, the management frame including 
the BSS load IE may be broadcast periodically to a non-AP STA within the BSA.

[0061] Figure 2 shows an example of a BSS load information element format transmitted by 
being included in a management frame.

[0062] The BSS load information element contains information on the current STA 
population and traffic levels in the BSS. This information element may be used by the 
non-AP STA for AP selection algorithm when roaming.

[0063] The BSS load information element of Figure 2 includes an Element ID field 
including identification information of an information element (IE), a Length field 
including length information of the IE, an STA Count field, a Channel Utilization field, 
and an Available Admission Capacity field.

[0064] The STA Count field is interpreted as an unsigned integer that indicates the total 
number of STAs currently associated with this BSS.

[0065] The Channel Utilization field is defined as the percentage of time, linearly scaled 
with 255 representing 100%, that the AP sensed the medium was busy, as indicated by 
either the physical or virtual carrier sense (CS) mechanism. When more than one 
channel is in use for the BSS, the Channel Utilization field value is calculated only for 
the primary channel. This percentage is computed using the equation 1.

[0066] [Equation 1]
[0067] Channel Utilization =
[0068] Integer( (channel_busy_time/(dot 11 ChannelU tilizationBeaconlntervals

xdotllBeaconPeriod x 1024)) x 255),
[0069] where channel_busy_time is defined to be the number of microseconds during which 

the CS mechanism has indicated a channel busy indication, 
dotllChannelUtilizationBeaconlntervals represents the number of consecutive beacon 
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intervals during which the channel busy time is measured.
[0070] The Available Admission Capacity field may be 2 octets long and contains an 

unsigned integer that specifies the remaining amount of medium time available via 
explicit admission control, in units of 32 ps/s. The field is helpful for roaming non-AP 
ST As to select an AP that is likely to accept future admission control requests, but it 
does not represent a guarantee that the HC will admit these requests.

[0071] In the BSS load information element format of Figure 2, AP’s load information (e.g., 
a spatial re-use factor of STAs, a channel correlation among the STAs, etc.) related to 
ΜΙΜΟ transmission is not included in a WLAN system supporting ΜΙΜΟ 
transmission. A non-AP STA which intends to select an AP in the WLAN system 
supporting ΜΙΜΟ transmission is preferably capable of selecting the AP by also con
sidering information of a spatial re-use factor of candidate APs, a channel correlation 
among non-AP STAs, etc. Hereinafter, transmission information and a method of 
transmitting a variety of BSS load information that can be transmitted by an AP to a 
non-AP STA in a WLAN system supporting MU-MIMO will be described in detail by 
taking a detailed example.

[0072] In the following description of the present invention, the BSS load IE is an IE 
including control information transmitted by an AP to a non-AP STA in a BSA, and its 
name is for exemplary purposes only. Hereinafter, information transmitted by being 
included in the BSS load IE may be transmitted by being included in one IE or may be 
transmitted as a separate IE.

[0073] The AP may transmit the BSS load IE by using a control frame and/or a management 
frame. The control frame and/or the management frame may be unicast to the non-AP 
STA or may be broadcast to all non-AP STAs within a BSA. The AP may transmit the 
BSS load IE at the request of information provision, or may transmit an unsolicited 
BSS load IE irrespective of the request of information provision. The management 
frame may be the beacon frame or the probe respons frame. The non-AP STA may 
select an optimal AP on the basis of information obtained by using the BSS load IE.

[0074] Figure 3 shows an example of a BSS load IE including channel correlation in
formation according to an embodiment of the present invention.

[0075] An AP transmits the BSS load IE to a non-AP STA. Herein, the BSS load IE includes 
information such as Channel Correlation Threshold, Number of Correlated STAs, 
Number of Uncorrelated STAs, Channel Utilization of Correlated STA, and Channel 
Utilization of Uncorrelated STA.

[0076] Figure 4 shows an example of procedure for providing the BSS load IE of Figure 3 
by an AP to a non-AP STA.

[0077] In the example of Figure 4, the non-AP STA transmits to an AP a request frame for 
requesting channel correlation related information of Figure 3 to request a channel cor
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relation IE in an active scanning procedure. Thereafter, in response to the request 
frame, the channel correlation related information is obtained by receiving a response 
frame including the BSS load IE (of the Figure 3) containing the channel correlation 
related information. The non-AP ST A can utilize the obtained information in AP 
selection. As described above, the response frame may be transmitted without the 
request frame.

[0078] Hereinafter, the active scanning procedure will be described for two cases, i.e., a 
sounding PPDU based active scanning procedure and a null data packet (NDP) based 
active scanning procedure. The sounding PPDU based active scanning procedure will 
be first described. When a non-AP STA transmits a probe request frame, an AP 
receiving the probe request frame transmits a probe response frame in response to the 
probe request frame. In this case, the probe response frame may include a training 
request (TRQ) message for requesting the non-AP STA to transmit the sounding 
PPDU. Upon confirming the TRQ message included in the probe response frame, the 
non-AP STA transmits to the AP a request frame for requesting channel correlation 
related information. In this case, the request frame may act as the sounding PPDU. 
That is, the AP can perform channel estimation by using the request frame. The AP 
transmits to the non-AP STA a response frame including a BSS load IE in response to 
the request frame for requesting the channel correlation related information. The non
AP STA receives the response frame and can use information obtained by using the 
BSS load IE to determine an AP to be authenticated and associated with the non-AP 
STA.

[0079] In the NDP based active scanning procedure, the BSS load IE can be provided as 
follows. The non-AP STA and the AP exchange the probe request frame and the probe 
response frame. The non-AP STA transmits to the AP a request frame for requesting 
the channel correlation related information. The request frame includes an NDP an
nouncement message for reporting that the NDP will be transmitted subsequently. The 
non-AP STA transmits the NDP to the AP subsequently to the request frame. The AP 
performs channel estimation by using the NDP, and transmits to the non-AP STA the 
response frame including the BSS load IE containing the channel correlation related in
formation. A channel estimation result may be considered in information transmitted 
by being included in the BSS load IE.

[0080] For another example, the AP can broadcast the BSS load IE irrespective of the 
request of the non-AP STA. The non-AP STA can select the AP by considering the 
broadcast BSS load IE. The BSS load IE which is broadcast by the AP may include in
formation of antenna utilization and bandwidth utilization together with channel uti
lization.

[0081] The antenna utilization may be a value indicating a utilization of a usage amount of a 
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MU-MIMO spatial stream. The bandwidth utilization may be a value indicating a uti
lization of a channel bandwidth in use.

[0082] Figure 5 is an example of a BSS load IE format according to another embodiment of 
the present invention. The BSS load IE of Figure 5 allows a non-AP ST A for receiving 
the BSS load IE to be able to use a channel correlation between non-AP STAs 
supporting MU-MIMO and performance for a case where the non-AP STAs supporting 
MU-MIMO are co-scheduled.

[0083] The AP transmits the BSS load IE including a STA Count field, a Channel Uti
lization field, and an Available Admission Capacity field. The non-AP STA may 
consider the BSS load IE in AP selection to achieve overall network’s load balancing.

[0084] In one embodiment, the AP may transmit a beacon frame by including the BSS load 
IE. In this case, the BSS load IE may include the STA Count field, the Channel Uti
lization field, and the Available Admission Capacity field.

[0085] A non-AP STA supporting only SU-MIMO and a non-AP STA supporting MU- 
MIMO may coexist within a BSS. From the perspective of the AP, a case of 
transmitting and receiving data by utilizing a channel by the non-AP STAs supporting 
only SU-MIMO and a case of transmitting and receiving data by utilizing a channel by 
the STAs supporting MU-MIMO have to be both supported.

[0086] Figure 6 shows a utilization of a channel used from the perspective of an AP.
[0087] A time window in which the AP measures a load status may include a legacy or SU-

MIMO format channel busy period and idle period measured in a PHY layer, and may 
include a time duration in which an AP supporting MU-MIMO is serving data by using 
MU-MIMO.

[0088] In the time duration in which the AP transmits data by using MU-MIMO, the number 
of spatial streams (SSs) transmitted by the AP may not be the maximum transmissible 
number according to a situation. For example, it is assumed that there is only one STA 
supporting MU-MIMO, and the STA supports only one SS. In this case, the AP cannot 
use more than one SS in the time duration of MU-MIMO transmission, and thus a 
system operates with a system capacity lower than that can be serviced by the AP in 
practice. As a result, usage efficiency of radio resources decreases. There is a need for 
a method for effectively using MU-MIMO by allowing the AP supporting MU-MIMO 
to be able to fully utilize available capacity.

[0089] According to an embodiment of the present invention, the usage efficiency of radio 
resources can be increased by reporting a MU-MIMO utilization or a MU-MIMO 
under utilization to the non-AP STA. In the MU-MIMO (under) utilization according 
to the embodiment of the present invention, similar to the BSS load IE, a (under) uti
lization metric which considers a load in the reporting is calculated by utilizing spatial 
stream count information which is used (or not used) by the AP. That is, when cal
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culating the MU-MIMO (under) utilization, reporting can be performed by utilizing 
spatial stream information for MU-MIMO, a carrier sense (SS) busy time, time 
duration information for calculating reporting, etc.

[0090] Hereinafter, calculation of the MU-MIMO (under) utilization will be described in 
greater detail by taking an example.

[0091] Figure 7 shows a method of expressing a MU-MIMO utilization according to an em
bodiment of the present invention.

[0092] In the method of expressing the MU-MIMO utilization according to the embodiment 
of the present invention, instead of simply expressing whether a channel is busy or 
idle, a level of busyness is classified into several levels. For example, when there are 
remaining available spatial streams, it can be expressed by a low busy level, and when 
there is no available remaining spatial stream, it can be expressed by a maximum busy 
level. When a channel is idle, it can be expressed by a minimum busy level, a carrier 
sense (CS) busy time in which an AP does not perform MU-MIMO transmission can 
be expressed by a maximum busy level, and a utilization is expressed by an average 
busy level between the two levels. The busy level can be computed by the equation 2.

[0093] [Equation 2]
[0094] MUMIMO_Channel_Utilization = 

Integer((channel_busy_level_time/(maximum_busy_level x 
dotllChannelUtilizationBeaconlntervals x dot 11 BeaconPeriod x 1024)) x 255)

[0095] where
[0096] channel_busy_level_time is defined to be the number of microseconds multiplied by 

channel_busy_level during which the CS mechanism, as defined in section 9.2.1 of 
IEEE 802.11-2007 specification, has indicated a channel busy indication.

[0097] channel_busy_level is defined to be 0 for idle CS times, maximum_busy_level for 
CS instances where the AP did not transmit in MU-MIMO data transmission. 
channel_busy_level is between 0 and maximum_busy_level and linearly scaled to 
number of utilized spatial streams for CS instances where AP has transmitted in MU- 
MIMO data transmission.

[0098] (e.g. 1 channel_busy_level is equal to utilized spatial stream and
maximum_busy_level is equal to maximum supportable spatial streams for ST As in 
MU-MIMO transmission mode)

[0099] Figure 8 shows another example of a method of expressing a MU-MIMO utilization 
according to an embodiment of the present invention.

[0100] In another exemplary method of setting a MU-MIMO under utilization value, an 
under utilization is computed with several idle levels when an AP is busy due to 
ΜΙΜΟ data transmission, instead of expressing the under utilization with a simply idle 
level. In other words, MU-MIMO under utilization value may be defined as the 
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percentage(or fraction) of time that AP has under utilized spatial domain 
resources (spatial stream) for busy time of the wireless medium. When more than one 
channel is in use for the BSS, the spatial stream under utilization value may be 
claculated only for the primary channel. For example, when there are remaining 
available spatial streams, it is expressed by a high idle level. When there is no 
available spatial stream, it is expressed by a minimum idle level or a busy level. An 
under utilization is expressed by an average idle level between the two levels. The idle 
level can be computed by the equation 3.

[0101] [Equation 3]
[0102] MUMIMO_Channel_Under_Utilization = 

Integer((channel_idle_level_time/channel_MUMIMO_busy_time) x 255)
[0103] where
[0104] channel_MUMIMO_busy_time is defined to be the number of microseconds during 

the CS mechanism for MU-MIMO transmission at the AP.
[0105] channel_idle_level_time is defined to be the number of microseconds multiplied by 

channel_idle_level during which the CS mechanism, as defined in section 9.2.1 of 
IEEE 802.11-2007 specification, has indicated a channel busy indication.

[0106] (e.g. 1 channel_idle_level is equal to maximum supported spatial stream - utilized
spatial stream and maximum_idle_level is equal to maximum supportable spatial 
streams for a STA in MU-MIMO transmission mode)

[0107] (e.g.2 channel_idle_level is equal to min{maximum supported spatial stream for a
single MU-MIMO STA, maximum supported spatial stream - utilized spatial stream} 
and maximum_ idle _level is equal to maximum supportable spatial streams for a 
single STA in MU-MIMO transmission mode)

[0108] Figure 9 shows another example of a method of expressing a MU-MIMO utilization 
according to an embodiment of the present invention.

[0109] In another exemplary method of expressing a MU-MIMO under utilization, the 
ΜΙΜΟ under utilization computes an under utilization with several idle levels when a 
CS is idle and when an AP is busy due to ΜΙΜΟ data transmission, instead of ex
pressing the under utilization with a simply idle level. For example, when there are 
remaining available spatial streams, it is expressed by a high idle level. When there is 
no available spatial stream, it is expressed by a minimum idle level or a busy level. An 
under utilization is expressed by an average idle level between the two levels. The idle 
level can be computed by the equation 4.

[0110] [Equation 4]
[0111] MUMIMO_Channel_Under_Utilization =

Integer((channel_idle_level_time/(channel_idle_time + 
channel_MUMIMO_busy_time) x 255)



14

WO 2012/096441 PCT/KR2011/009175

[0112] where
[0113] channel_MUMIMO_busy_time is defined to be the number of microseconds during 

the CS mechanism for MU-MIMO transmission at the AP.
[0114] channel_idle_time is defined to be the number of microseconds during CS 

mechanism is not busy (i.e. idle).
[0115] channel_idle_level_time is defined to be the number of microseconds multiplied by 

channel_idle_level during which the CS mechanism, as defined in section 9.2.1 of 
IEEE 802.11-2007 specification, has indicated a channel busy indication.

[0116] (e.g. 1 channel_idle_level is equal to maximum supported spatial stream - utilized
spatial stream and maximum_idle_level is equal to maximum supportable spatial 
streams for a STA in MU-MIMO transmission mode, utilized spatial stream is zero for 
idle time instances)

[0117] (e.g.2 channel_idle_level is equal to min {maximum supported spatial stream for a
single MU-MIMO STA, maximum supported spatial stream - utilized spatial stream] 
and maximum_ idle _level is equal to maximum supportable spatial streams for a 
single STA in MU-MIMO transmission mode, utilized spatial stream is zero for idle 
time instances)

[0118] Hereinafter, a method of transmitting the aforementioned MU-MIMO utilization in
formation to a non-AP STA will be described.

[0119] Figure 10 shows an example of a BSS load IE format including MU-MIMO uti
lization according to an embodiment of the present invention.

[0120] Non-AP STAs not supporting MU-MIMO transmission and non-AP STAs 
supporting MU-MIMO transmission can coexist within a BSS. In order for both the 
non-AP STAs not supporting MU-MIMO transmission and the non-AP STAs 
supporting MU-MIMO transmission to be able to obtain information on a load status 
of the BSS, an AP can transmit a BSS load element as shown in the example of Figure 
2, and can additionally transmit a supported BSS load element including the in
formation on the load status of the BSS in a MU-MIMO transmission situation.

[0121] Figure 11 and Figure 12 show an example of a BSS load IE format.
[0122] Channel utilization information in MU-MIMO transmission is included in a MU- 

MIMO Channel Utilization field of Figure 11 and a MU-MIMO Channel Under Uti
lization field of Figure 12. The channel utilization information can be expressed by the 
number of spatial streams in use or the number of remaining available spatial steams. 
This will be described below in greater detail.

[0123] Figure 13 shows another example of a BSS load IE format.
[0124] In addition, in a BSS load element according to an embodiment of the present 

invention, MU-MIMO channel under utilization information can be transmitted 
together along with MU-MIMO channel utilization information.
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[0125] Meanwhile, any one channel can be used by a plurality of APs. For example, an 
overlapping BSS (OBSS) environment in which a BSA of different BSSs using the 
same channel overlaps partly or wholly can be assumed. In this environment, when any 
AP computes a load of a channel, it may be computed such that the channel is busy in 
a period in which another AP uses the channel. The AP can report information on a 
MU-MIMO load status (i.e., an un-used spatial stream count or a used spatial stream 
count) to non-AP STAs within a BSA of the AP only in a busy-time duration in which 
the AP performs MU-MIMO transmission.

[0126] Even if the AP performs SU-MIMO transmission, information on the un-used spatial 
stream count or the used spatial stream count can be reported to the non-AP STAs 
within the BSA of the AP in a time duration in which SU-MIMO transmission is 
achieved. When the AP transmits data to an STA not supporting MU-MIMO, the time 
duration can be determined to a busy-time.

[0127] A BSS load IE to be transmitted by the AP in the BSS supporting MU-MIMO may 
further include Current Throughput, Utilized Spatial Streams, Average Transmit 
bandwidth(BW), and Number of MU-MIMO capable STAs.

[0128] Current Throughput is a type of load status information, and can be defined as 
follows.

[0129] “Load = num_transmit_bytes / max_num_transmit_bytes”
[0130] Both num_transmit_bytes, and max_num_transmit_bytes are number of bytes in a 

observed time window similar to what is defined in the BSS load element channel 
utility definition

[0131] ‘transmit_bytes’ may count bytes regardless of whether or not particular packet has 
not been ACKed

[0132] The load is an indicator of how the medium is busy, so even if the transmitted packet
has not succeeded it still took a chunk of the medium access time

[0133] In the definition of Current Throughout, packets are still counted even if ACK is not 
received. This is to indicate a throughput used when a channel medium is consumed. 
However, since accurate AP’s throughput information can be requested in some cases, 
the throughput can be expressed in practice in throughput computation by counting 
only packets for which ACK is received and which are successfully received upon 
receiving ACK.

[0134] In Utilized Spatial Streams, average transmission spatial stream information can be 
expressed by computing an average spatial stream count in a metric manner within a 
time in which an AP sends a data PPDU to a MU-MIMO capable STA. Figure 14 
shows an example thereof.

[0135] “Load = average_num_transmit_ssl / max_num_transmit_ss”
[0136] In order to give insight on MU-MIMO capability, the ‘average_num_transmit_ssl’ 
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may be only computed using channel medium busy time in which the AP was serving 
data to MU-MIMO capable STAs

[0137] In another example of Utilized Spatial Streams, average transmission spatial stream 
information can be expressed by computing an average spatial stream count in a metric 
manner within a time in which an AP sends a data PPD to a MU-MIMO capable STA, 
and can be expressed by averaging a maximum spatial stream count defined in a 
medium busy period in which the AP does not send the data PPDU to the MU-MIMO 
capable STA. Figure 15 shows an example thereof.

[0138] “Load = average_num_transmit_ss2 / max_num_transmit_ss”
[0139] In order to give insight on MU-MIMO capability, the ‘average_num_transmit_ss2’ is 

computed across all channel medium busy time and may is equal to 
‘max_num_transmit_ss’ when the channel medium is busy because of other STA using 
the medium or AP serving data to non-MU-MIMO capable STAs

[0140] For STAs, it will be beneficial to get ratio in which STA could have been in SU or 
MU-MIMO transmission mode and information on expected under-utilized spatial 
dimension at AP side

[0141] Utility measurement method in Figure 14 lacks information on what would have 
been the ratio between under-utilized busy medium status and fully utilized busy 
medium status. SS utility measurement in Figure 14 close to 0 does not necessary 
mean MU-MIMO capable STAs were serviced frequently nor does it mean any future 
STAs will be serviced frequently in MU-MIMO

[0142] Current Throughput may not give spatial domain utilization information and may 
depict the wrong picture. Throughput loss can occur due to particular STAs channel 
conditions (link adaptation issues). Low throughput has not relationship between MU- 
MIMO capable STAs and channel utility.

[0143] The average transmit bandwidth (BW) is information regarding a bandwidth of a 
channel used by the AP. Average information of a transmission bandwidth utilized in 
the BSS may be delivered to the STA, which facilitates a process of selecting a BSS by 
the STA. This is because, even if channel utilization information of the same BSS load 
element is present, a transmission bandwidth in which a channel utility is used may 
differ on average in each BSS. In particular, when interference occurs in a specific 
band, a full bandwidth cannot always be used, and transmission and reception will be 
performed by partly adapting the bandwidth. Each BSS may have a different available 
bandwidth. Figure 16 shows an example thereof. If the primary subchannel is not 
affected by the interference, medium access and load of the primary subchannel is un
affected. Average BW utilization may not be the same even with same legacy BSS 
load utility

[0144] Transmission BW of an AP can be restricted by not only other BSS in different sub
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channels but also 3rd party wireless signals in 5GHz band. STAs wanting more 
throughput may want information an typical BW usage for a given BSS.

[0145] Number of MU-MIMO capable STAs denotes the number of non-AP STAs 
supporting MU-MIMO. MU-MIMO capable STAs might want to associate itself with 
BSS with more MU-MIMO capable advanced STAs in order to fully exploit potential 
MU-MIMO benefits.

[0146] Figure 17 shows a BS load IE format according to an embodiment of the present 
invention. Herein, a spatial stream utility metric is a MU-MIMO channel utility metric. 
In this case, a medium busy time utilized for a MU-MIMO capable ST A by an AP can 
be computed as spatial stream information actually used. Further, the remaining busy 
time can be assumed as maximum spatial stream information in computation.

[0147] The BSS load IE format may include a Spatial Stream Utility Metric field, a 
Bandwidth Utility Metric field, and a MU-MIMO Capable STA Count field. A length 
of each field of Figure 17 is for exemplary purposes only, and thus can be increased or 
decreased if necessary when implemented. A field transmission order and information 
included in the BSS load IE format of Figure 17 is information that can be included in 
the BSS load IE in the present invention, and can include the exemplified information 
wholly or partly.

[0148] Hereinafter, each field will be described in greater detail.
[0149] Spatial Stream Utility Metric may be represented as below.
[0150] Spatial Stream Utility Metric = ((spatial stream busy level time/

(max-spatial-stream-busy-level*channel  busy time))*255)
[0151] ‘spatial stream busy level time’ is defined to be total sum of ‘number-of spatial- 

streams’ multiplied by number of microseconds during which CS mechanism has 
indicated channel busy indication

[0152] ‘number-of-spatial-streams’ may be equal to transmitted number of spatial streams 
during which the AP has occupied the medium to transmit PPDU to MU-MIMO 
capable STA(s), otherwise (i.e. other channel busy instances) may be equal to 
‘max-spatial-stream-busy-level’

[0153] Bandwidth Utility Metric may be represented as below.
[0154] Bandwidth Utility Metric = ((transmit bandwidth busy time/ 

(max-transmit-bandwidth*BSS  medium busy time))*255)
[0155] ‘transmit bandwidth busy time’ is defined to be total sum of ‘transmit-bandwidth’ 

multiplied by number of microseconds during which device in the BSS (i.e. AP or non
AP STA which is associated with the AP) has been detected to occupy the medium 

[0156] ‘transmit-bandwidth’ may be equal to transmitted PPDU bandwidth, Where ‘BSS 
medium busy time’ is defined as number of microseconds during which device in the 
BSS (i.e. AP or non-AP STA which is associated with the AP) has been detected to 
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occupy the medium
[0157] Number of MU-MIMO capable STAs may be interpreted as an unsigned integer that 

indicates the total number of STAs with MU-MIMO transmission reception capability 
currently associated with this BSS.

[0158] Several measurement problems may arise in a process of reporting information on a 
bandwidth usable or available in any BSS. For example, measurement is impossible 
while an AP transmits a specific signal. In addition, according to implementation, there 
is a case where measurement cannot be performed simultaneously while decoding a 
PPDU which is being received. In order to solve the several problems, a bandwidth- 
related metric will be defined and a method of utilizing the metric will be described 
hereinafter according to an embodiment of the present invention.

[0159] Bandwidth Utility Metric according to the embodiment of the present invention can 
be reported in a state where a channel medium is idle (herein, idle means that a 
primary channel is idle in the specific BSS) by measuring whether a channel is idle for 
each available bandwidth, which can be used by a specific BSS in an idle state. In this 
case, the available bandwidth that can be used by the BSS may be 20 MHz, 40 MHz, 
80 MHz, 160 MHz, or 80+80 MHz. For example, through channel carrier sensing, 
each idle time is computed for various bandwidth such as 20/40/80/160 by including a 
primary subchannel, and a computation result is reported for each bandwidth. 
Reporting for each bandwidth may be a way of indicating a maximum bandwidth in an 
idle state.

[0160] In computation, a bandwidth utility value for a wider bandwidth may fully include an 
idle time computed in a smaller bandwidth utility. For example, if it is determined that 
a bandwidth of 40 MHz is idle, it is natural that a bandwidth of 20 MHz is idle. Thus, a 
40 MHz idle time can be included when computing a 20 MHz idle time. Alternatively, 
the 20 MHz idle time may not include the 40 MHz idle time in order to deliver a metric 
indicating that a channel medium other than 20 MHz was busy for other available 
bandwidths. Bandwidth Utility Metric can be reported by computing an average value 
of a metric which is idle for each bandwidth.

[0161] According to another embodiment, Bandwidth Utility Metric can be computed by 
using a bandwidth of a PLCP protocol data unit (PPDU) to be transmitted immediately 
before transmission of a specific PPDU by an AP in a BSS.

[0162] In a specific band other than a band in which transmission is performed, the AP 
cannot know whether another BSS uses the specific band while a PPDU is being 
transmitted. Therefore, it is difficult to compute an accurate bandwidth utility while the 
PPDU is transmitted.

[0163] Under the assumption that a status (i.e., whether it is an idle or not) for each 
bandwidth of a channel medium is maintained while the PPDU is transmitted,
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Bandwidth Utility Metric can be computed by using a bandwidth used in transmission 
of the PPDU.

[0164] When a specific PPDU is received by an AP in a BSS, a method of measuring a 
bandwidth spanned by the received PPDU and for computing whether a medium is 
busy for each bandwidth can be used. An average value of a metric which is busy for 
each bandwidth can be reported.

[0165] According to an embodiment, Bandwidth Utility Metrics obtained by the afore
mentioned two methods can be both reported or a sum of Bandwidth Utility Metrics 
can be reported. By transmitting both Bandwidth Utility Metrics or by reporting the 
sum of Bandwidth Utility Metrics, STAs to be associated can fully recognize whole in
formation regarding an idle and busy time according to corresponding information, 
thereby being able to select a suitable AP.

[0166] Figure 18 shows an example of a BSS load IE according to an embodiment of the 
present invention when channel utility information is reported for each bandwidth.

[0167] The BSS load IE may include a MU-MIMO capable STA Count field, a Spatial 
Stream Utility field and a plurality of BW utility fields. The MU-MIMO capable STA 
Count field indicates the total number of STAs with MU reception capability currently 
associated with the BSS. The STAs with MU reception capability support MU-MIMO 
transmission and/or reception. The Spatial Stream Utility field indicates the state of 
resource utilization. The state of resource utilization may be computed by the each 
method described with FIG. 6-17.

[0168] BW utility is reported for each bandwidth. Time information in a state where corre
sponding information is idle is reported for each bandwidth. A field containing in
formation on a bandwidth not supported in a corresponding BSS can be omitted in a 
generation procedure or a transmission procedure of the BSS load IE.

[0169] Bandwidth Idle Utility Metric may be represented as below.
[0170] Bandwidth Idle Utility Metric = ((idle_time_per_bandwidth/(BSS medium idle 

time))*255)
[0171] ‘idle_time_per_bandwidth’ is defined to be number of microseconds during which 

either 20/40/80/160MHz bandwidth has been detected to be idle,
[0172] Where ‘BSS medium idle time’ is defined as number of microseconds during which 

AP detected the medium of the primary channel to be idle.
[0173] When BW utility is information about busy time of each of the channel bandwidh, 

Bandwidth Busy Utility Metric may be represented as below.
[0174] Bandwidth Busy Utility Metric = ((busy_time_per_bandwidth/(BSS medium busy 

time))*255)
[0175] ‘busy_time_per_bandwidth’ is defined to be number of microseconds during which 

device in the BSS (i.e. AP or non-AP STA which is associated with the AP) has been 
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detected to occupy the medium for either 20/40/80/160MHz bandwidth
[0176] Where ‘BSS medium busy time’ is defined as number of microseconds during which 

device in the BSS (i.e. AP or non-AP STA which is associated with the AP) has been 
detected to occupy the medium

[0177] Figure 19 shows an example of a BSS load IE format when reporting both a BW idle 
metric and a BW busy metric.

[0178] Figure 20 is a block diagram showing a radio apparatus for implementing an em
bodiment of the present invention. A radio apparatus 2000 may be an AP or a non-AP 
STA.

[0179] The radio apparatus 2000 includes a processor 2010, a memory 2020, a transceiver 
2030, and multiple antennas 2050. The transceiver 2030 is configured to transmit and/ 
or receive a management frame of the present invention. The processor 2010 is func
tionally coupled to the transceiver 2030 and is configured to generate and process the 
management frame. The processor 2010 and the transceiver 2030 implement a PHY 
layer and a MAC layer of IEEE 802.11. The processor 2010 and/or the transceiver 
2030 may include an application-specific integrated circuit (ASIC), a separate chipset, 
a logic circuit, and/or a data processing unit. The memory 2020 may include a read
only memory (ROM), a random access memory (RAM), a flash memory, a memory 
card, a storage medium, and/or other equivalent storage devices. When the em
bodiment of the present invention is implemented in software, the aforementioned 
methods can be implemented with a module (i.e., process, function, etc.) for 
performing the aforementioned functions. The module may be stored in the memory 
2020 and may be performed by the processor 2010. The memory 2020 may be located 
inside or outside the processor 2010, and may be coupled to the processor 2010 by 
using various well-known means.

[0180] The aforementioned embodiments include various exemplary aspects. Although all 
possible combinations for representing the various aspects cannot be described, it will 
be understood by those skilled in the art that other combinations are also possible. 
Therefore, all replacements, modifications and changes should fall within the spirit and 
scope of the claims of the present invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of transmitting management information, performed by an access point 

(AP), in a wireless local area network system, the method including:

transmitting, to a station, a frame including a basic service set (BSS) load 

information element, the BSS load information element including a multi user (MU) 

multiple input multiple output (ΜΙΜΟ) capable STA count field and a plurality of 

bandwidth utilization fields,

wherein the MU-MIMO capable STA count field indicates a total number of STAs 

with MU reception capability currently associated with a candidate BSS managed by the 

AP, and

wherein each of the plurality of bandwidth utilization fields includes information 

about time that each corresponding channel width is busy, and

wherein the plurality of bandwidth utilization fields include:

a first utilization field corresponding to 40MHz channel width of the AP, 

and

a second utilization field corresponding to 80MHz channel width of the

AP.

2. The method of claim 1, the method further including:

receiving, from the station, a probe request frame for scanning the candidate BSS 

with which the station associate; and

wherein the frame is a probe response frame transmitted in response to the probe 

request frame.

3. The method of claim 2, wherein the information of each bandwidth utilization

field is defined as a percentage of time that the each corresponding channel width is busy.

4. The method of claim 3, wherein the percentage of time is linearly scaled with 255.

5. The method of claim 2, the method further including:

performing carrier sense mechanism for determining state of each channel width 

used to configure each of the plurality of bandwidth utilization fields.
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6. The method of claim 5, wherein the station determines a target BSS with which 

the station associates, based on the information indicated by the BSS load information 

element.

7. The method of claim 1, wherein the frame is a beacon frame broadcasted 

periodically.

8. An access point (AP) in a wireless local area network system, the AP including:

a memory; and

a processor operatively coupled with the memory and configured to:

transmit, to a station, a frame including a basic service set (BSS) load information 

element, the BSS load information element including a multi user (MU) multiple input 

multiple output (ΜΙΜΟ) capable STA count field and a plurality of bandwidth utilization 

fields,

wherein the MU-MIMO capable STA count field indicates a total number of STAs 

with MU reception capability currently associated with a candidate BSS managed by the 

AP and

wherein each of the plurality of bandwidth utilization fields includes information 

about time that each corresponding channel width is busy, and

wherein the plurality of bandwidth utilization fields include:

a first utilization field corresponding to 40MHz channel width of the AP, 

and

a second utilization field corresponding to 80MHz channel width of the

AP.

9. The AP of claim 8, the processor further configured to:

receive, from the station, a probe request frame for scanning the candidate BSS 

with which the station associate; and

wherein the frame is a probe response frame transmitted in response to the probe 

request frame.

10. The AP of claim 8, wherein the information of each bandwidth utilization field is 

defined as a percentage of time that the each corresponding channel width is busy.
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11. The AP of claim 8, the processor further configured to:

perform carrier sense mechanism for determining state of each of operating 

channel width used to configure each of the plurality of bandwidth utilization fields.

12. A method of receiving management information, performed by a station (STA), in 

a wireless local area network system, the method including:

receiving, from an access point (AP), a frame including a basic service set (BSS) 

load information element, the BSS load information element including a multi user (MU) 

multiple input multiple output (ΜΙΜΟ) capable STA count field and a plurality of 

bandwidth utilization fields,

wherein the MU-MIMO capable STA count field indicates a total number of STAs 

with MU reception capability currently associated with a candidate BSS managed by the 

AP and

wherein each of the plurality of bandwidth utilization fields includes information 

about time that each corresponding channel width is busy, and

wherein the plurality of bandwidth utilization fields include:

a first utilization field corresponding to 40MHz channel width of the AP, 

and

a second utilization field corresponding to 80MHz channel width of the

AP.

13. A device for a wireless local area network system, the device including:

a memory; and

a processor operatively coupled with the memory and configured to:

receive, from an access point (AP), a frame including a basic service set (BSS) 

load information element, the BSS load element including a multi user (MU) multiple 

input multiple output (ΜΙΜΟ) capable STA count field and a plurality of bandwidth 

utilization fields,

wherein the MU-MIMO capable STA count field indicates a total number of STAs 

with MU reception capability currently associated with a candidate BSS managed by the 

AP and

wherein each of the plurality of bandwidth utilization fields includes information 

about time that each corresponding channel width is busy, and
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wherein the plurality of bandwidth utilization fields include:

a first utilization field corresponding to 40MHz channel width of the AP, 

and

a second utilization field corresponding to 80MHz channel width of the

AP.

LG ELECTRONICS INC.

WATERMARK PATENT AND TRADE MARKS ATTORNEYS

P37796AU00
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