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(57) Abstract: A method and apparatus of scanning chan
nels of a white space zone in a wireless local area network 
is provided. A response frame includes a white space map 
including information about whether each white space 
channel in the white space zone is occupied by an incum
bent user. Channels of the white space zone are scanned 
based on the white space map.
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Description
Title of Invention: METHOD OF CHANNEL SCANNING IN 

WIRELESS LOCAL AREA NETWORK SYSTEM
Technical Field

[1] The present invention relates to a wireless local area network (WLAN), and more 
particularly, to a method of channel scanning, when a WLAN system is applied in an 
environment where it can coexist with another wireless communication system.

Background Art
[2] There are frequency bands in which different kinds of wireless communication 

systems can coexist. One example of the frequency bands is a TV white space. The TV 
white space is an idle frequency band reserved due to digitalization of an analog 
broadcasting. The TV white space is a spectrum of 512 to 698 MHz allocated to a 
broadcast TV. When a licensed device is not used in the corresponding spectrum, an 
unlicensed device can use the corresponding band.

[3] When IEEE 802.11 is used in the TV white space, there is an advantage in that the 
coverage is remarkably expanded due to the spectrum's characteristic. However, 
generally, as the coverage is expanded, the number of stations considerably increases. 
In this situation, a problem may arise in a capability of flexibly handling users with 
increase of the number of the users, i.e. scalability. Moreover, since several wireless 
communication systems coexist and several unlicensed devices coexist, a problem may 
arise in coexistence. If a Distributed Coordination Function (DCF) and an Enhanced 
Distributed Channel Access (EDCA) protocol of IEEE 802.11 are applied in this en
vironment, scalability may be more deteriorated.

[4] The DCF is a channel access mechanism used in IEEE 802.11 and is based on 
Carrier Sense Multiple Access/Collision Avoidance (CSMA/CA). Also, the EDCA is 
equivalent to a competition-based medium access method among channel access 
models suggested by a Hybrid Coordination Function (HCF) defined by expanding a 
general medium access control protocol of IEEE 802.11. Here, the HCF is a protocol 
defined in IEEE 802.1 le suggested to ensure Quality of Service (QoS).

[5] Further, when the protocol of IEEE 802.11 is applied in the TV white space, it is 
expected that overlapping Basic Service Sets (BSSs) will increase sharply. For 
example, if a user arbitrarily installs an Access Point (AP) supporting the TV white 
space, since the coverage of the AP is wide, an overlapping service area may increase.

[6] When the unlicensed device intends to use the TV white space, it should acquire an 
available channel in a corresponding area, using a geo-location database. In addition, a 
signaling protocol or a spectrum sensing mechanism is necessary to solve a problem in
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coexistence of the unlicensed devices using the TV white space.

[7] 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.

Disclosure of Invention
[8] It would be desirable to provide a channel scanning mechanism capable of 

guaranteeing coexistence of unlicensed devices using a white space.

[9] It would also be desirable to provide a channel scanning mechanism capable of 

reducing overhead with respect to spectrum sensing generated during a scanning process 

when a large number of channels are scanned.

[10] It would further be desirable to provide a method for exchanging channel 

information between an access point (AP) and a station (STA) to thus reduce power 

consumption of the station yet without degrading detection probability with respect to an 

incumbent user.

[11] In an aspect, a method of scanning channels for a white space zone in a wireless 

local area network is provided. The method includes transmitting a request frame from a 

scanning station to a response station, and receiving a response frame as a response of the 

request frame from the response station, wherein the response frame includes a white 

space map including information about whether each white space channel in the white 

space zone is occupied by an incumbent user, and scanning channels of the white space 

zone based on white space map.

[ 12] The method may further include sensing channels of the white space zone by the 

scanning station before transmitting the request frame. If an unoccupied channel in the 

white space zone with no incumbent user is found, the request frame may be transmitted.

[13] The request frame may be transmitted to the response station on the unoccupied 

channel.

[ 14] The request frame may include a scanning result of the channels of the white space 

zone.

[ 15] The white space map may include a channel number indicating an available TV 

channel.

[ 16] The white space map may be included in a frame body of the request frame.
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[ 17] The request frame may be a probe request frame, and the response frame may be a 

probe response frame.

[ 18] The request frame may be a management frame of the WSM request frame, and 

the response frame may be a management frame of the WSM response frame.

[19] The step of scanning channels of the white space zone may include determining a 

unoccupied channel based on the white space map, and scanning the unoccupied channel.

[20] In another aspect, a wireless apparatus is provided. The wireless apparatus 

includes a transceiver configured to receive a response frame, the response frame 

including a white space map including information about whether each white space 

channel in the white space zone is occupied by an incumbent user, and a processor 

configured to scan channels of the white space zone based on the white space map.

[21] Comprises/comprising and grammatical variations thereof when used in this 

specification are to be taken to specify the presence of stated features, integers, steps or 

components or groups thereof, but do not preclude the presence or addition of one or more 

other features, integers, steps, components or groups thereof.

Advantageous Effects of Invention
[22] In a white space zone, a scanning station can scan only unoccupied channels. 

Channel scanning may be performed faster and power consumption due to channel 

scanning may be reduced.

Brief Description of Drawings
[23] FIG. 1 illustrates the configuration of a wireless local area network (WLAN) 

according to an exemplary embodiment of the present invention.

[24] FIG,

[25] FIG

[26] FIG

[27] FIG

[28] FIG

2 is a view schematically showing a passive scanning scheme.

3 is a view schematically showing an active scanning scheme.

4 illustrates a format of a management frame in IEEE 802.11 standard.

5 is a view briefly showing an active scanning procedure.

6 is a flow chart illustrating the process of a channel scanning procedure

according to an exemplary embodiment of the present invention.

[29] FIG. 7 illustrates an example of WSM.

[30] FIG. 8 illustrates a channel scanning method using a WSM according to an 

exemplary embodiment of the present invention.
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[31] FIG. 9 is a schematic block diagram of wireless apparatuses implementing an 

exemplary embodiment of the present invention.

Mode for the Invention
[32] A management procedure in a wireless communication system and a device 

supporting the management procedure according to exemplary embodiments of the 

present invention will now be described with reference to the accompanying drawings. In 

the following description of the exemplary embodiments of the present invention, a 

wireless local area network (WLAN) system operating in a white space, among wireless 

communication systems, will be taken as an example, but it is merely illustrative and the 

technical idea of the present invention is not meant to be limited thereto. Thus, the 

exemplary embodiments of the present invention described
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hereinafter can be also applied in the same manner to any other wireless commu
nication systems that performs a process of scanning a plurality of channels than the 
WLAN system, except for the case not allowed in its properties. In this case, terms or 
words unique to the WLAN employed in the exemplary embodiments of the present 
invention may be properly altered to other terms or words commonly used in a corre
sponding wireless communication system.

[33] FIG. 1 is a schematic view showing an exemplary structure of a WLAN system 
according to an embodiment of the present invention.

[34] Referring to FIG. 1, a WLAN system such as the WLAN system includes one or 
more basis service sets (BSSs). The BSS is a set of stations (STAs) which are suc
cessfully synchronized to communicate with one another, and is not a concept in
dicating a specific region. The BSS can be classified into an infrastructure BSS and an 
independent BSS (IBSS). The infrastructure BSS is shown in FIG. 1. Infrastructure 
BSSs (i.e., BSS1 and BSS2) include one or more non-access point (AP) STAs (i.e., 
Non-AP STA1, Non-AP STA3, and Non-AP STA4), AP STAs (i.e., AP STA1 and AP 
STA2) which are STAs providing a distribution service, and a distribution system (DS) 
connecting the plurality of AP STAs (i.e., AP STA1 and AP STA2). In the infras
tructure BSS, an AP STA manages non-AP STAs of the BSS.

[35] On the other hand, the IBSS is a BSS operating in an ad-hoc mode. Since the IBSS 
does not include the AP, a centralized management entity for performing a 
management function in a centralized manner does not exist. That is, the IBSS 
manages the non-AP STAs in a distributed manner. In addition, in the IBSS, all STAs 
may consist of mobile STAs, and a self-contained network is configured since access 
to the DS is not allowed.

[36] The STA is an arbitrary functional medium including a medium access control 
(MAC) and wireless-medium physical layer interface conforming to the institute of 
electrical and electronics engineers (IEEE) 802.11 standard, and includes both an AP 
and a non-AP STA in a broad sense. The STA for wireless communication includes a 
processor and a transceiver, and also includes a user interface, a display means, etc.
The processor is a functional unit devised to generate a frame to be transmitted through 
a wireless network or to process a frame received through the wireless network, and 
performs various functions to control STAs. The transceiver is functionally connected 
to the processor and is a functional unit devised to transmit and receive a frame for the 
STAs through the wireless network.

[37] Among the STAs, non-AP STAs (i.e., STA1, STA3, STA4, and STA5) are portable 
terminals operated by users. A non-AP STA may be simply referred to as an STA. The 
non-AP STA may also be referred to as a terminal, a wireless transmit/receive unit 
(WTRU), a user equipment (UE), a mobile station (MS), a mobile terminal, a mobile
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subscriber unit, etc. In the following description, a non-AP ST A operating in a TV 
white space spectrum would be referred to as ‘non-AP WS STA’ or simply as ‘WS 
STA’.

[38] The AP (i.e., API and AP2) is a functional entity for providing access to the DS 
through a wireless medium for an associated STA. Although communication between 
non-AP STAs in an infrastructure BSS including the AP is performed via the AP in 
principle, the non-AP STAs can perform direct communication when a direct link is set 
up. In addition to the terminology of an access point, the AP may also be referred to as 
a centralized controller, a base station (BS), a node-B, a base transceiver system 
(BTS), a site controller, etc. In the following description, a AP STA operating in a TV 
white space spectrum would be referred to as ‘WS AP’.

[39] A plurality of infrastructure BSSs can be interconnected by the use of the DS. An 
extended service set (ESS) is a plurality of BSSs connected by the use of the DS. STAs 
included in the ESS can communicate with one another. In the same ESS, a non-AP 
STA can move from one BSS to another BSS while performing seamless commu
nication.

[40] The DS is a mechanism whereby one AP communicates with another AP. By using 
the DS, an AP may transmit a frame for STAs associated with a BSS managed by the 
AP, or transmit a frame when any one of the STAs moves to another BSS, or transmit 
a frame to an external network such as a wired network. The DS is not necessarily a 
network, and has no limitation in its format as long as a specific distribution service 
specified in the IEEE 802.11 can be provided. For example, the DS may be a wireless 
network such as a mesh network, or may be a physical construction for interconnecting 
APs.

[41] To access a network, an STA first performs a procedure of searching a network the 
STA can join. Before joining the wireless network, the STA must identify a compatible 
network, and the process of identifying a network present in a particular area is called 
scanning.

[42] Table 1 below shows types of parameters that can be used for the scanning procedure 
and brief descriptions therefor.

[43] Table 1
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[Table 1]

Name Type Valid range Description
BSSType Enumeration INFRASTRUCTURE,

INDEPENDENT,
ANY BSS

Determines whether infrastructure BSS,
IBSS, or both, are included in the scan.

BSSID MACAddress Any valid individual or 
broadcast MAC address

Identifies a specific or wildcard BSSID.

SS1D Octet string 0-32 octets Specifies the desired SS1D or the wildcard 
SSID.

ScanType Enumeration ACTIVE,
PASSIVE

Indicates either active or passive scanning.

ProbeDelay Integer N/A Delay (in microseconds) to be used prior to 
transmitting a Probe frame during active 
scanning.

ChannelList Ordered set of 
integers

Each channel will be 
selected from the valid 
channel range for the 
appropriate PHY and 
carrier set.

Specifies a list of channels that are examined 
when scanning for a BSS.

MinChannelTime Integer > ProbeDelay The minimum time (in TU) to spend on 
each
channel when scanning.

MaxChannelTime Integer > MinChannelTime The maximum time (in TU) to spend on 
each
channel when scanning.

V endorSpecificInfo A set of
information
elements

Zero or more information elements.

[44] The STA scans a network that can be accessible according to the parameter values of 
Table 1, and in this case, the STA performs scanning in an active scanning scheme or a 
passive scanning scheme according to a ScanType parameter value in Table 1.

[45] FIG. 2 schematically shows the passive scanning scheme. In the passive scanning 
scheme, the scanning STA waits for a beacon frame while moving each channel on a 
channel list. The channel list specifies a list of channels that are examined when 
scanning for a BSS. The beacon frame, one of management frames in IEEE 802.11, is 
periodically transmitted to inform about the presence of a wireless network, allow the 
scanning STA to search for the wireless network to join it. In an infrastructure 
network, an access point (AP) serves to periodically transmit the beacon frame.

[46] When the scanning STA receives the beacon frame, it buffers the beacon frame to 
acquire information about a BSS, and records the beacon frame information in each 
channel while moving to the channels.

[47] With reference to FIG. 2, a scanning STA 200 performs channel scanning in a 
particular channel according to the passive scanning scheme. If the scanning STA 200 
receives a beacon frame 215 transmitted by an API 210ofaBSSl and a beacon frame 
225 transmitted by an AP2 220 of a BSS2, but not a beacon frame 235 transmitted by 
an AP3 230 of a BSS3, the scanning STA 200 performs buffering that the two BSSs 
(BSS1 and BSS2) have been discovered from a current channel and moves to another 
channel. Repeatedly performing this process, the scanning STA 200 performs scanning 
on every channel on a channel list.
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[48] FIG. 3 schematically shows the active scanning scheme. In the active scanning 
scheme, the scanning ST A transmits a probe request frame, a management frame, 
transmitted to probe into an AP present nearby while moving each channel on the 
channel list, and waits for a pertinent response. In response to the probe request frame, 
a responder transmits a probe response frame to the scanning ST A. Here, the responder 
refers to an STA which has finally transmitted a beacon frame in a BSS of a channel 
which was being scanned. In an infrastructure BSS, an AP transmits a beacon frame, 
so the AP is the responder, while in an IBSS, STAs within the IBSS transmits a beacon 
frame by turns, so a responder is not fixed.

[49] With reference to FIG. 3, when a scanning STA 300 transmits a probe request frame 
305, a first responder 310 of the BSS1 and a second responder 320 of the BSS2, which 
have listened to it, unicast a first probe response frame 315 and a second probe 
response frame 325 to the scanning STA 300, respectively. Upon receiving the first 
and second probe response frames 315 and 325, the scanning STA 30 buffers BSS- 
related information from the received probe response frames, moves to a next channel, 
and performs scanning on the next channel in the same manner.

[50] FIG. 4 illustrates a format of the management frame in IEEE 802.11 standard. With 
reference to FIG. 4, a management frame includes a MAC header, a frame body, and 
an FCS. Details of the fields and subfields of the management frame are described in 
“IEEE Std 802.11-2007 (March 8, 2007) (Revision of IEEE Std 802.11-1999), IEEE 
Standard for Information Technology-Telecommunications and information exchange 
between systems-Local and metropolitan area networks-Specific requirements, Part 11: 
Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Speci
fications”, which is incorporated by reference herein.

[51] A frame control field in the MAC header includes a Type subfield and a Subtype 
subfield. A management frame, a control frame, and a data frame are discriminated 
according to the Type subfield value. For example, for the management frame, 2-bit 
Type subfield is set to 00. When the Type subfield is set to 00, a probe response frame, 
a beacon frame, and the like, are discriminated according to a setting of the Subtype 
field.

[52] The probe request frame is a management frame used for the STA to search for a 
nearby accessible network from a certain channel. For the probe request frame, the 
Type subfield of the frame control field is set to 00 and the Subtype subfield is set to 
0100.

[53] Table 2 below shows an example of information elements included in the probe 
request frame.

[54] Table 2
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[Table 2]

Order Information Notes

1 SSID

2 Supported rates

3 Request infonnation May be included if dot! lMultiDoinainCapabilityEiiablcd is tme.

4 Extended Supported Rates The Extended Supported Rates element is present whenever there 
are more than eight supported rates, and it is optional otherwise.

Last Vendor Specific One or more vendor-specific information elements may appear in 
this frame. This information element follows ah other information 
elements.

[55] With reference to Table 2, the probe request frame includes SSID, Supported rates, 
and may include information elements such as Request information, Extended 
Supported Rates, Vendor Specific. The SSID (Service Set ID) may be the name of a 
network having the length of 0 to 32 octets. In the probe request frame, the SSID may 
be set to an SSID of a particular network or may be set to a broadcast SSID (0 octet) to 
search for every network. The information element of Supported rates is a data transfer 
rate supported by the STA. The elements of SSID and Supported rates are used as a 
reference for determining whether it is compatible with a network.

[56] The probe response frame is a management frame which is unicast to the scanning 
STA in response to the probe request frame in the IEEE 802.11 standard, to inform 
about the presence of a network. In the probe response frame, the Type subfield of the 
frame control field is set to 00 and Subtype subfield is set to 0101.

[57] Table 3 below shows an example of information elements included in the probe 
response frame.

[58] Table 3 
[Table 3]

Order Information Notes

1 Timestamp

2 Beacon interval

3 Capability

4 SSID

5 Supported rates

6 EH Parameter Set The PH Parameter Set information element is present within
Probe Response frames generated by STAs using FH PHYs.

7 DS Parameter Set The HS Parameter Set information element is present within
Probe Response frames generated bv STAs using Clause 15,
Clause 18, and Clause 19 PHYs. ’ "

8 CF Parameter Set The CF Parameter Set information element is present only within 
Probe Response frames generated by APs supporting a PCF.

9 IBSS Parameter Set The IBSS Parameter Set information element is present only 
within Probe Response frames generated by STAs in an IBSS.

[59] With reference to Table 3, the probe response frame includes information elements 
such as Timestamp, Beacon interval, Capability, SSID, Supported rates, and the like. 
The information elements shown in Table 3 are merely illustrative, and the probe 
response frame may include additional information elements. The probe response
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frame transmits parameters of every beacon frame excluding a traffic indicator map 
(TIM). The TIM information element is an information element informing whether or 
not there is a buffered frame waiting to be transmitted. Because the STA that transmits 
the probe request frame is not associated yet, it does not need to know about the 
presence of the buffered frame waiting to be transmitted.

[60] FIG. 5 is a view briefly showing an active scanning procedure.
[61] With reference to FIG. 5, a scanning STA 500 moves to a particular channel and then 

waits until a ProbeDelay timer expires. If there is an incoming frame before the 
ProbeDelay timer expires, the channel is ascertained to be in use, so the scanning 
station 500 performs a scanning procedure. The scanning STA 500 gets accessing a 
medium by using a basic DCF accessing procedure of IEEE 802.11 standard, and 
transmits a probe request frame 502.

[62] In the example illustrated in FIG. 5, upon listening to the probe request frame 502 of 
the scanning STA 500, a responder 1510 transmits a probe response frame 515 to the 
scanning STA 500 and a responder 2 520 transmits a probe response frame 525 to the 
scanning STA 500. Here, the responders 510 and 520 may be an AP of the infras
tructure BSS or an STA which has transmitted a final beacon frame in the IBSS. The 
probe response frame 515 of the responder 1 510 is transmitted based on the DCF rule 
of IEEE 802.11 standard. Accordingly, the probe response frame 515 is transmitted 
through the process of a contention window 512.

[63] In the example illustrated in FIG. 5, Min_Probe_Response_Time 540 is a minimum 
response time. If a first response is made before the minimum response time lapses, 
another response is awaited until when a maximum response time
(Max_Probe_Response_Time) 550 expires. If there is no any other response until when 
the Max_Probe_Response_Time 550 expires, the scanning STA 500 determines that 
there are two BSSs in the channel.

[64] In this respect, however, immediately application of the active scanning scheme as 
described above to the WS STA operating in the TV white space environment is not 
proper. This is because a WS AP and the WS STA operating in the TV white space 
should provide a protection function with respect to a licensed device, and in this case, 
the licensed device has priority over the use of a corresponding band. The licensed 
device is a user allowed to use the corresponding band, which may be called by other 
names such as licensed user, primary user, incumbent user, and the like. In the 
following description, the incumbent user will be used as the licensed device.

[65] When the incumbent user such as a microphone is already using the corresponding 
channel, the use of the corresponding channel should be stopped in order to protect the 
incumbent user. Namely, the 802.11 STA needs to first check whether or not the corre
sponding channel has been occupied by the incumbent user in the channel scanning
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process. In other words, a procedure of sensing the channel is required to check 
whether or not there is an incumbent user in the corresponding channel before the 
related art channel scanning procedure.

[66] FIG. 6 is a flow chart illustrating the process of a channel scanning procedure 
according to an exemplary embodiment of the present invention.

[67] With reference to FIG. 6, the scanning STA selects a channel on the channel list 
(S600). Next, the scanning STA senses whether or not there is an incumbent user 
already occupying the selected channel (S620). In this case, an energy detection 
method, a signature detection method, or the like, may be used as the sensing 
mechanism. For example, if a signature of an incumbent user is detected in a corre
sponding frequency band according to the sensing result, it may be determined that 
there is an incumbent user in the corresponding frequency band.

[68] If there is an incumbent user upon determination of the presence of incumbent user 
according to the sensing result (S620), the scanning STA cannot perform scanning in 
the corresponding channel, so it returns to step S600 to select another channel. If there 
is no incumbent user, the scanning STA perform a scanning procedure.

[69] In this respect, regarding the TV white space frequency band of 512 MHz to 698 
MHz, if a bandwidth of an incumbent user channel is 6 MHz, two or more incumbent 
user channels may exist, so sensing whether or not there are incumbent users in the in
dividual incumbent user channels causes much overhead.

[70] Thus, the present invention proposes a channel scanning method in which in
formation about whether or not there is an incumbent user in an incumbent user 
channel is provided to the scanning STA to allow the scanning STA to omit the 
sensing procedure for an incumbent user channel known to have an incumbent user, 
thus solving a problem otherwise caused as every incumbent user channel is nec
essarily sensed.

[71] Subsequently, with reference to FIG. 6, if there is no incumbent user in the 
incumbent user channel, the scanning STA broadcasts a probe request frame (S630). A 
responder operating in the corresponding channel transmits a probe response frame to 
the scanning STA (S640). In case of the infrastructure BSS, the WS AP may transmit 
the probe response frame to the scanning STA (Hereinafter, the case where the 
responder is the WS AP in case of the infrastructure BSS will be taken as an example 
for the sake of brevity, but it is obvious that the technical idea of the present invention 
is also applicable to the IBSS). In this case, the probe response frame may include 
white space channel information the WS AP knows about, as an information element. 
In the following description, unless otherwise specified, the channel refers to a WS 
channel and an information element regarding WS channel information will be referred 
to as a white space map (WSM).
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[72] The WSM includes information about whether each channel is occupied by an 
incumbent user or IEEE 802.11 user. The WSM may also include information of 
sensing time. The channel information that is included in the WSM and a WSM format 
will be explained in full later.

[73] The WS AP may scan each channel or receive WSM from another WS AP or STA to 
update the WSM and keep the same. The WSM includes information regarding 
whether or not there is an incumbent user in each channel, or the like. Accordingly, 
upon receiving the probe response frame, the scanning STA recognizes whether or not 
there is an incumbent user in each channel through the WSM information element 
included in the probe response frame.

[74] Thereafter, the scanning STA reconfigures (reestablishes) scanning target channels 
based on the WSM (S650). Namely, the scanning STA excludes a channel known to 
have an incumbent user from the scanning target. And then, the scanning STA de
termines whether there is a channel which has not been scanned yet based on the re
configured channel list (S660). If there is no more channel which has not been scanned 
yet, the scanning STA terminates the channel scanning procedure, whereas if there is 
any channel which has not been scanned yet, the scanning STA returns to step S600 to 
repeatedly perform the process on every channel which has not been scanned yet and 
known not to have an incumbent user.

[75] According to a different exemplary embodiment, the WS STA may directly request 
the WSM from the WS AP. The WS AP also may directly request the WSM from the 
WS STA.

[76] In this case, the WS STA transmits a WSM request frame requesting transmission of 
the WSM from the counterpart WS AP. Upon receiving the WSM request frame, the 
WS AP transmits a WSM response frame including a WSM information element to the 
WS STA.

[77] The frame body of a management frame of the WSM request contains the in
formation shown in Table 4 below:

[78] Table 4 
[Table 4]

order Information
1 Category
2 Action
3 Dialog Token

[79] The frame body of a management frame of the WSM response contains the in
formation shown in Table 5 below:

[80] Table 5
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[Table 5]

order Information
1 Category
2 Action
3 Dialog Token
4 White Space Map(WSM)

[81] A WSM information element format will now be described in detail.
[82] FIG. 7 illustrates an example of WSM.
[83] The WSMincludes Element ID of identifying an element, Length informing about a 

length, and N number of WSM sub-elements. Here, N is the number of channels. 
Namely, each WSM A sub-element includes information of a single channel.

[84] A WSM sub-element may include Sub-element ID, Length, Sensing Time, Sensing 
Channel Number, and Sensing Report. The Sensing Time includes information about a 
time period during which sensing has been performed, which may be also indicated as 
a TSL time. The Sensing Channel Number indicates a channel number that has 
performed sensing. The Sensing Report indicates a sensing result with respect to a 
channel corresponding to the Sensing Channel Number.

[85] The Sensing Report may have a length of 1 octet and include a Primary User bit, an 
IEEE 802.11 WS User bit, an Unknown User bit. The Primary User bit indicates 
whether or not there is an incumbent user in a corresponding channel. For example, if 
there is an incumbent user in a corresponding channel, the Primary User bit may be set 
to 1, whereas if there is no incumbent user in the corresponding channel, the Primary 
User bit may be set to 0. The IEEE 802.11 WS User bit indicates whether or not there 
is an IEEE 802.11 WS user. The Unknown User bit may be used to indicate an 
unknown user detected in the corresponding channel. The unknown user is a user 
whose type of radio access cannot be identified by an AP.

[86] In a different exemplary embodiment of the present invention, a channel sensing 
result obtained by the scanning ST A after performing channel sensing may be provided 
to the WS AP. In this case, the result of channel sensing lately directly performed by 
the scanning STA may be delivered to the WS AP to reduce channel sensing targets of 
the WS AP, or the WSM of the WS AP may be updated with the latest information. To 
this end, when the scanning STA transmits the probe request frame to the WS AP, it 
may include a WSM information element in the probe request frame and then transmits 
the probe request frame.

[87] FIG. 8 illustrates a channel scanning method using a WSM according to an 
exemplary embodiment of the present invention. It is assumed that incumbent users 
exist in a first channel CHI, a second channel CH2, a third channel CH3, a fifth 
channel CH5, and a sixth channel CH6, a WS AP4 840 exists in a fourth channel CH4,
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and a WS AP7 870 exists in a seventh channel CH7.
[88] With reference to FIG. 8, a scanning STA 800 senses a channel in the CHI, CH2, 

and CH3. In this case, however, because there are incumbent users in the CHI, CH2, 
and CH3, the scanning STA 800 does not transmit a probe request frame.

[89] Since there is no incumbent user in the channel CH4, the scanning STA 800 
broadcasts a probe request frame 1 801. In this case, the probe request frame 801 
includes a WSM carrying the result (i.e., the information regarding the presence of 
incumbent users in the CHI, CH2, and CH3 of sensing previously performed by the 
scanning STA 800. Upon listening to the probe request frame 1 801, the WS AP4 840 
may update the WAM of the WS AP4 840 based on the WSM included in the probe 
request frame 801.

[90] The WS AP4 840 transmits a probe response framel 841 to the scanning STA in 
response to the probe request framel 801. In this case, the probe response framel 841 
includes the WSM carrying channel information (i.e., information regarding the 
presence of incumbent users in the CH5 and CH6) the WS AP4 840 knows about. 
According to the format of an exemplary embodiment of the present invention, in this 
case, the Primary User bit of the Sensing Report with respect to the CH5 and CH6 is 
set to 1, which is then transmitted.

[91] Upon receiving the probe response framel 841, the scanning STA 800 knows about 
the presence of the incumbent users in the CH5 and CH6 from the WSM included in 
the probe response framel 841, the scanning STA 800 immediately exchanges a probe 
request frame2 802 and a probe response frame2 872 with the WS AP7 870, without 
performing sensing on the CH5 and CH6. Thereafter, the scanning STA 800 performs 
scanning on the entirety of the following channels in the same manner as that of the 
process described above. Therefore, overhead that may be otherwise generated when 
all the channels are necessarily scanned can be reduced through the channel scanning 
method according to the exemplary embodiment of the present invention.

[92] FIG. 9 is a schematic block diagram of a wireless apparatuses implementing an 
exemplary embodiment of the present invention. An AP 900 includes a processor 910, 
a memory 920, a transceiver 930, and a STA 950 includes a processor 960, a memory 
970, and a transceiver 980. The transceivers 930 and 980 transmit/receive a radio 
signal and implement an IEEE 802 physical layer. The processors 910 and 960 are 
connected with the transceivers 930 and 960 to implement an IEEE 902 MAC layer. 
The processors 910 and 960 may implement the above-described channel scanning 
method.

[93] The processors 910 and 960 and/or the transceivers 930 and 980 may include an ap
plication-specific integrated circuit (ASIC), a different chip set, a logical circuit, and/or 
a data processing unit. The memories 920 and 970 may include a read-only memory
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(ROM), a random access memory (RAM), a flash memory, a memory card, a storage 
medium, and/or any other storage units. When an exemplary embodiment is im
plemented by software, the above-described scheme may be implemented as a module 
(process, function, etc.) performing the above-described functions. The module may be 
stored in the memories 920 and 970 and executed by the processors 910 and 960. The 
memories 920 and 970 may be disposed within or outside the processors 910 and 960 
and connected with the processors 910 and 960 via well-known means.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of scanning channels for a white space zone in a wireless local area 

network, the method including:

transmitting a request frame from a scanning station to a response station; 

receiving a response frame as a response of the request frame from the response

station, wherein the response frame includes a white space map including information 

about whether each white space channel in the white space zone is occupied by an 

incumbent user; and

scanning channels of the white space zone based on white space map.

2. The method of claim 1, further including sensing channels of the white space zone 

by the scanning station before transmitting the request frame.

3. The method of claim 2, wherein if an unoccupied channel in the white space zone 

with no incumbent user is found, the request frame is transmitted.

4. The method of claim 2, wherein the request frame is transmitted to the response 

station on the unoccupied channel.

5. The method of claim 2, wherein the request frame includes a scanning result of the 

channels of the white space zone.

6. The method of any one of the preceding claims, wherein the white space map 

includes a channel number indicating an available TV channel.

7. The method of any one of the preceding claims, wherein the white space map is 

included in a frame body of the request frame.

8. The method of any one of the preceding claims, wherein the request frame is a 

probe request frame, and the response frame is a probe response frame.
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9. The method of any one of the preceding claims, wherein the request frame is a 

management frame of the WSM (white space map) request, and the response frame is a 

management frame of the WSM response.

10. The method of any one of the preceding claims, wherein the step of scanning 

channels of the white space zone includes:

determining a unoccupied channel based on the white space map; and 

scanning the unoccupied channel.

11. A wireless apparatus including:

a transceiver configured to receive a response frame, the response frame including 

a white space map including information about whether each white space channel in a 

white space zone is occupied by an incumbent user; and

a processor configured to scan channels of the white space zone based on the 

white space map.

12. A method of scanning channels for a white space zone in a wireless local area 

network, substantially as herein before described with reference to the accompanying 

drawings.

13. A wireless apparatus substantially as herein before described with reference to the 

accompanying drawings.
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[Fig. 7]
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[Fig. 8]
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