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(57) Abstract: A method and apparatus of control
ling a transmit power in a wireless local area net
work is provided. A wireless device operated in a 
TV White Space transmits a white space map indi
cating a list of available channels, and transmits an 
extended power constraint indicating a plurality of 
transmission channels and a plurality of maximum 
transmit powers, wherein the plurality of transmis
sion channels are selected among the list of avail
able channels and each of the plurality of maxi
mum transmit powers corresponds to a maximum 
transmit power for each of the plurality of trans
mission channels. Interference can be mitigated be
tween wireless devices operated in the TV White 
Space.
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Description
Title of Invention: METHOD AND APPARATUS OF TRANSMIT 
POWER CONTROL IN WIRELESS LOCAL AREA NETWORK

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

method and apparatus for controlling a transmit power in a wireless local area network.

Background Art
[2] With recent development of information and communications technology, various 

wireless communications technology has been developed. Among them, a wireless 

local area network (WLAN) is technology that allows portable user equipment such as 

a personal digital assistant (PDA), a laptop computer, a portable multimedia player 

(PMP), etc. in a home, an enterprise or a certain service providing zone to have 

wireless access to high-speed Internet on the basis of radio frequency technology.

[3] It is presupposed that communications in the WLAN based on institute of electrical 

and electronics engineers (IEEE) 802.11 standards are performed within a zone called 

a basic service set (BSS). The BSS zone has a somewhat indefinite boundary since it 

may vary depending on propagating characteristics of a wireless medium. Such a BSS 

is basically divided into two configurations of an independent BSS (IBSS) and an in

frastructure BSS. The former indicates a BSS that forms a self-contained network and 

does not allows access to a distribution system (DS), and the latter indicates a BSS that 

includes one or more access points (AP), a distribution system, etc. and generally 

employs the AP in all communications including communication between stations.

[4] The station (STA) having desire to access a wireless network may use two scanning 

methods for searching an accessible wireless network (BSS or IBSS), i.e., a candidate 

AP or the like.

[5] One is passive scanning, which uses a beacon frame transmitted from the AP (or 

STA). That is, the STA having desire to access a wireless network periodically 

receives the beacon frames from the AP or the like managing a relevant BSS (or 
IBSS), thereby finding the accessible BSS or IBSS.

[6] The other is active scanning. The STA having desire to access the wireless network 

first transmits a probe request frame. Then, the STA or AP that receives the probe 

request frame responds with a probe response frame.

[7] TV Whitespace includes channels allocated to broadcast TV, which are permitted to 

be used by cognitive radio device. TV White Space may include UHF band and VHF 

band. The spectrum (hereinafter, can be called as 'White Space') not used by a licensed 

device can be used by an unlicensed device. The frequency band permitted to be used



2

20
11

21
15

28
 

08
 A

ug
 2

01
2 by unlicensed device can be differently defined for each country. Generally, this frequency band comprises 54-698 MHz (US, Korea), and some of this frequency band can't be used for the unlicensed device. Here, 'licensed device' means a device of the user permitted in this frequency band, and can be differently called as 'primary user', or 'incumbent user'. The unlicensed device, which wishes to use the TV White Space (TVWS), shall acquire information for available channel list at its location.[8] An unlicensed device should provide a protection mechanism for the incumbent user. That is, the unlicensed device should stop using a specific channel, when an incumbent user, such as wireless microphone, is using that specific channel. For this purpose, spectrum sensing mechanism is required. Spectrum sensing mechanism comprises Energy Detection scheme, Feature Detection scheme, etc. By using this mechanism, unlicensed device determines that the channel is used by an incumbent user, when the strength of the primary signal is greater than a predetermined level, or when Digital Television (DTV) Preamble is detected. And, the unlicensed device (station or access point) shall lower its transmit power, when it is detected that the neighboring channel, next to the channel used by the unlicensed device, is used by the incumbent user.[9] On the other hand, in order to efficiently operate the unlicensed device on TVWS, more discussion is needed on an enabling mechanism of letting the unlicensed device to operate in TVWS, how efficiently the unlicensed device finds the network to be connected, how the information for the available channel in TVWS is efficiently acquired, efficient format of that information, and efficient signaling mechanism to exchange this information, etc.[9a] 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.[9b] Comprises/comprising and grammatical variations thereof when used in thisspecification are to be taken to specify the presence of stated features, integers, steps orcomponents or groups thereof, but do not preclude the presence or addition of one or moreother features, integers, steps, components or groups thereof.
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Disclosure of Invention[10] In accordance with a first aspect of the invention, there is provided a method of controlling a transmit power of a wireless device in a wireless local area network, the method including: transmitting a frame including a transmit power information element including one or more maximum transmit power fields, wherein the transmit power information element includes maximum transmit power information for one or more channel bandwidths.[11] In accordance with another aspect of the invention, there is provided a wireless device for controlling a transmit power in a wireless local area network, the wireless device including: a processor configured to transmit, through an interface unit, a frame including a transmit power information element including one or more maximum transmit power fields, wherein the transmit power information element includes maximum transmit power information for one or more channel bandwidths.[ 12] Each of the one or more maximum transmit power fields may define a maximum transmit power for each of the one or more channel bandwidths.[13] The transmit power information element may include maximum transmit power information for all channel bandwidths supported for the wireless device.[14] The transmit power information element may include at least one of: a first maximum transmit power field defining maximum transmit power allowable in a bandwidth of a first size, a second maximum transmit power field defining maximum transmit power allowable in a bandwidth of a second size, a third maximum transmit power field defining maximum transmit power allowable in a bandwidth of a third size, and a fourth maximum transmit power field defining maximum transmit power allowable in a bandwidth of a fourth size.[15] The frame including the transmit power information element may be a beacon frame or a probe response frame.[ 16] The frame including the transmit power information element may be advertised by an access point.[ 16a] The transmit power information element can be used for transmit power control.
Advantageous Effects of Invention[17] Interference can be mitigated between wireless devices operated in a TV WhiteSpace.
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Brief Description of Drawings[18] FIG. 1 shows a wireless local area network (WLAN) system to implement the present invention.[19] FIG. 2 is a flowchart showing a method of controlling the transmit power according to an exemplary embodiment of the present invention.[20] FIG. 3 shows an example of using a channel in a TV WS band.[21] FIG. 4 shows an example of assigning a transmission channel according to an exemplary embodiment of the present invention.[22] FIG. 5 is a flowchart showing a method for the transmit power constraint according to an exemplary embodiment of the present invention.[23] FIG. 6 is a block diagram showing a format of the beacon frame according to an exemplary embodiment of the present invention.[24] FIG. 7 shows another example of a channel power constraint field.[25] FIG. 8 is a flowchart showing a method for controlling a transmit power according to
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[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

another exemplary embodiment of the present invention.
FIG. 9 is a block diagram showing a format of the probe response frame according to 

an exemplary embodiment of the present invention.

FIG. 10 is a block diagram showing an extended power constraint including a device 

type.

FIG. 11 is a block diagram showing examples of extended power constraint.

FIG. 12 is a block diagram of a wireless device to implement the present invention.

Mode for the Invention
FIG. 1 shows a wireless local area network (WLAN) system to implement the 

present invention.
Referring to FIG. 1, a WLAN system includes one or more basic service set (BSS). 

The BSS is a group of stations (STA) which can successfully synchronize and com

municate with one another, and does not mean a certain zone.

An infrastructure BSS (BSS1, BSS2) includes one or more non-access point (AP) 

STAs (non-AP STA1, non-AP STA2, non-AP STA2); APs (AP STA1, AP STA2) 

providing distribution service; and a distribution system (DS) connecting the plurality 

of APs (AP STA1, AP STA2). In the infrastructure BSS, the AP manages the non AP 

STAs.

On the other hand, an independent BSS (IBSS) is a BSS that operates in an Ad-Hoc 

mode. Since the IBSS does not include the AP, there is no centralized management 

entity that performs centralized management. That is, in the IBSS, the non-AP STAs 

are managed in a distributed manner. In the IBSS, all STAs may be provided as mobile 

STAs and constitute a self-contained network since access to the DS is not allowed.

The STA is a predetermined functional medium having a medium access control 

(MAC) and a physical layer interface for a wireless medium, based on institute of 

electrical and electronics engineers (IEEE) 802.11 standards, which broadly includes 

both the AP and the non-AP STA.

The STA may be called a mobile terminal, a wireless device, a wireless terminal, a 

mobile station (MS), a mobile subscriber unit, or the like.

The AP is a functional entity that provides access to the DS via a wireless medium 
for the STA associated with the AP. In the infrastructure BSS including the AP, com

munication between the non-AP STAs is basically performed via the AP, but direct 

communication between the non-AP STAs may be possible if a direct link is set.

The plurality of infrastructure BSSs may be connected to one another through the 

distribution system (DS). The plurality of BSSs connected through the DS is called an 

extended service set (ESS). The STAs included in the ESS can communicate with one 

another, and the non-AP STAs within one ESS can move from one BSS to another
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BSS while performing the communication without disconnection.

[38] The DS is a mechanism that enables one AP to communicate with another AP. 

Through the DS, the AP can transmit a frame for the STAs associated with the BS 

managed by the AP, transmit a frame when one STA moves to another BSS, or 

transmit a frame to an external network such as a wired network or the like. The DS is 

not necessarily a network, but may be achieved without any limitation as long as it can 

provide predetermined distribution service based on IEEE 802.11. For example, the DS 

may be a wireless network such as a mesh network, or a physical structure connecting 

the APs with one another.

[39] In order for an unlicensed device to operate in TVWS such as a frequency domain 

where the unlicensed device is permitted to operate at a given time in a given geo

graphical area with regard to a licensed device, the unlicensed device should acquire 

information for available channels in TVWS not used by incumbent users. The most 

casual approach for this is defining such that all the unlicensed devices performs 

sensing whether there is a primary signal of the incumbent user on each of the channels 

in TVWS. However, it may cost huge overhead, thus another approach can be using a 

regulatory database, such as TV band database which includes information which of 

the channels are available for the WLAN operation at specific geographic location.

[40] As stated above, the unlicensed device including STA should provide a protection 

mechanism for the incumbent user. That is, if a specific channel is used by an 
incumbent user, such as wireless microphone, the unlicensed device should stop using 

this channel. For that purpose, the unlicensed device can perform spectrum sensing to 

find whether a specific channel is used by a primary user. Spectrum sensing 

mechanism, which can be used, includes Energy Detection scheme, Feature Detection 

scheme, etc.

[41] If the unlicensed device finds that the strength of the primary signal is higher than a 

predetermined level, or if the unlicensed device detects the Digital Television (DTV) 

preamble, the unlicensed device may determine that that channel is used by an 

incumbent user. And, if the unlicensed device determines on a specific channel that the 

neighboring channel next to the specific channel is used by the incumbent user, the un

licensed device should lower its transmission power to protect the incumbent user.

[42] FIG. 2 is a flowchart showing a method of controlling the transmit power according 

to an exemplary embodiment of the present invention.

[43] Referring to FIG. 2, a first STA transmit a white space map to a second STA (S210). 

The white space map includes a list of identified available channels and/or corre

sponding maximum allowed transmission powers for each available channel. Actual 

maximum of transmission power level is decided depending on the channel bandwidth 

and the maximum allowed transmission powers per available channel. The first STA
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may generate the white space map based on TV channel information from TV bands 

database system or its own spectrum sensing.

[44] The first STA transmits channel information and maximum transmit power in

formation to the second STA (S220). The channel information indicates transmission 

channels selected among the list of available channels. The maximum transmit power 

information indicates the maximum transmit powers for the transmission channels. The 

first STA and the STA operate on each transmission channel at a transmit power below 

a maximum transmit power corresponding to each transmission channel.

[45] Upon receiving the channel information and the maximum transmit power in

formation, the second STA which may be a AP may advertise the channel information 

and the maximum transmit power information to its dependent STAs.

[46] The first STA and second STA may receive and transmit data frames at the 

transmission channels (S230).

[47] The channel information and the maximum transmit power may be varied depending 

on the conditions of the frequency band. Thus, the first STA may update the corre

sponding information and transmit the updated information to the second STA. To 

update the channel information and the maximum transmit power information, the first 

STA may confirm whether other WLAN systems or a different kind of communication 

systems is using the frequency band, which may be performed by sensing a signal 

transmitted from other wireless devices. Also, the first STA may acquire information 
about the state of the usage by accessing a database where the channel information or 

the maximum transmit power information are updated.

[48] The first STA may send an action frame that contains the channel information and 

the maximum transmit power information. The action frame may be a beacon frame 

used for a passive scan or a probe response frame as a response to a probe request 

frame used for an active scan.

[49] If the channel information and the maximum transmit power information is peri

odically updated, the updated information may be transmitted as being included in a 

beacon frame periodically transmitted.

[50] A master device may transmit the channel information and the maximum transmit 

power information to wireless devices (which is called as dependent devices). The 

master device may be an AP or a non-AP STA. The master device selects transmission 

channels and their maximum transmit powers based on a database.

[51] The transmission channels and the maximum transmit powers may be different 

depending on the types of STA. Thus, the master device may send the type of service- 

target STA as well as the channel information and the maximum transmit power in

formation.

[52] A STA may perform sensing with regard to each channel of the TV WS band, or may
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request other STA to report a sensing result.

[53] If the STA can access a database containing information related to a channel state of 

the TV WS band, the STA can acquire the channel information without performing 

spectrum sensing.

[54] The STA grasps the state of each channel through the channel information, and shifts 

to an available channel if a used channel is not available anymore as a licensed user 

appears. As necessary, the STA may previously set up a preliminary channel to be used 

when the used channel is not available anymore.

[55] If a certain channel available for the STA is adjacent to a channel being occupied by 

the licensed user, interference may occur when the STA uses the certain channel. Ac

cordingly, there is a need for a method of mitigating the interference. To this end, there 

has been proposed a method of constraining a transmit power with regard to a channel 

to be used by the STA.

[56] FIG. 3 shows an example of using a channel in a TV WS band.

[57] In the TV WS, an unlicensed device such as an AP and a STA can generally use 

about 30 channels each of which has a bandwidth of 6MHz. As a precondition for 

using these channels, a certain desired channel has not to be occupied by the licensed 

user.

[58] Suppose that each of channels 32a and 32b being used by the licensed user has a 

bandwidth of 6MHz. In the conventional IEEE 802.11a standard, since the STA 
supports at least one of 5MHz, 10MHz and 20MHz, let the AP and the STA have a 

standard channel bandwidth of 5MHz. Thus, the AP and the STA can support a 

channel bandwidth of 10MHz or 20MHz by regarding 5MHz as the standard 

bandwidth, according to how many WS channels are successively unoccupied.

[59] Here, a transmission channel refers to a physical wireless resource that is used by an 

unlicensed device for transmitting a frame or the like wireless signal in a certain 

frequency band.

[60] Suppose that the STA can use a central band 31 in the TV WS, the licensed user is 

occupying both adjacent channels 32a and 32b adjacent to the central band 31, and the 

central band 31 is a bandwidth of the transmission channel. The STA has to decrease 

the transmit power of the transmission channel 31 when sensing a signal of the 

licensed user in the WS channels 32a and 32b adjacent to the transmission channel 31 

being used by the STA. This is to reduce the interference with the licensed user.

[61] For example, even though allowable maximum transmit power of the STA is 

lOOmW, the maximum transmit power may be limited to 40 through 50mW when the 

adjacent WS channels 32a and 32b are being occupied by the licensed user. Because of 

the above, there is no need of directly associating a broader bandwidth of a 

transmission channel with a higher throughput in consideration of such a transmit
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power constraint. In some cases, higher transmit power may be more effective instead 

of using a transmission channel having a relatively narrow bandwidth.

[62] If three WS channels each having the bandwidth of 6MHz are unoccupied in the TV 

WS band, an available band is 18MHz. The ST A can transmit and receive a frame 

through the transmission channel having a bandwidth of lOMNz in the foregoing band. 

However, emptiness of three successive WS channels means that the adjacent WS 

channels at both sides are being occupied by the licensed user. Therefore, when the 

frame is transmitted using the transmission channel having the bandwidth of 10MHz, 

the transmit power has to be constrained to 40 through 50mW so as to protect the 

licensed user occupying the adjacent WS channels.

[63] There may be an environment having a high gain when using low transmit power in a 

broad band, but there may be an environment having a low gain when using high 

transmit power in a narrow band. Also, if the transmit power is lowered, coverage is 

reduced and a hidden node problem may arise.

[64] Below, embodiments related to the transmit power constraint for protecting the 

licensed user will be proposed. For example, the following exemplary embodiments 

show that the transmission channels used by the ST As have bandwidths of 5MHz, 

10MHz and 20MHz, and have a normal allowable maximum transmit power of 

lOOmW and a constrained maximum transmit power of 40mW.

[65] FIG. 4 shows an example of assigning a transmission channel according to an 
exemplary embodiment of the present invention.

[66] Referring to FIG. 4, suppose that there are seven channels CHI - CH7 in the TV WS 

band, in which middle channels CH2 - CH6 are empty and the licensed user occupies 

the channels CHI and CH7.

[67] Because five channels are empty WS channels, an empty frequency band is 30MHz. 

With respect to a center frequency fc in the empty frequency band, the bandwidth 

available for the STA is at least one of 5MHz, 10MHz and 20MHz.

[68] If the STA uses a transmission channel having a bandwidth of 5MHz, the maximum 

transmit power of lOOmW can be used since there is no adjacent channel occupied by 

the licensed user. Likewise, if the STA uses a transmission channel having a 

bandwidth of 10MHz, the maximum transmit power of lOOmW can be used since there 

is no adjacent channel occupied by the licensed user.

[69] On the other hand, if the STA uses a transmission channel having a bandwidth of 

20MHz, the maximum transmit power is constrained to 40mW because there is an 

adjacent WS channel occupied by the licensed user.

[70] FIG. 5 is a flowchart showing a method for the transmit power constraint according 

to an exemplary embodiment of the present invention.

[71] A first STA 510 and a second STA 520 acquire a white space map (S510). The white
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space map may be acquired based on TV channel information from TV bands database 

system or its own spectrum sensing. The second STA 520 which acquires the white 

space map may send the white space map to the first STA 510.

[72] An unlicensed user having no priority for using the TV WS band confirms whether 

the licensed user having the priority exists or not through periodic channel sensing, and 

immediately stops using the currently occupied channel if there exists the licensed 

user.

[73] The first STA 510 receives a beacon frame including an extended power constraint 

from the second STA 520 (S520). The beacon frame is a management frame that 

includes network information of the infrastructure BSS configured by the second STA 

520. The second STA may be a AP.

[74] The first STA 510 and second STA 520 may receive and transmit data frames based 

on the extended power constraint (S530).

[75] The extended power constraint indicates transmission channels and maximum 

transmit powers. The transmission channels are selected among the list of available 

channels in the white space map. The first STA 510 can acquire information about WS 

channels and their power constraints by receiving the beacon frame, and thus 

determine the maximum allowable transmit power for each transmission channel.

[76] FIG. 6 is a block diagram showing a format of the beacon frame according to an 

exemplary embodiment of the present invention.
[77] Referring to FIG. 6, a beacon frame includes a media access control (MAC) header 

50, a frame body 60, and a frame check sequence (FCS) 70.

[78] The frame body 60 includes a timestamp field 61, a beacon interval field 62, a ca

pability field 63, and an extended power constraint field 600.

[79] The timestamp field 61 includes information used for time synchronization. The 

beacon interval field 62 includes information about an interval at which the beacon 

frame is transmitted. The capability field 63 includes information about a condition 

required for communication between a AP and a STA in the BSS.

[80] The extended power constraint field 600 includes an extended power constraint 

including information about constraining the transmit power used for each 

transmission channel. The extended power constraint field 600 may include an element 

identifier (ID) field 610, a length field 620, and one or more channel power constraint 

fields 631. In this exemplary embodiment, two channel power constraint fields are 

shown, but not limited thereto.

[81] The element ID field 610 indicates that a corresponding information element is the 

extended power constraint. The length field 620 indicates the length of the extended 

power constraint field 600.

[82] A channel power constraint field 631 includes a channel bandwidth subfield 631a in
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dicating a channel bandwidth of a transmission channel, and a maximum transmit 

power subfield 631b indicating the maximum transmit power of the transmission 

channel.

[83] The transmission channel bandwidth subfield 631a denotes a channel bandwidth 

available for the STA. The maximum transmit power subfield 631b denotes the 

maximum transmit power allowable in the channel bandwidth indicated by the 

transmission channel bandwidth subfield 631a.

[84] In the example of FIG. 4, the maximum transmit power of lOOmW may be given to 

the transmission channel having a bandwidth of 5MHz, the maximum transmit power 

of lOOmW may be given to the transmission channel having a bandwidth of 10MHz, 

and the maximum transmit power of 40mW may be given to the transmission channel 

having a bandwidth of 20MHz. Thus, the extended power constraint field 600 includes 

three channel power constraint fields.

[85] On the basis of the extended power constraint, a STA may determine a transmit 

power of a transmission channel within a range of the maximum transmit power 

constraint.

[86] FIG. 7 shows another example of a channel power constraint field.

[87] A channel power constraint field 731 includes a channel number subfield 731a and a 

maximum transmit power subfield 731b.

[88] The channel number subfield 731a indicates a channel number used to identify a 
transmission channel. The maximum transmit power subfield 731b indicates a 

maximum transmit power allowable to the transmission channel.

[89] In the example of FIG. 4, the channel number subfield 731a may indicate one among 

the channels CH2 through CH6. If the WS channel number subfield 731a indicates one 

among the channels CH3 through CH5, the maximum transmit power may be given as 

lOOmW. If the WS channel number subfield 731a indicates one between the channels 

CH2 and CH6, the maximum transmit power may be given as 40mW.

[90] FIG. 8 is a flowchart showing a method for controlling a transmit power according to 

another exemplary embodiment of the present invention.

[91] A first STA 810 and a second STA 820 acquire a white space map (S810). The white 

space map may be acquired based on TV channel information from TV bands database 

system or its own spectrum sensing. The second STA 820 which acquires the white 

space map may send the white space map to the first STA 810.

[92] The first STA 810 transmits a probe request frame to the second STA 820 to initiate 

active scanning (S820).

[93] As a response to the probe request frame, the second STA 820 sends a probe 

response frame including an extended power constraint to the first STA810 (S830).

[94] The first STA 810 and second STA 820 may receive and transmit data frames based
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on the extended power constraint (S840).

[95] FIG. 9 is a block diagram showing a format of the probe response frame according to 

an exemplary embodiment of the present invention.

[96] Referring to FIG. 9, a probe response frame includes a MAC header 80, a frame body 

90 and a FCS 100.
[97] The frame body 90 includes a timestamp field 91, a beacon interval field 92, a ca

pability field 93, and an extended power constraint field 600. These fields are the same 

as the timestamp field 61, the beacon interval field 62, the capability field 63, and the 

extended power constraint field 600 shown in the embodiment of FIG. 6.

[98] In the meantime, the available channel and the maximum allowable transmit power 

may be different depending on the types of ST A. For example, the ST A corresponding 

to a fixed device cannot use the WS channel adjacent to the WS channel being 

occupied by a licensed user. On the other hand, the ST A corresponding to a personal/ 

portable device can use the adjacent WS channel under the condition that the 

maximum transmit power is limited to a certain range, e.g., from lOOmW to 40mW.

[99] Accordingly, the STA can need to send the type of its own service-target STA.

[100] FIG. 10 is a block diagram showing an extended power constraint including a device 

type.

[101] Referring to FIG. 10, an extended power constraint field 1000 includes an element 

ID field 1010, a length field 1020, a device type field 1030, and one or more channel 
power constraint fields 1040. The element ID field 1010 and the length field 1020 are 

the same as the fields 610 and 620 shown in the embodiment of FIG. 6.

[102] The device type field 1030 indicates a type of a STA to be serviced by the AP. If 

there are two types of STA such as a fixed device and a personal/portable device, it is 

possible to distinguish the type of corresponding STA on the basis of a bit value that 

the device type field 1030 has. The device type field 1030 may indicate each type of 

STA, or a set of certain-typed STA. The size of the device type field 1010 may be 

varied depending on the types of STA.

[103] The channel power constraint field 1041 includes a channel number sub-field 1041a 

and a maximum transmit power sub-field 1041b.

[104] The extended power constraint field 1000 may be transmitted as being included in a 

beacon frame, a probe response frame, or other management frames.

[105] The STA can be informed of whether the included information is for what type of 

device, by acquiring the extended power constraint field 1000. Also, the STA can be 

informed of the maximum transmit power allowable for the corresponding channel.

[106] FIG. 11 is a block diagram showing examples of extended power constraint. Here, it 

is assumed that a WS channel #1 and a WS channel #3 are adjacent to the WS channel 

occupied by a licensed user. In this case, a STA corresponding to a fixed device can
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use only the WS channel #2, and the ST A corresponding to a personal/portable device 

can use at least one of the WS channels # 1, #2 and #3.

[107] As shown in a subfigure (a) of FIG. 11, a channel power constraint fields about the 

WS channels available to the types of ST A may be included in a extended power 

constraint fields, respectively. If a device type field 1111 indicates a ST A corre

sponding to a fixed device, an extended power constraint field 1110 includes a channel 

power constraint field 1112 about the WS channel #2. If a device type field 1121 

indicates a STA corresponding to a personal/portable device, an extended power 

constraint information field 1120 includes channel power constraint fields 1122, 1123, 

1124.

[108] As shown in a subfigure (b) of FIG. 11, a channel power constraint field about the 

WS channel available in common to the types of STA may be included in one 

extended power constraint information field, and the channel power constraint fields 

about the WS channel available to only the respective types of STA may be included in 

different extended power constraint information fields, respectively. If a device type 

field 1131 indicates a STA corresponding to a fixed device and a personal/portable 

device, an extended power constraint information field 1130 includes a channel power 

constraint field 1132 about the WS channel #2. If a device type field 1141 indicates a 

STA corresponding to a personal/portable device, an extended power constraint in

formation field 1140 includes channel power constraint fields 1142 and 1143 about the 
WS channels #1 and #3.

[109] FIG. 12 is a block diagram of a wireless device to implement the present invention. 

The wireless device 1200 may be a part of a STA or an AP and may be a first STA or a 

second STA shown in embodiments of FIGs. 2, 5 and 8. The wireless device 1200 may 

operate in a TV WS.

[110] The wireless device 1200 includes a processor 1210, a memory 1220 and an interface 

unit 1230.

[111] The processor 1210 implements functions of the first STA or the second STA shown 

in embodiments of FIGs. 2, 5 and 8. The processor 1210 may acquire a white space 

map and generate an extended power constraint. The memory 1220 is operatively 

coupled with the processor 1210 and stores various information. The interface unit 

1230 is operatively coupled with the processor 1210 and provides a wireless interface 

with other wireless device. The white space map and the extended power constraint 

may be transmitted via the interface unit 1230.

[112] The processor may include application-specific integrated circuit (ASIC), other 

chipset, logic circuit and/or data processing device. The memory may include read

only memory (ROM), random access memory (RAM), flash memory, memory card, 

storage medium and/or other storage device. When the embodiments are implemented
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in software, the techniques described herein can be implemented with modules (e.g., 

procedures, functions, and so on) that perform the functions described herein. The 

modules can be stored in memory and executed by processor. The memory can be im

plemented within the processor or external to the processor in which case those can be 

communicatively coupled to the processor via various means as is known in the art.

[113] In view of the exemplary systems described herein, methodologies that may be im

plemented in accordance with the disclosed subject matter have been described with 

reference to several flow diagrams. While for purposed of simplicity, the 

methodologies are shown and described as a series of steps or blocks, it is to be un

derstood and appreciated that the claimed subject matter is not limited by the order of 

the steps or blocks, as some steps may occur in different orders or concurrently with 

other steps from what is depicted and described herein. Moreover, one skilled in the art 

would understand that the steps illustrated in the flow diagram are not exclusive and 

other steps may be included or one or more of the steps in the example flow diagram 

may be deleted without affecting the scope and spirit of the present disclosure.
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2 THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A method of controlling a transmit power of a wireless device in a wireless local area network, the method including:transmitting a frame including a transmit power information element including one or more maximum transmit power fields,wherein the transmit power information element includes maximum transmit power information for one or more channel bandwidths.
2. The method of claim 1, wherein each of the one or more maximum transmit power fields defines a maximum transmit power for each of the one or more channel bandwidths.
3. The method of claim 1, wherein the transmit power information element includes maximum transmit power information for all channel bandwidths supported for the wireless device.
4. The method of claim 1, wherein the transmit power information element includes at least one of:a first maximum transmit power field defining maximum transmit power allowable in a bandwidth of a first size,a second maximum transmit power field defining maximum transmit power allowable in a bandwidth of a second size,a third maximum transmit power field defining maximum transmit power allowable in a bandwidth of a third size, anda fourth maximum transmit power field defining maximum transmit power allowable in a bandwidth of a fourth size.
5. The method of any one of claims 1 to 4, wherein the frame including the transmit power information element is a beacon frame or a probe response frame.
6. The method of any one of claims 1 to 4, wherein the frame including the transmit power information element is advertised by an access point.
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2 7. The method of any one of claims 1 to 6, wherein the transmit power information element is used for transmit power control.

8. A wireless device for controlling a transmit power in a wireless local area network, the wireless device including:a processor configured to transmit, through an interface unit, a frame including a transmit power information element including one or more maximum transmit power fields, wherein the transmit power information element includes maximum transmit power information for one or more channel bandwidths.
9. The wireless device of claim 8, wherein each of the one or more maximum transmit power fields defines a maximum transmit power for each of the one or more channel bandwidths.
10. The wireless device of claim 8, wherein the transmit power information element includes maximum transmit power information for all channel bandwidths supported for the wireless device.
11. The wireless device of claim 8, wherein the transmit power information element includes at least one of:a first maximum transmit power field defining maximum transmit power allowable in a bandwidth of a first size,a second maximum transmit power field defining maximum transmit power allowable in a bandwidth of a second size,a third maximum transmit power field defining maximum transmit power allowable in a bandwidth of a third size, anda fourth maximum transmit power field defining maximum transmit power allowable in a bandwidth of a fourth size.
12. The wireless device of any one of claims 8 to 11, wherein the frame including the transmit power information element is a beacon frame or a probe response frame.
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2 13. The wireless device of any one of claims 8 to 11, wherein the frame including the transmit power information element is advertised by an access point.
14. The wireless device of any one of claims 8 to 11, wherein the transmit power information element is used for transmit power control.
15. A method of controlling a transmit power of a wireless device in a wireless local area network, substantially as herein before described with reference to Figures 2 to 11 of the accompanying drawings.
16. A wireless device for controlling a transmit power in a wireless local area network, substantially as herein before described with reference to Figures 2 to 11 of the accompanying drawings.
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