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[DESCRIPTION]

[Invention Title]
CHANNELIZATION METHOD IN WHITESPACE BAND AND APPARATUS FOR
THE SAME |

{Technical Field)
[1] The present invention relates to a wireless communication system, and more
specifically, to a channelization method in a whitespace band and an apparatus for the same.

[Background Art]}
2] Wireless Local Area Network (WLAN) technology standards are established by
the IEEE 802.11 standards committee. [EEE 802.11a and 11b respectively provide
maximum data rates of 11 Mbps and 54 Mbps using unlicensed bands of 2.4. GHz and 5
GHz. IEEE 802.11g adopts OFDM (Orthogonal Frequency Divisional Multiplexing) and
provides maximum data rates of 54 Mbps. IEEE 802.11n adopts MIMO-OFDM and
provides maximum data rates of 300 Mbps for 4 spatial streams. IEEE 802.11n supports up
to 40 MHz channel bandwidth and provides maximum data rates of 600 Mbps.
[3] [EEE 802/11af standard for defining operations of unlicensed devices in the TV
whitespace (TVWS) band is currently under development.
(4] TVWS includes VHF (Very High Frequency) bands (54 to 60, 76 to 88 and 174
to 216 MHz) and UHF (Ultra High Frequency) bands (470 to 698 MHz) allocated for TV
broadcast and refers to a frequency band permitted for use by an unlicensed device under
the condition that communications of licensed devices (devices for TV broadcast, wireless
microphones, etc.) operating in the corresponding frequency bands are not hindered. ‘
[5] While operations of all unlicensed devices are permitted in the range of 512 to
608 MHz and 614 to 698 MHz except for some special cases, 54 to 60 MHz, 76 to 88 MHz,
174 to 216 MHz and 470 to 512 MHz are permitted for communication between fixed
devices only. A fixed device refers to a device performing transmission at a fixed location
only. In the following description, while the TVWS band includes the above-mentioned
TVWS, the present invention is not limited thereto.
[6] An unlicensed device that wants to use TV whitespace band needs to provide a
licensed device protection function. Accordingly, the unlicensed device must check
whethef a licensed device occupies the corresponding TV band before starting transmission
in the TV whitespace band. That is, the unlicensed device is permitted for use in the

whitespace band only when the licensed device is not used in the whitespace band.
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(7] To achieve this, the unlicensed device needs to access a geo-location database
(GDB) through the Internet or a dedicated network to obtain information about a list of
channels available in a corresponding area. The geo-location database stores and manages
information about licensed devices registered therein and information about channels
dynamically changed according to geographical positions of the licensed devices and time
for which the licensed devices are used. To solve a problem of coexistence of unlicensed
devices using the whitespace, a signaling protocol such as a common beacon frame and a
spectrum sensing mechanism can be used.

[8] In IEEE 802.11, a TVWS terminal can refer to an unlicensed device operating
in the TVWS spectrum using an IEEE 802.11 medium access control (MAC) layer and
physical (PHY) layer. In the specification, a station (STA) refers to a TVWS terminal
operating in the TVWS sp‘ectrum unless otherwise mentioned.

9] STA needs to provide a function of protecting an incumbent user or a primary
user allowed to perform incumbent access including a licensed user (TV user, wireless
microphone, etc.). That is, when an incumbent user is using the TVWS, STA has to stop
use of the TVWS. - Accordingly, STA needs to detect an available channel (channel that is
not used by licensed devices) that can be used by unlicensed devices and operate in the
available channel.

[10] STA can detect an available channel through spectrum sensing mechanism or
by accessing the GDB to determine a TV channel schedule. Energy detection (method of
determining that an incumbent user is using TVWS when the intensity of a received signal
is higher than a predetermined value) and feature detection (method of determining that an
incumbent user is using TVWS when a digital TV preamble is detected) can be used as the
spectrum sensing mechanism. In addition, STA needs to access the GDB to acquire GDB
information based on the position thereof to check whether a licensed device uses a channel
in the position. STA should access the GDB and acquire the information with sufficient
frequency to protect the licensed device.

[11] When it is determined that an incumbent user is using a channel immediately
adjacent to the currently used channel through the spectrum sensing mechanism or GDB, a
terminal (or STA) and a base station (or access point (AP)) can protect the incumbent user
by reducing transmit power.

[Disclosure]

[ Technical Problem]
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12] An object of the present invention is to provide a method for setting a channel
for WLAN operation in the whitespace band correctly and efficiently.
[13] - The technical problems solved by the present invention are not limited to the
above technical problems and those skilled in the art may understand other technical
problems from the following description.

[ Technical Solution]
[14] The object of the present invention can be achieved by providing a method for
providing whitespace operation information, including: a first station (STA) transmitting a
frame including a TV whitespace high throughput (TVHT) operation information field to a
second STA. The TVHT operation information field may include primary channel number,
channel width, channel center frequency segment 0 and channel center frequency segment 1
subfields. A channel center frequency of frequency segment 0 or frequency segment 1 may
be determined based on a channel start frequency. The channel start frequency may be
determined as a function of a TV channel index corresponding to the frequency segment 0
or a TV channel index corresponding to the frequency segment 1.
[15] In another aspect of the present invention, provided herein is a method for
receiving whitespace operation information, including: a second STA recéiving a frame
including a TVHT operation information field from a first STA. The TVHT operation
information field may include primary channel number, channel width, channel center
frequency segment 0 and channel center frequency segment 1 subfields. A channel center
frequency of frequency segment O or frequency segment 1 may be determined based on a
channel start frequency. The channel start frequency may be determined as a function of a
TV channel index corresponding to the frequency segment 0 or a TV channel index
corresponding to the frequency segment 1.
[16] In another aspect of the present invention, provided herein is an STA device
providing whitespace operation information, including: a transceiver; and a processor,
wherein the processor is configured to control the STA device to transmit a frame including
a TVHT operation information field to another STA device using the transceiver. The
TVHT operation information field may include primary channel number, channel width,
channel center frequency segment 0 and channel center frequency segment 1 subfields. A
channel center frequency of frequency segment O or frequency segment 1 may be
determined based on a channel start frequency. The channel start frequency may be

determined as a function of a TV channel index corresponding to the frequency segment 0
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or a TV channel index corresponding to the frequency segment 1.

[17] In another aspect of the present invention, provided herein is an STA device
receiving whitespace operation information, including: a transceiver; and a processor,
wherein the processor is configured to control the STA device to receive a frame including
a TVHT operation information field from another STA device using the transceiver. The
TVHT operation information field may include primary channel number, channel width,
channel center frequency segment 0 and channel center frequency segment 1 subfields. A
channel center frequency of frequency segment O or frequency segment 1 may be
determined based on a channel start frequency. The channel start frequency may be
determined as a function of a TV channel index cbrresponding to the frequency segment 0

or a TV channel index corresponding to the frequency segment 1.

[18] The following may be commonly applied to the above aspects of the present
invention. |
{19] The channel start frequency may be set to the center frequency of a TV

channel corresponding to a 0-th TV channel index on the basis of the TV channel index
corresponding to the frequency segment 0 or the TV channel index corresponding to the
frequency segment 1.

[20] The TV channel index corresponding to the fréequency segment O or the TV

channel index corresponding to the frequency segment 1 may be the index of a lowest TV

channel in the frequency segment 0 or frequency segment 1.

[21] When the channel width corresponds to a basic channel unit (BCU), two
contiguous BCUs or four contiguous BCUs, the channel center frequency segment 0
subfield may be set to a value indicating a lowest TV channel index for a channel
including the BCU, two contiguous BCUs or four contiguous BCUs, on which a TVHT
basic service set (BSS) operates.

[22] When the channel width corresponds to one of two non-contiguous BCUs or
two non-contiguous frequency segments, the channel center frequency segment 0 subfield
may be set to a value indicating a lowest TV channel index for a channel including a BCU
or two contiguous BCUs of the frequency segment 0 in which a TVHT BSS operates.

Each frequency segment may include two contiguous BCUs.

23] The frequency segment 0 may be a frequency segment including a primary
channel.
[24] When the channel width corresponds to one of two non-contiguous BCUs or

two non-contiguous frequency segments, the channel center frequency segment 1 subfield
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may be set to a value indicating a lowest TV channel index for a channel including a BCU
or two contiguous BCUs of the frequency segment 1 in which a TVHT BSS operates.

[25] The frequency segment 1 may be a frequency segment that does not include a
primary channel. | ,

[26] ‘ The channel center frequency may be defined as Channel center frequency =
Channel start frequency + TVHT W x dotl1CurrentChannelCenterFrequencylndex +
ChannelCenterFrequencyCorrection. Herein, ‘channel center frequency’ may be the center
frequency of a channel, ‘channel start frequency’ may be the start frequency of the channel,
TVHT_W may denote a BCU, ‘dotl1CurrentChannelCenterFrequencylndex’ may be the
TV channel index corresponding to the frequency segment 0 or the TV channel index
corresponding to the frequency segment 1, and ‘ChannelCenterFrequencyCorrection’ may
be a predetermined correction value. |

127] The predetermined correction value may be 0 when a PPDU (Physical layer
convergence procedure (PLCP) Protocol Data Unit) is transmitted using a BCU or two non-
contiguous BCUs.

28] The predetermined correction value may be 0.5 x TVHT_W when the PPDU is
transmitted using two contiguous BCUs or two non-contiguous frequency segments.

[29] = The predetermined correction value may be 1.5 x TVHT W when the PPDU is
transmitted using four contiguous BCUs. )

[30] The TVHT operation information field may have a size of 4 octets. Each of the
primary channel number, channel width, channel center frequency segment 0 and channel

center frequency segment 1 subfields may have a size of 1 octet.

[31] The first STA may be an access point (AP) STA and the second STA may be a
non-AP STA. _
{32} The above description and the following detailed description of the present

invention are exemplary and are for the purpose of additional explanation of the claims.

[ Advantageous Effects]
[33) The present invention can provide a method for setting a channel for WLAN
operation in the whitespace band correctly and efficiently.
[34] The effects of the present invention are not limited to the above-described
effects and other effects which are not described herein will become apparent to those
skilled in the art from the following description.

[ Description of Drawings]
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(35] The accompanying drawings, which are included to provide a further
understanding of the invention, illustrate embodiments of the invention and together with

the description serve to explain the principle of the invention. In the drawings:

[36] FIG. 1 illustrates an exemplary configuration of an [EEE 802.11 system to
which the present invention is applicable; '
[37] FIG. 2 illustrates another exemplary configuration of an IEEE 802.11 system to
which the present invention is applicable;

[38] FIG. 3 illustrates another exemplary configuration of an IEEE 802.11 system to
which the present invention is applicable;

[39] FIG. 4 illustrates an exemplary configuration of a WLAN system;

[40] FIG. 5 is a flowchart illustrating an exemplary link setup procedure according

to an embodiment of the present invention;

[41] FIG. 6 illustrates a TVHT channel-list parameter element and a channel
bandwidth;

[42] FIG. 7 illustrates a TVHT operation element format according to the present
invention,

[43] FIG. 8 illustrates a TVHT operation information field format;

[44] FIG. 9 illustrates TVHT channelization,;

[45] . FIG 10 illustrates frequency positions of TV channels;

[46] FIG. 11 illustrates an operation of an STA according to an embodiment of the

present invention; and

[47] FIG. 12 illustrates a configuration of an RF device according to an embodiment
of the present invention.

- [Best Mode]

[48] The invention now will be described more fully hereinafter with reference to
the accompanying drawings, in which embodiments of the invention are shown. This
invention may, however, be embodied in many different forms and should not be construed
as limited to the embodiments set forth herein. Rather, these embodiments are provided so
that this disclosure will be thorough and complete, and will fully convey the scope of the
invention to those skilled in the art.

[49] Embodiments described hereinbelow are combinations of elements and features
of the present invention. The elements or features may be considered selective unless

otherwise mentioned. Each element or feature may be practiced without being combined
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with other elements or features. Further, an embodiment of the present invention may be
constructed by combining parts of the elements and/or features. Operation orders described
in embodiments of the present invention may be rearranged. Some constructions of any one
embodiment may be included in another embodiment and may be replaced with
corresponding constructions of another embodiment.

[S0] Specific terms used in the embodiments of the present invention are provided to
aid in understanding of the present invention. These specific terms may be replaced with
other terms within the scope and spirit of the present invention.

[S1] In some cases, to prevent the concept of the present invention from being
obscured, structures and apparatuses of the known art will be omitted, or will be shown in
the form of a block diagram based on main functions of each structure and apparatus. In

addition, wherever possible, the same reference numbers will be used throughout the

- drawings and the specification to refer to the same or like parts.

[52) The embodiments of the present invention can be supported by standard
documents disclosed for at least one of wireless access systems, Institute of Electrical and
Electronics Engineers (IEEE) 802, 3" Generation Partnership Project (3GPP), 3GPP Long
Term Evolution (3GPP LTE), LTE-Advanced (LTE-A), and 3GPP2. Steps or parts that are
not described to clarify the technical features of the present invention can be supported by
those documents. Further, all terms as set forth herein can be explained by the standard
documents.

(53] Techniques described herein can be used in various wireless access systems
such as Code Division Multiple Access (CDMA), Frequency Division Multiple Access
(FDMA), Time Division Multiple Access (TDMA), Orthogonal Frequency Division
Multiple Access (OFDMA), Single Carrier-Frequency Division Multiple Access (SC-
FDMA), etc. CDMA may be implemented as a radio technology such as Universal
Terrestrial Radio Access (UTRA) or CDMA2000. TDMA may be implemented as a radio
technology such as Global System for Mobile communications (GSM)/General Packet
Radio Service (GPRS)/Enhanced Data Rates for GSM Evolution (EDGE). OFDMA may
be implemented as a radio technology such as IEEE 802.11 (Wi-Fi), IEEE 802.16
(WiMAX), IEEE 802.20, Evolved-UTRA (E-UTRA) etc. For clarity, this application
focuses on the IEEE 802.11 system. However, the technical features of the present
invention are not limited thereto.

54] FIG. 1 illustrates an exemplary configuration of an IEEE 802.11 system to

which the present invention is applicable.
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[55] [EEE 802.11 can be composed of a plurality of components and provide a
WLAN supporting STA mobility transparent for higher layers according to interaction of
the components. A basic service set (BSS) may correspond to a basic component block in
an IEEE 802.11 LAN. FIG. 1 shows 2 BSSs (BSS1 and BSS2) e_ach of which includes 2
STAs as members (STA1 and STA2 being included in BSS1 and STA3 and STA4 being
included in BSS2). In FIG. 1, an oval that defines a BSS indicates a coverage area in which
STAs belonging to the corresponding BSS perform communication. This area may be
called a basic service area (BSA). When an STA moves out of the BSA, the STA cannot
directly communicate with other STAs in the BSA.

[56] A most basic BSS in the IEEE 802.11 LAN is an independent BSS (IBSS). For
example, the IBSS can have a minimum configuration including only 2 STAs. The IBSS
has a simplest form and corresponds to the BSS (BSS1 or BSS2) shown in FIG. 1, in which
components other than STA are omitted. This configuration is possible when STAs can
directly communicate with each other. This type of LAN can be configured as necessary
rather than being previously designed and configured and may be called an ad-hoc network.

(57] When an STA is turned on or off, or enters or exits the coverage of a BSS,
membership of the STA in the BSS can be dynamically changed. To become a member of

the BSS, the STA can join the BSS using a synchronization process. To access all services

‘based on the BSS, the STA needs to associate with the BSS. Association may be

dynamically set and may use a distribution system service (DSS).

(58] FIG. 2 illustrates another exemplary configuration of an [EEE 802.11 system to
which the present invention is applicable. FIG. 2 shows a distribution system (DS), a
distribution system medium (DSM) and an access point (AP) in addition to the
configuration of FIG. 1.

[59] In a LAN, a direct station-to-station distance may be limited by PHY
performance. While this distance limit can be sufficient in some cases, communiéation
between stations having a long distance therebetween may be needed in some cases. The
DS may be configured to support an extended coverage.

[60] The DS refers to a structure in which BSSs are connected to each other.
Specifically, BSSs may be present as components of an extended form of a network
composed of a plurality of BSSs rather than being independently present as shown in FIG. 1.
[61] The DS is a logical concept and may be specified by characteristics of the DSM.
IEEE 802.11 logically discriminates a wireless medium (WM) from the DSM. The logical
media are used for different purposes and used by different components. [EEE 802.11 does
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not limit the media as the same medium or different media. The fact that plural media are
logically different from each other can explain flexibility of IEEE 802.11 LAN (DS
structure or other network structures). That is, the IEEE 802.11 LAN can be implemented
in various manners and physical characteristics of implementations can independently
specify corresponding LAN structures.

[62] The DS can support mobile devices by providing seamless integration of a
plurality of BSSs and logical services necessary to handle addresses to a destination.

[63] The AP refers to an entity that enables associated STAs to access the DS
through a WM and has STA functionality. Data can be transmitted between a BSS and the
DS through the AP. For example, STA2 and STA3 have STA functionality and provide a
function of enabling associated STAs (STA1 and STA4) to access the DS. Furthermore, all

- APs are addressable entities because they basically correspond to an STA. An address used

by an AP for communication on the WM is not necessarily equal to an address used by the
AP for communication on the DSM.

[64] Data transmitted from one of STAs associated with an AP to an STA address of
the AP can be received at an uncontrolled port at all times and processed by an IEEE
802.1X port access entity. Furthermore, the transmitted data (or frame) can be delivered to
the DS when a controlled port is authenticated.

[65] FIG. 3 illustrates another exemplary configuration of an IEEE 802.11 system to
which the present invention is applicable. FIG. 3 shows an extended service set (ESS) for
providing an extended coverage in addition to the configuration of FIG. 2.

[66] A wireless network having an arbitrary size and complexity may be composed
of a DS and an ESS. This type of network is called an ESS network in IEEE 802.11. The
ESS may correspond to a set of BSSs connected to a DS. However, the ESS does not
include the DS. The ESS network looks like an IBSS network at a logical link control
(LLC) layer. STAs belonging to the ESS can communicate with each other and mobile
STAs can move from a BSS to another BSS (in the same ESS) transparently to LCC.

[67] IEEE 802.11 does not define relative physical positions of BSSs in FIG. 3 and
the BSSs may be located as follows. The BSSs can partially overlap, which is a structure
normally used to provide continuous coverage. The BSSs may not be physically connected
to each other and there is a limit on the logical distance between the BSSs. In addition, the
BSSs may be physically located at the same position in order to provide redundancy.
Furthermore, one (or more) IBSS or ESS networks may be physically located in the same

space as one (or more ESS) network. This may correspond to an ESS network form when
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an ad-hoc network operates in the location of the ESS network, IEEE 802.11 networks,
which physically overlap, are configured by different organizations or two or more different
access and security policies are needed at the same position. |

[68] FIG. 4 illustrates an exvemplary configuration of a WLAN system. FIG. 4
shows an example of a BSS based on a structure including a DS.

[69] In the example of FIG. 4, BSS1 and BSS2 constitute an ESS. In the WLAN
system, STAs are devices operating according to MAC/PHY regulations of IEEE 802.11.
The STAs include an AP STA and a non-AP STA. The non-AP STA con¢sponds to a
device directly handled by a user, such as a laptop computer, a cellular phone, etc. In the
example of FIG. 4, STA1, STA3 and STA4 correspond to the non-AP STA and STA2 and
STAS correspond to the AP STA. '
[70] In the following description, the non-AP STA may be called a terminal,
wireless transmit/receive unit (WTRU), user equipment (UE), mobile station (MS), motile
terminal, mobile subscriber station (MSS), etc. The AP corresponds to a base station (BS),
node-B, evolved node-B, base transceiver system (BTS), femto BS, etc in other wireless
communication fields. -

[71] Available channel in whitespace

[72] For operation of an STA in whitespacé, it is necessary to preferentially provide
protection of a licensed device (or incumbent user). Accordingly, the STA needs to find an
available channel that is not used by the licensed device and thus can be used by an
unlicensed device and to operate on the available channel. If the channel used by the STA
is no longer available, utilization of the channel is stopped.

[73] To check channel (e.g. TV channel) availability in the whitespace (e.g. TVWS),
the STA can perform spectrum sensing or access a GDB to find out a TV channel schedule.
GDB information may include information on a specific channel use schedule (i.e. channel
use time) of the licensed device at a specific position. The STA that wants to check
availability of a TV channel needs to access the GDB through the Internet to acquire GDB
information based on location information thereof. This operation needs to be performed at
an interval sufficient to protect the licensed device.

[74] In the specification, information on available channels and frequencies,
receivéd from the GDB, is called a whitespace map (WSM). The WSM is a map of
information on channels available for unlicensed devices in the TVWS based on channel
and frequency information obtained by an STA from the GDB. The WSM may include

information on an available channel list or frequencies that can be used by unlicensed
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devices. Channels included in the available channel list are channels that are not used by
signals (or users) that need to be legally protected and can be used by an unlicensed device
when the unlicensed device accesses the GDB. When an unlicensed device requests an
available channel after a predetermined lapse of time from when the unlicensed device
accesses the GDB, the WSM may include information on channels and frequencies which
are available from the corresponding time. Alternatively, when the unlicensed device
requests an available channel to the GDB, it is possible to transmit information on available
channels and frequencies by signaling channels that cannot be used by the unlicensed
device.

[75] FCC (Federal Communications Commission) TVWS regulations currently
define two device types. That is, a personal/portable device with low power and a fixed
device with high power, which operates at a fixed position. The fixed device may be
referred to as a fixed STA and the personal/portable device may be referred to as a P/P STA.
The fixed STA and P/P STA may correspond to normal STAs (that is, STAs including an
AP and a non-AP) in the WLAN system. When the devices of two types operate in the
TVWS, different operation rules may be .applied thereto. The fixed device
transmits/receives signal at a specific position that is not varied. The fixed device needs to
access the GDB to acquire information on available channels to transmit a signal at the
specific position. While the fixed device may include a positioning device such as a GPS,
an installer can directly input the position of the fixed device to transmit the location
information of the fixed device to the GDB. When the installer directly inputs the position
of the fixed device, the fixed device is operated on the assumption that once the fixed
device is installed and the position thereof is input, the position does not change. When the
position of the fixed device is changed, the changed position needs to be registered. The
fixed device may serve another fixed device of the same type and the P/P device. When the
fixed device receives information on available channels from the GDB, the fixed device
needs to transmit information on the device type thereof and receive information on
available channels that can be directly used thereby. To serve the P/P device, the fixed
device needs to additionally acquire information on available channels that can be used by
the P/P device from the GDB or a proxy server connected to the GDB. This is because the
fixed device and the P/P device use different channel intervals and operate with different
maximum allowable transmit powers and different requirements for neighboring channels
and thus the respective device types require different available channel lists. For example,

the fixed device is permitted to transmit a signal at 512 to 608 MHz and 614 to 698 MHz as
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well as at 54 to 60 MHz, 76 to 88 MHz, 174 to 216 MHz and 470 to 512 MHz, whereas the
P/P device is not allowed to transmit a signal in TVWS bands other than 512 to 608 MHz
and 614 to 698 MHz. The fixed device can transmit a signal with higher power than the P/P
device and up to 4 watts is permitted for the fixed device as effective isotropic radiated
power (EIRP).

[76] The P/P device can transmit/receive signals at a position that is not fixed and
the position thereof can be changed. The P/P device can be carried by a person and
mobility thereof cannot be predicted. The available frequency band of the P/P device is 512
to 608 MHz and 614 to 698 MHz and maximum transmit power thereof is 100mW (EIRP).
That is, the allowable transmit power of the P/P device is limited compared to the fixed
device.

[77] The P/P device can be categorized into a mode Il device and a mode I device
according to whether or not the P/P device has identification capabil'ity, that is, geo-location
capability and capability of accessing the GDB through the Internet. The mode II device
has geo-location capability and GDB access capability and can access the GDB to acquire
information about available channels at the location thereof and then operate in the TVWS
at the corresponding location. In addition, the mode II device can acquire the available
channel information from the GDB and then initiate communication through a network by
transmitting a signal (e.g. enable signal) for instructing communication to be initiated to the
mode I device. The mode I device need not have the geo-location capability or GDB access
capability and operates under the control of the mode II device or a fixed device. The mode
[ device can acquire available channel information from the mode II device of fixed device
and needs to periodically check validity of available channels. In addition, 'thé mode 1
device can be permitted to operate on an available channel upon confirmation of the device
ID thereof. Here, the mode II device or fixed device may correspond to an enabling STA
and the mode I device may correspond to a dependent STA. An enabling signal transmitted
from the enabling STA to the dependent STA may correspond to a beacon frame.

[78] A P/P device corresponding to the mode Il device can provide a service to
another P/P device or fixed device. In this case, the mode II P/P device can acquire
avatlable channel information for the fixed device from the GDB and deliver the available
channel information to the fixed device.

[79] The GDB can calculate available channel information at a location requested by
an unlicensed device and transmit the information to the unlicensed device in consideration

of a channel use schedule and protection contour of an incumbent user such as a DTV or
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microphone. Parameters considered by the GDB when the GDB calculates the available
channel information include a device type, operation location, transmit power and Spectrum
mask. In the FCC regulations, whether or not to use a neighboring channel depends on
device type. For example, when a DTV receiver is used on channel #30, the fixed device
cannot use channels #29 and #31 even if channels #29 and #31 are not occupied but the P/P
device can use the two channels. This is because the possibility that the fixed device
interferes with a neighboring channel is high since the fixed device has high transmit power.
(80] While exemplary embodiments of the present invention will be described
hereinafter using the TVWS as an exemplary whitespace for convenience, the scope of the
present invention is not limited thereto. That is, the scope of the present invention includes
exemplary embodiments of the present invention, which are applied to operations in all
whitespaces controlled by a DB that provides information on available channels at a
specific position. For example, it is expected to permit operation of an unlicensed device,
controlled by the GDB, in frequency bands that do not currently correspond to the
whitespace but are expected to become.whitespace and exemplary embodiments of the
present invention applied thereto can be included within the scope of the present invention.
Furthermore, while the principle of the present invention is described on the basis of FCC
regulations for the TVWS, the scope of the present invention is not limited to operations in
whitespace according to the FCC regulations and includes exemplary embodiments of the
present invention, which are implemented on whitespaces conforming to other regulations.
[81] A description will be given of an exemplary process through which a mode |
device operating in the whitespace acquires available channel information from a mode I1
device or a fixed device.

[82]) FIG. 5 is a flowchart illustrating an exemplary link setup procedure according
to an embodiment of the present invention.

[83] The mode II device or fixed device (represented as mode II device/fixed device
hereinafter) can access the GDB through the Internet or the like to acquire a list (e.g. WSM)
of available channels that can be used in the current location thereof in step S510.

[84] The mode II device/fixed device can transmit a beacon frame to configure a
BSS in step S520. The beacon frame may include information on the available channel list,
etc. The beacon frame may be periodically transmitted.

[85] A mode I device that wants to participate in the BSS can scan the TVWS in
step S530. If the mode I device knows the available channel list that can be used at the

current location thereof, the mode I device can perform passive or active scanning only on
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channels belonging to the available channel list. Passive scanning refers to a process
through which the mode I device listens for transmission of the beacon frame from the
mode II device/fixed device oﬁ a scanning channel. Active scanning refers to a process
through which the mode [ device transmits a probe request frame and receives a probe
response frame from the mode II device/fixed device on the scanning channel.

[86] To participate in the BSS, the mode I device needs to operate under the control
of the mode II device/fixed device. Accordingly, the mode I device needs to perform link
setup with the mode II device/fixed device.

[87] The mode I device can perform association after the scanning process in order
to participate in the BSS in step S540. To achieve this, the mode 1 device can transmit an
association request frame to the mode 11 device/fixed device.

188] Upon successful association request/response, security setup is performed in
step S550. For example, security setup can include a private key setup process through 4-
way handshaking using an extensible authentication protocol over LAN (EAPOL) frame.
Security setup must be performed between the mode II device/fixed device and the mode I
device because integrity check is required when the mode II device/fixed device transmits a
WSM to the mode I device.

[89] Upon completion of security setup, The mode I device can request the mode II
device/fixed device to provide an available channel list (e.g. WSM) by transmitting a
channel availability request frame (or channel availability query (CAQ) request frame) to
the mode II device/fixed device in step S560. The mode II device/fixed device can provide
the available channel list (e.g. WSM) to the mode I device by transmitting a channel
availability response frame (or CAQ response frame) to the mode [ device. The mode !
device can complete link setup with the mode Il device/fixed device by receiving the
available channel list (e.g. WSM) from the mode II device/fixed device. Upon completion
of link setup, the mode I device can initiate transmission/reception of data, control and
management frames, etc. to/from the mode I device/fixed device.

[90] TV WS physical layer (PHY) operation

[91] A description will be given of an operation of converting a data unit (e.g.
physical layer convergence procedure (PLCP) service data unit (PSDU)), provided from a
MAC layer to a PHY layer, into a signal transmitted on a wireless medium (i.e. data
transmission operation) and an operation of converting the signal transmitted on the

wireless medium into the PSDU (i.e. data reception operation).
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[92] In particular, there is a need for a method for configuring a channel (referred to
as a WLAN channel, WLAN operation channel or operation channel to be distinguished
from TV channels, hereinafter) for a communication system (e.g. WLAN) operating in the
TVWS. A TV channel available for a TVWS device may depend on the position of the
device. To support operations of the TVWS device even when contiguous TV channels
cannot be used at the corresponding frequency, a method for configuring a contiguous or
non-contiguous operation channels can be considered. ‘

[93] Furthermore, it is possible to support a high throughput (HT) operation of a

WLAN in the TVWS, which is called TVHT operation.
[94] In the present invention, a bandwidth of a basic unit constituting a TVHT

operation channel is represented as W MHz. The basic unit constituting the TVHT
operétion channel may be called a basic channel unit (BCU). The bandwidth W of the BCU
can be defined based on TV channel bandwidth. For example, the U.S. and Korea define a
TV channel .of 6 MHz, Australia and New Zealand define a TV channel of 7 MHz énd
Europe defines a TV channel of 8 MHz. Accordingly, the value of W MHz can be defined
as one of 6, 7 and 8§ MHz according to regulatory domain.

[95] A frequency segment or a frequency section refers to one or more contiguous
frequency unit. For example, when 2 BCUs are contiguously configured for TVHT
operation, the 2 contiguous BCUs can be called a frequency segment.

[96] When W=6, for example, an operation channel (i.e. W = 6 MHz channel)
composed of one BCU, an operation channel (i.e. 2W = 12 MHz channel) composed of 2
contiguous BCUs, and an operation channel (i.e. 4W = 24 MHz channel) composed of 4
contiguous BCUs can be defined. In addition, an operation channel (i.e. W+W = 6+6 MHz
channel) composed of 2 non-contiguous BCUs and an operation channel (i.e. 2W+2W =
12+12 MHz channel) composed of 2 non-contiguous frequency segments each of which
includes contiguous BCUs can be defined.

[97] In the following description, a primary channel refers to a common operation
channel for all STAs belonging to a BSS. For example, the primary channel is used for
transmission of a data unit (e.g. PLCP protocol data unit (PPDU)) and may be used for
transmission of a basic signal such as a beacon. That is, the primary channel corresponds to
a basic channel of STA operation.

98] A secondary channel is a channel associated with the primary channel and used
to support a wide bandwidth and high throughput by being combined with the primary

channel,
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[99] For example, the location of a primary channel from 2 W MHz channels
constituting a 2W MHz channel needs to be determined. The location of the primary
channel can indicate whether the primary channel corresponds to a high frequency part or a
low frequency part of the 2 W MHz channels. In the present invention, the primary channel
is defined in the TVWS in which an available TV channel varies with time or STA location.
Specifically, the primary channel defined in configuration of a TVWS operation channel
according to the present invention can be set in consideration of available TV channels in

the TVWS.

[100] FIG. 6 illustrates a TVHT channel-list parameter element and a channel
bandwidth.
[101] The channel-list parameter element is information on clear channel

assessment (CCA) of a STA. CCA refers to an operation of checking whether a wireless
medium is busy or not. The channel-list parameter element can be used when the STA
indicates whether a corresponding channel is a primary channel or a secondary channel
when performing CCA.

[102] Elements such as primaryTVHT W, primaryTVHT 2W, secondaryTVHT W
and secondaryTVHT 2W can be defined in the TVHT channel-list parameter element.
Here, TVHT W may correspond to a BCU and TVHT 2W may correspond to 2
contiguous BCUs.

[103] Definition (i.e. channelization) of an operation channel for a system operating
in the TVWS can be determined based on available TV channels (TV channels in which
an incumbent user is not present). For example, when contiguous TV channels are not
available (i.e. TV channels n-1 and n+! are not available although TV channel n is
available) or contigudus TV channels are available, channelization for a TVWS system
can be determined in consideration of how many contigubus TV channels are available.
[104] Configuration information about an operation channel determined based on
available TV channels can be provided by an enabling STA to a dependent STA or
provided by an AP STA to a non-AP STA. For example, the configuration information on
the operation channel can include a channel start frequency, channel width, channel center
frequency index (center frequency index of a BCU including a primary channel and a
center frequency index of a BCU that does not include a primary channel), primary
channel position, etc. Here, the channel start frequency can be defined by operating class
information. Information on the channel width (e.g. W, 2W, 4W, W+W, 2W+2W, etc.)

can be defined by operation channel information elements. The channel center frequency.
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index and -the primary channel position can be defined by a physical layer management
entity management information base (PLME MIB).

[105] A description will be given of embodiments of channelization for WLAN
operation in the TVWS according to the present invention, particularly, embodiments of

channelization for TVHT operation.

[106] TVHT operation element

[107] FIG. 7 illustrates a TVHT operation element format according to the present
invention. '

[108] Operations of TVHT STAs in a BSS can be controlled by a TVHT operation

element. As shown FIG. 7, the format of the TVHT operation element may include an
element ID field, a length field, a TVHT operation information field and a TVHT basic
modulation and coding (MCS) set field. '

[109] The element ID field of FIG. 7 may have a value corresponding to an ID
indicating that a corresponding information element is the TVHT operation element.

[110] The length field of FIG. 7 may have a value indicating the size of fields
following the length field and can be set to 6 octets in the example of FIG. 7.

[111] The TVHT operation information field of FIG. 7, may include primary
channel number, channel width, channel center frequency segment 0 and channel center
frequency segment 1 subfields.

[112] FIG. 8 illustrates a format of the TVHT operation information field. The
subfields of the TVHT operation information field proposed by the present invention can be

defined as shown in Table 1.

[113] [Table 1]
Field Definition Encoding
Primary channel This field Channel number of the primary channel
number indicates the

channel number of

a primary channel.

Channel width This field defines | Setto 0 for TVHT W operation channel width.

a BSS operation | Setto | for TVHT 2W operation channel width.
channel width. Set to 2 for TVHT_W+W operation channel width.
Set to 3 for TVHT _4W operation channel width.

Set to 4 for TVHT _2W+2W operation channel width.

Values in the range of 5 to 255 are reserved.
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Channel  center | This field defines | Index indicating the center frequency of a lowest TV
frequency achannel center | channel with respect to a TVHT_W, TVHT 2W or
segment 0 frequency for TVHT 4W channel on which a TVHT BSS operates for a

TVHT BSSsof | TVHT_W, TVHT 2W or TVHT_4W operation channel
TVHT W, | width
TVHT 2W and
TVHT_4W. _
This field defines | Index indicating the center frequency of a lowest TV
segment 0 channel | channel with respect to a TVHT W or TVHT 2W channel
center frequency | of frequency segment 0 in which a TVHT BSS operates
for TVHT BSSs of | for a TVHT _W+W or TVHT 2W+2W operation channel
TVHT _W+W and | width
THVT 2W+2W. ,
Reserved otherwise.
Channel center | This field defines | Index indicating the center frequency of a lowest TV
frequency segment 1 channel | channel with respect toa TVHT _W or TVHT _2W channel
segment | center frequency | of frequency segment 1 in which a TVHT BSS operates
for TVHT BSSsof | for a TVHT _W+W or TVHT 2W+2W operaﬁon channel
TVHT_W+W and | width
THVT 2W+2W.
Reserved otherwise.
[114] In related arts, channel center frequency segment 0 indicates the center

frequency (i.e. the center frequency of a WLAN operation channel) of a TVHT W,
TVHT 2W or TVHT 4W channel on which a TVWS BSS operates in the case of a
TVHT W, TVHT 2W or TVHT 4W operation channel width or indicates the center
frequency of a frequency segment including a primary channel in the case of a
TVHT W+W or TVHT 2W+2W operation channel width, Furthermore, channel center
frequency segment 1 indicates the center frequency of a frequency segment that does not
include a primary channel in the case of a TVHT W+W or TVHT 2W+2W operation
channel width.

[115] The

represented/calculated according to Equation 4. For example, in the case of a TVHT 2W or

center frequency of a WLAN operation channel can be

TVHT_4W operation channel width, the value of the channel center frequency segment 0

field corresponds to the frequency of the WLAN operation channel. In this case, when a
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correction value (i.e. ChannelCenterFrequencyCorrection) of Equation 4 is applied, an
incorrect value corresponding to the sum of the center frequency of the WLAN operation
channel and the correction value is represented as the center frequency of the WLAN
operation channel.

[116] Similarly, the value of the channel center frequency. segment 0 field
corresponds to the center frequency of frequency segment 0 (i.e. frequency segment
including a primary channel) in the case of a TVHT 2W-+2W operation channel width, and
thus an incorrect value corresponding to the sum of the center frequency of frequency
segment 0 and the correction value of Equation 4 is represented as the center frequency of
the frequency segment.

[117] Accordingly, the present invention defines the channel center frequency
segment (i.e. dotl 1CurrentChannelFrequencylndex0 or
dotl 1CurrentChannelCenterFrequencyIndex1 of Table 4 which will be shown below) as an
index indicating the center frequency of the “lowest” TV channel from among TV channels
belonging to the WLAN operation channel. Therefore, the center frequency of the WLAN
operation channel can be correctly represented according to Equation 4. Detailed
description will be given below in relation to Equation 4.

[118) The TVHT basic MCS set field of FIG. 7 indicates an MCS for the number of
spatial streams of TVHT PPDUs supported by all TVHT STAs in the BSS. The TVHT
basic MCS set field can be defined as an 8-bit bitmap. Every 2 bits of the 8-bit bitmap
indicate an MCS supported for Nss (the number of spatial streams, Which can be one of 1 to
4). The TVHT basic MCS set field may be defined as B0 to B7 of a receive (Rx) MCS map
subfield (one of subfields of a VHT supported MCS set field). In this case, the TVHT basic
MCS set field can be defined as 1 octet (i.e. 8 bits). However, the present'invention is not
limited thereto and the TVHT basic MCS set field can be defined as 2 octets (i.e. 16 bits)
including 8 bits in addition to the 8-bit bitmap.

[119] TVHT BSS operation

[120] An STA that generates a BSS needs to receive and transmit signals according to
a MCS value defined in an MCS set (i.e. TVHTBSSBasicMCSSet) basically supported by
the TVHT BSS and an MCS set (i.e. TVHTOperationalMCSSet) supported for TVHT
operation.

[121) A TVHT AP announces channel width capability supported thereby in a
supported channel width set subfield of a TVHT capability information field of a TVHT

capability element.

19



10

15

20

25

WO 2014/027808 PCT/KR2013/007234

(122} In addition, the TVHT AP sets the channel width subfield of the TVHT
operation information field of the TVHT operation element such that the channel width
subframe indicates a BSS operating channel width. For example, the TVHT AP can
indicate one of W, 2W, W+W, 4W and 2W+2W as the BSS operating channel width.

[123] The bandwidth of a PPDU transmitted from the BSS may be a subset of the
BSS operating channel width. For example, when the BSS operating bandwidth is 2W, a
supported PPDU bandwidth may be W or 2W. When fhe BSS operating bandwidth is
W+W, the supported PPDU bandwidth may be W or W-+W.
bandwidth is 4W, the supported PPDU bandwidth may be one of W, 2W and 4W. When
the BSS operating bandwidth is 2W+2W, the supported PPDU bandwidth may be one of W,
2W or 2W+2W.

[124)
information is needed in addition to the BSS operating channel width.

[125] Here, the PPDU may include a PLCP préamble field, a PLCP header field and a
data field. The PLCP preamble field includes a training field. The PCLP header field
includes a signal (SIG) field. The data field includes a PLCP service data unit (PSDU).
The SIG field included in the PLCP header field includes a bandwidth (BW) field. The BW
field is defined as 2 bits. A conventional BW field indicates a PPDU bandwidth of X (e.g.
X=20 MHz), 2X, 4X or 8X/4X+4X.

[126] In the TVHT PPDU, the SIG field of the PLCP header field can be composed
of TVHT-SIG-A1 and TVHT-SIG-A2 and the first 2 bits (BO and B1) of TVHT-SIG-A1
can be defined as the BW field.

[127]
method of using the BW field of TVHT-SIG-A1 along with the BSS operating bandwidth.
[128] Table 2 shows the TVHT BSS operating channel width. As shown in Table 2,
the type of the transmitted PPDU can be determined depending on the BSS operating
channel width and B0 and B1 of the TVHT-SIG-A1 field.

If the BSS operating

Accordingly, in order to correctly indicate the PPDU bandwidth, additional

To correctly indicate the PPDU bandwidth, the present invention proposes a

[129] [Table 2]
TVHT operation BSS operating channel B0 and Bl (BW) in PPDU type
element channel width width TVHT-SIG-A1
field
0 TVHT W | TVHT_MODE |
1 TVHT_ 2W ! TVHT _MODE |
2 TVHT_MODE 2C
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2 TVAT W+W 1 TVHT MODE_1
2 TVHT_MODE 2N
1 TVHT_MODE_]
3 TVHT_4W 2 TVHT MODE _2C
3 TVHT_MODE_4C
1 TVHT MODE I
4 TVHT 2W+2W 2 TVHT_MODE_2C
3 TVHT_MODE 4N
(130] In Table 2, TVHT_MODE_1 PPDU corresponds to a TVHT W VHT PPDU or

a TVHT_W NON_HT PPDU. Here, the TVHT_W NON_HT PPDU refers to replicating a
ﬁon-HT PPDU twice ina BCU (i.e. TVHT W bandwidth).

[131] TVHT MODE 2C PPDU corresponds to a TVHT 2W VHT PPDU or a
TVHT 2W NON_HT PPDU. Here, the TVHT 2W NON_HT PPDU refers to replicating a
non-HT PPDU four times in two contiguous BCUs (i.e. TVHT 2W bandwidth).

[132] TVHT_MODE 2N PPDU corresponds to a TVHT W+W VHT PPDU or a
TVHT_W+W NON_HT PPDU. Here, the TVHT W+W NON _HT PPDU refers to
replicating a non-HT PPDU four times in two non-contiguous BCUs (i.e. TVHT W+W
bandwidth).

[133] TVHT_MODE_4C PPDU corresponds to a TVHT 4W VHT PPDU or a
TVHT 4W NON _HT PPDU. Here, the TVHT _4W NON_HT PPDU refers to replicating a
non-HT PPDU eight times in four contiguous BCUs (i.e. TVHT 4W bandwidth).

[134] TVHT_MODE_4N PPDU corresponds to a TVHT 2W+2W VHT PPDU or a
TVHT_2W+2W NON_HT PPDU. Here, the TVHT 2W+2W NON_HT PPDU refers to
replicating a non-HT PPDU eight times in a bandwidth (i.e. TVHT 2W+2W bandwidth)
including two non-contiguous frequency segments each of which includes two contiguous
BCUs.

[135] When a TVHT non-AP STA receives a frame including the TVHT operation
element, the TVHT non-AP STA can determine channelization using “channel center
frequency segment 0” and “channel center frequency segment 1” subfields of the TVHT
operation information field (refer to Table 1) and “primary channel offset”. Channelization
will be described in more detail below.

[136] A TVHT STA, a member of a TVHT BSS, can operate not to transmit
TVHT_MODE 1 PPDU on channels other than the primary TVHT W channel of the BSS
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except for transmission of TVHT MODE 1 PPDU on an off-channel tunneled direct-link
setup (TDLS) direct link (that is, the TVHT STA can operate to transmit TVHT MODE 1
PPDU only on the primary TVHT W channel of the BSS). Here, an off-channel refers to a
channel other than a base channel and the base channel refers to a channel through which a
TDLS peer STA associates with an AP.

[137] A TVHT STA, a member of a TVHT BSS having a TVHT 2W, TVHT 4W or
TVHT_W+W operating channel width, can operate not to transmit TVHT MODE 2C or
TVHT_MODE_2N PPDU that does not use the primary TVHT W channel and secondary
TVHT W channel of the BSS except for transmission of TVHT MODE 2C,
TVHT MODE 4C or TVHT MODE 2N PPDU on the off-channel TDLS direct link.

[138] A TVHT STA, a member of a TVHT BSS having a TVHT 4W or
TVHT_2W+2W operating channel width, can opcrate not to transmit TVHT MODI 4C or
TVHT_MODE_ 4N PPDU that does not use the primary TVHT 2W channel and secondary
TVHT 2W channel of the BSS except for tranémission of TVHT MODE 4C or
TVHT MODE 4N PPDU on the off-channel TDLS direct link.

[139] A TVHT STA can operate not to transmit a PPDU to another TVHT STA using
a bandwidth that is not indicated by a TVHT capability element recently received from the
other TVHT STA or a supported channel width set subfield of an operating mode
notification frame.

[140] An STA can operate not to transmit a PPDU for which CH_ BANDWIDTH
parameter of TXVECTOR indicates a wider channel bandwidth than the BSS operating
channel width except for a case of the TDLS off-channel direct-link. Here, TXVECTOR
refers to a list of parameters provided by MAC to PHY for PSDU transmission and the
CH_BANDWIDTH parameter from among the parameters indicates a channel width used
for packet transmission.

[141] Mathematical representation of signals

[142] For all TVHT PPDU transmission modes, a signal is transmitted on a subcarrier

defined in Table 3. Table 3 shows a tone location.

[143] [Table 3]
Parameter | TVHT _ TVHT _ TVHT_ TVHT _ TVHT _ Description
MODE_1 | MODE_2C | MODE_2N | MODE 4C MODE 4N
Nsr 114 114 114 114 114 The number

of

subcarriers
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occupied
per BCU

Nt 114 228 228 456 456 The number
of
subcarriers
occupied by

_ all BCUs
Subcarrier | [-58 to -2] | [-130 to -} [-S58 to -2]|[-274 to -218], | [-130 to - | Position of a
index and [+2 to | 74], [-70 to | and [+21] to | [-214 to -158], | 74], [-70 to | subcarrier
+58] -14], [+14 | +58] for | [-130 to -74], | -14], [+14 | occupied by
to +70] and | each BCU [-70 to -14], | to +70] and | a 6 MHz/8
[+74 to [+14 to +70], | [+74 to | MHz
+130] [+74 to +130], | +130]  for { channel
[+158 to | each BCU
+214] and
[+ 218 to
+274]
Subcarrier | [-58 to -2] | [-58 to -2] | [-58 to -2] | [-310to -254], | [-142 to - | Position of a
index and [+2 to [ and [+2 to | and [+2 to | [-250 to -194], | 86] , [-82 to | subcarrier
+58] +58] for | +58] for | [-142 to -86], | -26], [+26 | occupied by
each BCU each BCU [-82 to -26],|to +82] and |a 7 MHz
[+26 to +82], | [+87 to | channel
[+86 to +142], | +142]  for
[+194 to | each BCU
+250] and
[+254 to
+310]
[144] A TVHT channel is defined by physical layer management entity (PLME)
management information base (MIB) fields defined in Table 4.
[145] [Table 4] |
Field Meaning

dot!1CurrentChannelWidth

have

values of

TVHT_W,

This field indicates a channel width (this field can

TVHT _2W,

TVHT W+W, TVHT_4W and TVHT 2W+2W).

dot! 1CurrentChannelCenterFrequencylndex0

This field represents an index indicating the center
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frequency of the lowest TV channel in
TVHT_MODE_1, TVHT_MODE_2C

TVHT MODE_4C operations.

and

This field represents an index indicating the center
frequency of the lowest TV channel of a frequency
primary channel in

TVHT_MODE 4N

segment including a

TVHT_MODE 2N and
operations.

The valid range is 1 to 200.

dot11CurrentChannelCenterFrequencylndex!

This field represents an index indicating the center

frequency of the lowest TV channel of a frequency

segment including no primary channel in
TVHT MODE 2N and TVHT _MODE 4N
operations.

The valid range is 1 to 200.
This field is not defined in TVHT_MODE I,
TVHT_MODE_2C and TVHT_MODE_4C

operations.

dot! 1 CurrentPrimaryChannel

This field indicates the position of a primary
TVHT_W channel.
The valid range is 1 to 200.

[146]

As described above with reference to Table 1, the present invention defines the

channel center frequency segment (i.e. dotllCurrentChannelCenterFrequencylndex0 or

dot11CurrentChannelCenterFrequencylndex1 of Table 4) as an index indicating the center

5 frequency of the “lowest” TV channel from among TV channels included in the

corresponding WLAN operation channel.

[147] Variables can be defined as shown in Table 5 to mathematically represent a
channel frequency.
[148] [Table 5]
Variables Meaning

S o dotl 1 CurrentChannelCenterFrequencyindex0 (refer to Table 4)

Seiaxl dot11CurrentChannelCenterFrequencylndex! (refer to Table 4)

Jowidx dotl ]CurrentPrimaryChannel (refer to Table 4)

Jen sian Channel start frequency .

10
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[149] In Table 5, the channel start frequency fcustan is determined according to a
value defined in country information and operating classes (refer to Tables 9 to 12).

[150] When the variables are defined as shown in Table 5, /¢ and fciaw have the
relationship therebetween, which is specified by Equation 1, in TVHT_MODE_I,
TVHT MODE 2C, TVHT _MODE_2N, TVHT MODE_4C or T VHT MODE 4N
operation (otherwise, /. i« and f; a0 have the relationship therebetween, which is specified by
Equation 1, when dotl1CurrentChannelWidth corresponds to TVHT W, TVHT 2W,
TVHT W+W, TVHT 4W or TVHT 2W+2W).

[151] [Equation 1]
Sow iax = Jeidxo + pw
[152] In Equation 1, 0< npw < Npw — 1.
[153] Npw is determined as follows. Npw = 1 in case of TVHT MODE 1 and

TVHT MODE 2N (or TVHT W and TVHT W+W). Npw = 2 in case of
TVHT MODE 2C and TVHT MODE 4N (or TVHT 2W and TVHT 2W+2W). Npy =4
in case of TVHT MODE 4C (or TVHT 4W).

[154] A description will be given of mathemalical representation ol frequency
characteristics (e.g. frequency positions) of the primary channel and secondary channel
according to TVHT operating mode or TVHT channel width.

[155] In a  TVHT-MODE 1, TVHT MODE 2C, TVHT MODE 2N,
TVHT MODE 4C or TVHT _MODE 4N operation (or when ‘dotl1CurrentChannelWidth’
corresponds to TVHT W, TVHT 2W, TVHT W+W, TVHT 4W or TVHT 2W+2W), a
primary TVHT W channel is a channel having a TVHT W bandwidth with a center
frequency of ferstan + W X fow.iax. Here, fpw igx is determined according to Equation 1.

[156] In a TVHT-MODE 2C, TVHT MODE 4C or TVHT MODE 4N operation
(or when ‘dotll1CurrentChannelWidth’ corresponds to TVHT 2W, TVHT 4W or
TVHT 2W+2W), a secondary TVHT W channel is a channel having a TVHT W

~ bandwidth with a center frequency of fopsian + W X fsw.iax- Here, fswiax = few.iax = 1 when

npw is an even number and fsw.iax = fpw.isx - 1 when npyw 1s an odd number.

[157] In a TVHT-MODE 2N operation (6r when ‘dotl 1CurrentChannel Width’
corresponds to TVHT W+W), the secondary TVHT W channel is a channel having a
TVHT W bandwidth with a center frequency of forsanr + W X fswiax. Here, fowiax = feiaxs
(refer to Table 5). '

[158] In a TVHT-MODE 2C, TVHT MODE 4C or TVHT _MODE 4N operation
(or when ‘dotllCurrentChannelWidth® corresponds to TVHT 2W, TVHT 4W or
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TVHT _2W+2W), the primary TVHT W channel is a channel having a TVHT W
bandwidth with a center frequency of fcrsar + W X feowiax + 0.5 x ' W. Here, feow dx i

determined according to Equation 2.

[159] [Equation 2]

[160] Seawidx = feiaxo T 2 X npaw

[161] In Equation 2, 0< npyw < Npaw - 1.

[162] Npaw is determined as follows. Npw = 1 in case of TVHT MODE _2C and

TVHT MODE 4N (or TVHT 2W and TVHT 2W+2W).  Npw = 2 in case of
TVHT MODE 4C (or TVHT _4W).

[163] In a TVHT-MODE _2C, TVHT_MODE 4C or TVHT _MODE_ 4N operation
(or when ‘dotll1CurrentChannelWidth’ corresponds to TVHT 2W, TVHT 4W or
TVHT_2W+2W), a secondary TVHT 2W channel is a channel having a TVHT 2W
bandwidth with a center frequency of fohsan + W X foowiax + 0.5 x W. Here, foowiax =
Jfrawiax + 2 when nppw is an even number and foowiax = fraw.idx - 2 when npw is an odd
number.

[164] In a TVHT-MODE 4C operation (or when ‘dotllCurrentChannelWidth’
corresponds to TVHT 4W), the secondary TVHT 2W channel is a channel having a
TVHT 2W bandwidth with a center frequency of fciisan + W % foawaae = 0.5 x W. Here,
Jsaw.idx = fraw.idx + 2 when npyw is an even number and fs;w.iax = fraw.idx - 2. When mpyw is an
odd number.

[165] In a TVHT-MODE 4N operation (or when ‘dotl1CurrentChannelWidth’
corresponds to TVHT_2W+2W), the secondary TVHT 2W channel is a channel having a
TVHT_2W bandwidth with a center frequency of fcrsan + W % faswiax + 0.5 x W. Here,
JSsw.idx = fe.iax1 (refer to Table 5). |
[166] A transmitted signal is described by complex baseband signal notation. The
transmitted signal is associated with a complex baseband signal according to the
relationship defined by Equation 3.

[167] [Equation 3]

rese ™) = Re{ rlz régsy ™ exp(i2ns, > t)}
Seg

lseg = 0, ...,Nseg"‘l; lyy = 1, ""NTX
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[168] In Equation 3, Re{X} denotes the real part of a complex value X, Ny, denotes

(iSegl iTX)(t)

the number of frequency segments of the transmitted signal, "pPDU represents a

ich)
complex baseband signal of a frequency segment /s, at a transmit antenna iry, and /i
represents the center frequency of part of a PPDU transmitted in the frequency segment is.,.
[169] In TVHT MODE 2C and TVHT MODE 4C, a gap between center

frequencies of adjacent frequency segments is as shown in Table 3.

iseg) :
[170] As shown Table 6, /xc can be represented as a function of

dotl 1 CurrentChannelBandwidth.

transmitted in the frequency segment is.q.

Table 6 shows the center frequency of a PPDU

[171] [Table 6]
‘ /’C,(f"'““) = ferr sian W X f(w + Correction
dotl1CurrentChannelB | CH_BANDWID "
andwidth TH (fio,Correction) (f,Correction)
TVHT_W TVHT W (fe.jax0, 0) -
TVHT_W Urw s 0) -
TVHT 2w
TVHT_ 2W (feiuros 0.5 W) -
TVHT W+W . TVHT W (fowjaes 0) -
TVHT W+W (feiaxor 0) (fesax1> 0)
TVHT W (few,iaxs 0) -
TVHT_4W TVHT 2W (frowjaxs 0.5%W) -
TVHT 4w (Feiavos 1.5 W) -
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TVHT 2W+2W TVHT_W | (Fowas, 0) -
TVHT 2W (frawias» 0.5%W) -
TVHT 2W+2W (a0, 0.5%W) (i1, 0.5XW)
[172] In Table 6, when dotl 1 CurrentChannelBandwidth = TVHT 2W+2W, foy iux =

feiaxo in the channel bandwidth TVHT W according to Equation 1. In addition, when
dot11CurrentChannelBandwidth = TVHT 2W+2W, fopwise = feizw in the channel
bandwidth TVHT 2W according to Equation 2

[173] While a signal transmitted in TVHT MODE 2N and TVHT MODE_4N may
suffer a phase offset or phase noise between two frequency segments in TVHT MODE 2N
or TVHT MODE 4N, the phase offset or phase noise is not represented in Equation 3 for
clarity.

[174] Table 7 shows a tone scaling factor and guard interval duration with respect to

Tone

PLCP fields. In Table 7, values Nield of various fields are arranged as a function of the
number of BCUs (that is, TVHT MODE_1 has a BCU, TVHT MODE 2C and
TVHT_MODE _2N have two BCUs and TVHT MODE 4C and TVHT MODE 4N have

four BCUs).
[175] [Table 7]
Nroia
Guard
Number | Number | Number
Field : interval
of BCUs | of BCUs | of BCUs
: duration
=1 =2 =4
L-STF | 24 48 96 -
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|
L-LTF : 104 208 416 Tar
L-SIG 104 208 416 T
TVHT-SIG-A 104 208 416 T
TVHT-STF 24 48 96 -
TVHT-LTF 114 228 456 T
TVHT-SIG-B 114 228 456 Tty
TVHT-Data 114 228 484 T(;/ or T(,‘IS
NON_HT_DUP_OFDM- 104 - 208 416 Te
Data J
[176] In Table 7, NON_HT_DUP_OFDM-Data denotes a NON-NT PPDU having a
format type of NON_HT DUP_ OFDM. '
[177] In Table 7, T denotes a normal guard interval duration (in microseconds) and

Tgp represents a double guafd interval value (double the normal guard interval duration).

In TVHT-Data, Tg; denotes a guard interval duration when GI TYPE of the parameter
TXVECTOR has a value LONG_GI and Tgs denotes a short guard interval duration when
GI _TYPE of the parameter TXVECTOR has a value SHORT GI. |

[178] A function y,, representing tone rotation can be defined as shown in Table 8.

Table 8 shows transmission modes and y, ,, .

[179] [Table 8]

Transmission mode Vi
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TVHT_MODE_|,

Vi per segment
TVHT_MODE_2N J
TVHT_MODE_2C, Y., for two

TVHT _MODE_4N | contiguous segments

TVHT MODE_4C Via

[180] With reference to Table 8, y,, =1 when k<0 and y,, =/ when k>0 for

TVHT _MODE 1 and TVHT MODE 2N PPDU transmission.
[181] For TVHT _MODE_1 and TVHT MODE 2N PPDU transmission. », , =1

when k<-72 and y, ,=-1 wher; k>-72 in case of 6MHz and 8MHz channels, and y, ,=1 when
k<-84 and y, ,=-1 when k>-84 in case of a 7MHz channel.

[182) For TVHT _MODE _4C PPDU transmission, y,, =1 when k<-216, y, , =-1
when -216<k<0, y,,=1 when 0<k<72 and y, ,=-1 when k>72 in case of 6MHz and 8MHz
channels. In case of a 7MHz, y, ,=1 when k<-252, y, ,=-1 when -252<k<0, y,,=1 when

0<k<84 and y, ,=-1 when k>84.

[183] Channelization

[184] A TVHT channel can be specified by fields for specifying a TVHT as shown
Table 4. |

[185] W or TVHT W is represented in MHz and can be defined as one of 6, 7 and 8

MHz according to regulatory domain.
[186] When the fields  ‘dotl1CurrentChannelCenterkrequencylndex0”  and
‘dot11CurrentChannelCenterFrequencylndex1’ are given, the center frequencies thereof are
determined according to Equation 4.
[187) [Equation 4]

Channel center frequency [MHz] = Channel start frequency

+ TVHT_Wxdotl 1CurrentChannelCenterFrequencylndex +

ChannelCenterFrequencyCorrection
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[188] In Equation 4, the channel start frequency is determined by a value defined in
country information and operating classes (refer to Tables 9 to 12).

[189] In Equation 4, ‘dotl1CurrentChannelCenterFrequencylndex’ corresponds to
‘dotl 1 CurrentChannelCenterFrequencylndex0’ or
‘dotl 1CurrentChannelCenterFrequencylndex!’.

[190] In Equation 4, ‘channelCenterFrequencyCorrection’ can be defined as 0 for
TVHT MODE 1, 0.5 x TVHT_W for TVHT MODE_2C and TVHT_MODE_2N and 1.5 x
TVHT W for TVHT MODE 4C and TVHT MODE_4N. Otherwise,
‘channelCenterFreq-uencyCorrection’ can be defined as 0 for TVHT MODE | and
TVHT MODE 2N, 0.5 x TVHT W for TVHT MODE 2C and TVHT MODE 4N and 1.5
x TVHT W for TVHT _MODE 4C.

[191] The channel start frequency is a frequency at which the channel number of the
regulatory domain corresponds to a radio local area network (RLAN) channel number. That
is, the channel start frequency is defined as the center frequency of the first channel. The
channel start frequency is the center frequency of a channel corresponding to channel index 0
when the channel index is counted from O and corresponds to the center frequency of a
channel corresponding to channel index 1 when the channel index is counted from 1.

[192] For example, the center frequency of TV channel 2 of U.S. is 57 MHz. This is
obtained according to Equation 4 as follows. As to US TV channel 2, the channel start
frequency is 45 MHz (refer to  Table 9), TVHT_W = O6MHz, and
ChannelCenterFrequencyCorrection = 0 in TVHT_MODE_1. Accordingly, the channel start
frequency [MHz] = Channel start frequency + TVHT W x
dot11CurrentChannelCenterFrequencylndex + ChannelCenterFrequencyCorrection = 45 + 6
x2+0=>57MHz.

[193] FIG. 9 illustrates TVHT channelization.

(194] An available channel list in a TVWS band is determined based on TV channel
numbers and a WLAN channel (or WLAN operation channel) can be determined in
consideration of the available channel list. FIG. 9 assumes a case in which TV channel
indices 0 to 4 are available in an available channel list and a WLAN channel corresponding to
channel indices 2 and 3 is configured. That is, it is assumed that the WLAN channel has a
channel width of TVHT 2W and a PPDU is transmitted according to TVHT MODE 2C
operation.

[195] In this case, the channel center frequency is 0.045 GHz, that is, 45 MHz, as

described above (refer to Table 9). As described above with reference to Table 4,
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‘dot11CurrentChannelCenterFrequencylndex’denotes the center frequency of a lowest TV
channel of a frequency segment (i.e. a unit composed of two BCUs). In the example of FIG.
9, when ‘dotl1CurrentChannelCenterFrequencylndex’ = 2, the index (i.e. TV channel
number) of the center frequency of the lowest TV channel from among TV channels included
in a frequency segment of the WLAN channel is 2.
[196] In the example of FIG. 9, since the WLAN channel is composed of the
frequency segment including two contiguous BCUSs, the center frequency of the WLAN
channel can be calculated based on Equation 4. Channel start frequencies of US TV
channels 2 and 3 correspond to 45 MHz (refer to Table 9), TVHT W = 6MHz, and
‘ChannelCenterFrequencyCorrection” = 0.5 x TVHT W = 3 in TVHT MODE 2C.
Accordingly, it can be confirmed that Channel center frequency [MHz] = Channel start
frequency + TVHT W X dot11CurrentChannelCenterFrequencylndex +
ChannelCenterFrequencyCorrection =45 + 6 x 2 + 3 = 60 MHz.
[197] In the example of FIG. 9, only part of the frequency band of a TV channel is
used for the WLAN channel because requirement for an adjacent channel leakage power
ratio (ACLR) is strict. Furthermore, when different bandwidths of different BSSs coexist,
complexity and costs necessary for an STA to support the different bandwidths increase.
To solve this, a WLAN channel is located in the middle of a TVH channel. Accordingly, a
single BCU is located in the middle of a single TV channel in the example of FIG. 9. When
the number of subcarriers of a TV channel is 144, the number of subcarriers occupied by a
BCU can be 128.
[198] The center frequency of the primary TVHT W channel can be determined
according to Equation 5.
[199] [Equation 5]
Primary channel center frequency [MHz]

= Channel start frequency + TVHT W x dot1 1CurrentPrimaryChannel
[200] Any two non-identical channels can be used in TVHT MODE_2N operation.
[201] In TVHT_MODE 4N operation, two arbitrary channels permitted as a
TVHT_2W channel can be used. The center frequencies of these two channels need to be
largely separated from each other, compared to TVHT 2W. That is, the difference between
‘dot1 1CurrentChannelCenterFrequencyIndex(’ and
‘dotl 1 CurrentChannelCenterFrequencylndex1’ needs to correspond to a frequency

difference larger than 2.
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[202] For example, a US channel specified by dotl!CurrentChannelBandwidth =
TVHT 2W  (12MHz), dotllCurrentChannelCenterFrequencylndex0 = 15 and
dotl ICurrentPrimaryChaﬁnel =16 is assumed. This channel has a bandwidth of 12 MHz,
center frequency of 482 MHz and primary 6MHz channel center frequency of 485 MHz
(refer to Equations 4 and 5 and Table 9).

[203] Alternatively, a US channel specified by dotl!CurrentChannelBandwidth =
TVHT 4W (24 MHz), dotl1CurrentChannelCenterFrequencylndex0 = 14 and
dot11CurrentPrimaryChannel = 17 is assumed. This channel has a bandwidth of 24 MHz,
center frequency of 482 MHz and primary 6MHz channel center frequency of 491 MHz
(refer to Equations 4 and 5 and Table 9).

[204] Alternatively, a US channel specified by dotl!CurrentChannelBandwidth =
TVHT 2W+2W (12412 MHz), = dotl 1CurrentChannelCenterFrequencylndex0 = 15,
dot11CurrentPrimaryChannel = 40 and dot1 1 CurrentPrimaryChannel = 16 is assumed. For
this channel, the bandwidth is 12+12 MHz, the bandwidth of frequency segment 0 is 12
MHz, the center frequency of frequency segment 0 is 482 MHz, the bandwidth of frequency
segment 1 is 12 MHz, the center frequency of frequency segment 1 is 632 MHz, and the
center frequency of the primary 6MHz channel is 485 MHz (refer to Equations 4 and 5 and
Table 9). |

[205] Country information and operating classes

[206] A country element includes information necessary for an STA to set the PHY
and MAC thereof such that the PHY and MAC operate when an operating triplet is present.
The operating triplet can include operating extension identifier, operating class and
coverage class fields.

[207] The operating class is an index indicating a set of values for radio operation in
the regulatory domain. The following tables (Tables 9 to 12) showing the operating class
include information that represents additional operation requirements for behaviors and
signal detection limits. That is, the operating class can be composed of a channe! start
frequency, a channel spacing, a channel set and a behavior limit set.

[208] In the operating class, the channel start frequency is a variable provided for
each channel number and has a frequency value. The channel start frequency can be used
with a channel number to calculate a channel center frequency. The channel spacing refers
to a difference between center frequencies of non-overlapping adjacent channels when a
maximum bandwidth permitted in the corresponding operating class is used. The channel

set is a list of legal integer channel numbers in the corresponding regulatory domain and
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class. The behavior limit set refers to behavior limits (refer to Annex D of IEEE 802.11

standard documents) defined in various regulatory domains.

[209]

Tables 9 to 12 show operating classes of U.S., Europe, Japan and a global

operating class. Definition of the operating class can be corrected or superseded according

to change in regulations of an area or country.

[210]

[Table 9]

Operating

class

Global

operating

class

(Table 12)

Channel

start

frequency

(GHz)

Channel

spacing

(MHz)

Channel

set

Channel

center

frequency

index

Behavior

limits set

<ANA>

0.045

(channels 2-

4), 0.049

(channels 5,

6), 0.135

(channels 7-

13) or 0.389

(channels

14-51)

GeoDB

<ANA+1>

0.045

(channels 2-

4), 0.049

12°

GeoDB
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(channels 5,
6), 0.135
(channels 7-
13) or 0.389
(channels
14-51)
<ANA+2> 0.135 24 —— — GeoDB
(channels 7-
13) or 0.389
(channels
14-51)
[211] [Table 10]
Operating Global Channel Channel Chaunel Channel Behavior
class operating start spacing set center limits set
class frequency (MHz) frequency
(Table 12) (GHz) index
<ANA> 7,8 — — GeoDB
<ANA+1> 14,16 — — GeoDB
<ANA+2> 28,32 — — GeoDB
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Operating

class

1

Global

operating

class (Table

12)

Channel

start

frequency

(GHz)

Channel

spacing

(MHz)

Channel

set

Channel

center

frequency

index

Behavior

limits set

<ANA>

0.087

(channels 1-

3),0.149

(channels 4-

12), or 0.395

(channels

13-62)

GeoDB

<ANA+1>

0.087

(channels 1-

3),0.149

(channels 4-

12), or 0.395

(channels

13-62)

12

GeoDB
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<ANA+2> 0.149 24 o — GeoDB
(channels 4-
12) or 0.395
(channels
13-62)
[213] [Table 12]
Operating | Nonglobal Channel Channel Channel Channel Behavior
class operating start spacing set center limits set
class(es) fre‘quency (MHz) frequency
(GHz) index
<ANA> <ANA> 6,7, 8 — — GeoDB
<ANA+1> | <ANA+I> 12,14, 18 — — GeoDB
<ANA+2> | <ANA+2> 24, 28, 32 — — GeoDB
[214] As can be seen vfrom Table 9, the channel start frequency of TV channels #2, #3

and #4 is different from the channel start frequency of TV channels #5 and #6 in the case of

U.S. In addition, the channel start frequency of TV channels #5 and #6 is different from the

channel start frequency of TV channels #7 to #13 and the channel start frequency of TV

channels #7 to #13 is different from the channel start frequency of TV channels #14 to #51,

This is because TV channels #4 and #5 are separated from each other in terms of frequency,

TV channels #6 and #7 are separated from each other in terms of frequency, and TV

channels #13 and #14 are separated from each other in terms of frequency (the band

between TV channels #4 and #5, the band between TV channels #6 and #7 and the band
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between TV channels #13 and #14 are defined for various other purposes (e.g. an amateur
radio band, international FM radio band, marine VHF radio band, etc.)).

[215] To represent the center frequency of a WLAN channel, a channel start
frequency value needs to be given, as described above with reference to Equation 4.
However, it is not possible to apply the same channel start frequency to all TV channels
because TV channels are not contiguous in terms of frequency, as described above.

[216] FIG 10 illustrates exemplary frequency positions of TV channels.

[217] In FIG. 10, to represent the center frequency of a WLAN channel including a
frequency segment present in a frequency band corresponding to TV channel #4 (refer to
Equation 4), a channel start frequency is given as 0.045 GHz. The channel start frequency
(= 45MHz) corresponds to the center frequency of TV channel #0 when it is assumed that
TV channels #0 to #4 are contiguously present when a TV channel width is 6 MHz on the
basis of the center frequency (= 69 MHz) of TV channel #4 (that is, the center frequency of
TV channel #3 is 63 MHz, the center frequency of TV channel #2 is 57 MHz, the center
frequency of virtual TV channel #1 is 51 MHz and the center frequency of virtual TV
channel #0 is 45 MHz).

[218] Similarly, to represent the center frequency of a WLAN channel including a
frequency segment present in a frequency band corresponding to TV channel #5 (refer to
Equation 4), the channel start frequency is given as 0.049 GHz. The channel start frequency
(= 499MHz) corresponds to the center frequency of TV channel #0 when it is assumed that
TV channels #0 to #5 are contiguously present when a TV channel width is 6 MHz on the
basis of the center frequency (= 79 MHz) of TV channel #5 (that is, the center frequency of
virtual TV channel #4 is 73 MHz, the center frequency of virtual TV channel #3 is 67 MHz,
the center frequency of virtual TV channel #2 is 61 MHz and the center frequency of virtual
TV channel #0 is 49 MHz).

[219] That is, a channel start frequency applied to a TV channel in Table 9
corresponds to the center frequency of the first virtual channel (e.g. virtual TV channel #0
when the TV channel index is counted from 0) in the TV channel.

[220] In TVHT channelization proposed by the present invention, the channel start
frequency is varied according to ‘dotl 1CurrentChannelCenterFrequencylndex’, as shown in
Tables 9 to 12, and the center frequency of a WLAN operation channel is determined based
on ‘dotl1CurrentChannelCenterFrequencylndex’ and the channel start frequency, as

represented by Equation 4.
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[221] For example, it is assumed that dotll1CurrentChannelBandwidth =
TVHT W+W (6+6 MHz), dotll1CurrentChannelCenterFrequencylndex0 = 4 and
dot11CurrentChannelCenterFrequencylndex! = 6 in the U.S.

[222] In this case, the channel start frequency of the first channel (i.c.
dotl1CurrentChannelCenterFrequencylndex0 = 4) is 0.045x1000 = 45 MHz according to
Table 9 and the center frequency thereof is 45 + 6x4 + 0 = 69 MHz according to Equation 4.
[223] The channel start frequency of the second channel (i.e.
dot11CurrentChannelCenterFrequencylndex1 = 6) is 0.049x1000 = 49 MHz according to
Table 9 and the center frequency thereof is 49 + 6x6 + 0 = 85 MHz according to Equation 4.
[224] That is, the channel start frequency is defined as a function of
‘dotl 1CurrentChannelCenterFrequencylndex’, as described above with reference to Tables
9 to 12 and FIG. 10. The relationship between the channel start frequency and
‘dot11CurrentChannelCenterFrequencylndex’ can be defined according to regulatory
domain and examples thereof are as shown in Tables 9 to 12. ,

[225] FIG. 11 illustrates an operation of an STA according to an embodiment of the
present invention.

[226] A first STA (e.g. AP STA) can determine a TVHT operation information
parameter in step S1110. TVHT operation information may correspond to the TVHT
operation information field described above with reference to FIG. 7.

[227] The first STA can transmit a frame including the TVHT operation information
field to a second STA in step S1120 and the second STA can receive the frame in step
S1130. |

[228] The second STA can determine the center frequency of an operation channel
from the received TVHT operation information field in step S1140. Accordingly,
channelization of an STA operating in a TVHT BSS can be performed.

[229] In the TVHT operation information transmission/reception and channelization
method described with reference to FIG. 11, the above-described embodiments of the
present invention can be indepehdently applied or two or more embodiments can be
simultaneously applied.

[230] FIG. 12 illustrates a configuration of an RF device according to an embodiment
of the present invention.

[231] A first STA 10 may include a processor 11, a memory 12 and a transceiver 13.
A second STA 20 may include a processor 21, a memory 22 and a transceiver 23. The

transceiver 13 and 23 can transmit/receive a radio signal and implement a physical layer
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according to IEEE 802, for example. The processor 11 and 21 can be connected to the
transceiver 13 and 23 to implement the physical layer and/or an MAC layer according to
IEEE 802. The processor 11 and 21 can be configured to perform operations according to
the above-described embodiments of the present invention. Modules for implementing
operations of the first and second STAs according to the above-described. embodiments of
the present invention can be stored in the memory 12 and 22 and executed by the processor
11 and 21. The memory 12 and 22 can be included in the processor 11 and 21 or provided
outside the processor 11 and 21 and connected to the processor 11 and 21 through known
means.

[232] The processor 11 of the first STA 10-acc0rding to an embodiment of the
present invention can be configured to transmit a frame including the TVHT operation
information field to the second STA 20 using the transceiver 12. The processor 11 of the
first STA 10 can configure the TVHT operation information field. as described above with
reference to FIG. 7 and each subfield included in the TVHT operation information field can
be configured according to the above-described embodiments of the present invention.

[233] The processor 21 of the second STA 20 according to an embodiment of the
present invention can be configured to receive the frame including the TVHT operatibn
information field from the first STA 10. The processor 21 of the second STA 20 can be

configured to perform channelization such as determination of the center frequency of an

- operation channel using set values of subfields included in the received TVHT operation

information field and to carry out MAC and/or PHY operations according to channelization.
[234] The configuration of the first STA 10 and the second STA 20 can be
implemented such that the above-described embodiments of the present invention are
independently applied or two or more embodiments are simultaneously applied and
descriptions of redundant parts are omitted for clarity.

[235] The embodiments of the present invention may be achieved by various means,
for example, hardware, firmware, software, or a combination thereof.

[236] In a hardware configuration, the methods according to the embodiments of the
present invention may be achieved by one or more Application Specific Integrated Circuits
(ASICs), Digital Signal Processors (DSPs), Digital Signal Processing Devices (DSPDs),
Programmable Logic Devices (PLDs), Field Programmable Gate Arrays (FPGAs),

processors, controllers, microcontrollers, microprocessors, etc.

' [237] In a firmware or software configuration, the embodiments of the present

invention may be implemented in the form of a module, a procedure, a function, etc. For
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example, software code may be stored in a memory unit and executed by a processor. The
memory unit is located at the interior or exterior of the processor and may transmit and
receive data to and from the processor via various known means.

[238] Those skilled in the art will appreciate that the present invention may be
carried out in other specific ways than those set forth herein without departing from the
spirit and essential characteristics of the present invention. The above embodiments are
therefore to be construed in all aspects as illustrative and not restrictive. The scope of the
invention should be determined by the appended claims and their legal equivalents, not by
the above description, and all cihanges coming within the meaning and equivalency range
of the appended claims are intended to be embraced therein..

[Industrial Applicability]
[239] While the above-described embodiments of the present invention focus on

IEEE 802.11, they are applicable to various mobile communication systems in the same

~ manner.
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[CLAIMS]
[Claim 1}

A method for providing whitespace operation information, the method comprising;:

transmitting, by a first station (STA) to a second STA, a frame including a TV
whitespace high throughput (TVHT) operation information field,

wherein the TVHT operation information field includes a primary channel number, a
channel width, a channel center frequency segment 0 and a channel center frequency
segment | subfields,

wherein a channel center frequency of a frequency segment 0 or a frequency
segment | is determined based on a channel start frequency,

wherein the channel start frequency is determined as a function of a TV channel
index corresponding to the frequency segment 0 or a TV channel index corresponding to the
frequency segment 1.

[Claim 2]

The method according to claim 1, wherein the channel start frequency is set to a
center frequency of a TV channel corresponding to a 0-th TV channel index on the basis
of the TV channel index corresponding to the frequency segment 0 or the TV channel index
corresponding to the frequency segment 1.

[Claim 3]

The method according to claim 1, wherein the TV channel index corresponding to
the frequency segment O or the TV channel index corresponding to the frequency segment 1
is the index of a lowest TV channel in the frequency segment O or the frequency segment 1.

[Claim 4]

The method according to claim 1, wherein:

if the channel width corresponds to a basic channel unit (BCU), two contiguous
BCUs or four contiguous BCUs,

the channel center frequency segment O subfield is set to a value indicating a
lowest TV channel index for a channel including the BCU, the two contiguous BCUs or
the four contiguous BCUs, on which a TVHT basic service set (BSS) operates.

[Claim 5]
The method according to claim 4, wherein:
if the channel width corresponds to one of two non-contiguous BCUs or two non-

contiguous frequency segments,
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the channel center frequency segment O subfield is set to a value indicating a
lowest TV channel index for a channel including a BCU or two contiguous BCUs of the
frequency segment 0 on which a TVHT BSS operates, and

each frequency segment includes two contiguous BCUs.

[Claim 6]

The method according to claim 5, wherein the frequency segment O is a frequency

segment including a primary channel.
[Claim 7]

The method according to claim 5, wherein:

if the channel width corresponds to one of two non-contiguous BCUs or two non-
contiguous frequency segments,

the channel center frequency segment 1 subfield is set to a value indicating a
lowest TV channel index for a channel including a BCU or two contiguous BCUs of the
frequency segment 1 on which a TVHT BSS operates.

[Claim 8]

The method according to claim 7, wherein the frequency segment 1 is a frequency

segment that does not include a primary channel.
[Claim 9]

The method according to claim 1, wherein Channel center frequency = Channel
starting frequency + TVHT W x dotl1CurrentChannelCenterFrequencylndex +
ChannelCenterFrequencyCorrection,

where,

Channel center frequency is the center frequency of a channel,

Channel starting frequency is the channel start frequency,

TVHT W denotes one BCU,

dot11CurrentChannelCenterFrequencylndex is the TV channel index corresponding
to the frequency segment O or the TV channel index corresponding to the frequency
segment 1, and

ChannelCenterFrequencyCorrection is a predetermined correction value.

[Claim 10]

The method according to claim 9, wherein:
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the predetermined correction value is 0 if a PPDU (Physical layer convergence
procedure (PLCP) Protocol Data Unit) is transmitted using a BCU or two non-contiguous
BCUs,
the predetermined correction value is 0.5 x TVHT W if the PPDU is transmitted
using two contiguous BCUSs or two non-contiguous frequency segments, and
the predetermined correction value is 1.5 x TVHT W if the PPDU is transmitted
using four contiguous BCUs,
wherein each frequency segment includes two contiguous BCUs.
[Claim 11]
The method according to claim 1, wherein the TVHT operation information field
has a size of 4 octets, and
wherein each of the primary channel number, the channel width, the channel center
frequency segment 0 and the channel center frequency segment 1 subfields has a size of 1
octet. |
[Claim 12]
The method according to claim 1, wherein the first STA is an access point (AP) STA
and the second STA is a non-AP STA.
[Claim 13]
A method for receiving whitespace operation information, the method comprising:
receiving, by a second station (STA) from a first STA, a frame including a TVHT
operation Vinformation field,
wherein the TVHT operation information field includes a primary channel number, a
channel width, a channel center frequency segment 0 and a channel center frequency
segment 1 subfields, ‘
wherein a channel center frequency of a frequency segment 0 or a frequency
segment 1 is determihed based on a channel start frequency, '
wherein the channel start frequency is determined as a function of a TV channel
index corresponding to the frequency segment 0 or a TV channel index corresponding to the
frequency segment 1.
[Claim 14]
A station (STA) device providing whitespace operation information, comprising:
a transceiver; and '

a processor,

44



10

15

20

25

WO 2014/027808 PCT/KR2013/007234

wherein the processor is configured to control the STA device to transmit a frame
including a TVHT operation information field to another STA device using the transceiver,

wherein the TVHT operation information field includes a primary channel number, a
channel width, a channel center frequency segment 0 and a channel center frequency
segment 1 subfields,

wherein a channel center frequency of a frequency segment 0 or a frequency
segment | is determined based on a channel start frequency,

wherein the channel start frequency is determined as a function of a TV channel
index corresponding to the frequency segment 0 or a TV channel index corresponding to the
frequency segment 1.

{Claim 15}

A station (STA) device receiving whitespace operation information, comprising:

a transceiver; and |

a processor,

wherein the processor is configured to control the STA device to receive a frame
including a TVHT operation information field from another STA device using the
transceiver,

wherein the TVHT operation information field includes a primary channel number, a
channel width, a channel center frequency segment 0 and a channel center frequency
segment | subfields, '

wherein a channel center freqﬁency of a frequency segment 0 or a frequency
segment 1 is determined based on a channel start frequency,

wherein the channel start frequency is determined as a function of a TV channel
index corresponding to the frequency segment 0 or a TV channel index corresponding to the

frequency segment 1.
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