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SIGNALING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
U.S. Provisional Application Nos. 61/985,409 and 62/088,
450, filed on Apr. 28, 2014 and Dec. 5, 2014 in the U.S. Patent
and Trademark Office and priority to and the benefit of
Korean Patent Application No. 10-2015-0049155, filed on
Apr. 7, 2015 in the Korean Intellectual Property Office, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] (a) Field

[0003] The described technology relates generally to a sig-
naling method. More particularly, the described technology
relates generally to a signaling method in a wireless local area
network (WLAN).

[0004] (b) Description of the Related Art

[0005] A WLAN is being standardized by the IEEE (Insti-
tute of Electrical and Electronics Engineers) Part 11 under the
name of “Wireless LAN Medium Access Control (MAC) and
Physical Layer (PHY) Specifications.”

After an original standard was published on 1999, new ver-
sion standards are continuously published by amendments.
The IEEE standard 802.11a (IEEE Std 802.11a-1999) sup-
porting 2.4 GHz band was published on 1999, and the IEEE
standard 802.11g (IEEE Std 802.11g-2003) supporting 5
GHz band was published on 2003. These standards are called
legacy. Subsequently, the IEEE standard 802.11n (IEEE Std
802.11n-2009) for enhancements for higher throughput (HT)
was published on 2009, and the IEEE standard 802.11ac
(IEEE 802.11ac-2013) for enhancements for very high
throughput (VHT) was published on 2013. Recently, a high
efficiency WLAN (HEW) for enhancing the system through-
put in high density scenarios is being developed by the IEEE
802.11ax task group.

[0006] In such WLAN scenarios, a transmitting device
transmits a frame having a signal field including signaling
information to allow a receiving device to successfully
receive and decode the frame. When the signaling informa-
tion is increased, the number of symbols included in the
signal field is required to be increased. However, if the num-
ber of symbols included in the signal field is increased, a
minimum length of a frame is increased such that the trans-
mission efficiency is deteriorated. Accordingly, a scheme for
additionally transmitting the signaling information is
required without increasing the number of symbols.

SUMMARY

[0007] An embodiment of the present invention provides a
signaling method for additionally transmitting signaling
information.

[0008] According to another embodiment of the present
invention, a signaling method is provided by a device in a
wireless local area network. The method includes including
signaling information in an address field, generating a MAC
frame including the address field, and transmitting a PHY
frame including a data field into which the MAC frame is
inserted.

[0009] The address field may further include a compressed
address into which an address of the device or an address of a
device destined to receive the MAC frame is compressed.
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[0010] The address field may further include a plurality of
compressed addresses into which addresses of a plurality of
devices destined to receive the MAC frame are respectively
compressed.

[0011] The signaling information may include information
on a number of the compressed addressed.

[0012] The signaling information may include signaling
information dedicated to each of the plurality of devices.
[0013] All bytes of the address field may be assigned to the
signaling information. The signaling information may
include information on basic service set (BSS) to which the
device belongs.

[0014] The information on the BSS may include a BSS
color identifier for distinguishing neighboring BSSs.

[0015] The information on the BSS may include a partial
association identifier generated by some bits of an association
identifier of the device and an identifier of the BSS.

[0016] The PHY frame may further include an indication
for indicating whether the signaling information is transmit-
ted through the address field.

[0017] The indication may be included in the signaling
information.
[0018] The MAC frame may further include a frame control

field, and the indication may be carried by a predefined value
of a subtype field in the frame control field.

[0019] The MAC frame may further include a frame control
field, and the indication may be carried by a predefined bit of
the frame control field.

[0020] The indication may be carried by a predefined bit of
the address field.

[0021] The MAC frame may further include a duration
field, and the indication may be carried by a predefined value
of the duration field.

[0022] The data field may include a service field, and the
indication may be carried by a predefined bit of the 8thto 16th
bits in the service field.

[0023] The data field may include a service field, initial 7
bits of the service field may correspond to initial 7 bits of the
scrambling sequence, and the indication may be carried by a
predefined bit of the initial 7 bits of the scrambling sequence.
[0024] Inthis case, the predefined bit may include the 4th or
5th bit of the initial 7 bits of the scrambling sequence.
[0025] According to yet another embodiment of the present
invention, a signaling method is provided by a device in a
wireless local area network. The method includes receiving a
PHY frame, extracting a MAC frame from a data field of the
PHY frame, and extracting signaling information from an
address field of the MAC frame.

[0026] The address field may further include a compressed
address into which an address of the device or an address of a
device transmitting the MAC frame is compressed.

[0027] All bytes of the address field may be assigned to the
signaling information, and the signaling information may
include information on BSS to which the device belongs.
[0028] According to still another embodiment of the
present invention, a signaling apparatus of a device in a wire-
less local area network is provided. The device includes a
processor and a transceiver. The processor includes signaling
information in an address field, generates a MAC frame
including the address field, and generates a PHY frame
including a data field into which the MAC frame is inserted.
The transceiver transmits the PHY frame.

[0029] According to further embodiment of the present
invention, a signaling apparatus of a device in a wireless local
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areanetwork is provided. The device includes a processor and
a transceiver. The transceiver receives a PHY frame. The
processor extracts a MAC frame from a data field of the PHY
frame and extracts signaling information from an address
field of the MAC frame.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG.1 is a schematic block diagram exemplifying a
WLAN device.
[0031] FIG.2 is a schematic block diagram exemplifying a

transmitting signal processor in a WLAN.

[0032] FIG. 3 is a schematic block diagram exemplifying a
receiving signal processing unit in the WLAN.

[0033] FIG. 4 exemplifies IFS relationships.

[0034] FIG. 5 is a schematic diagram explaining CSMA/
CA based frame transmission procedure for avoiding colli-
sion between frames in a channel.

[0035] FIG. 6 schematically shows an example structure of
a WLAN frame.

[0036] FIG. 7 shows an example format of an RTS frame in
a WLAN.

[0037] FIG. 8 shows an example format of a CTS frame in
a WLAN.

[0038] FIG. 9 shows an example format a management
frame in a WLAN.

[0039] FIG. 10 exemplifies a structure of a data field in a
WLAN.
[0040] FIG. 11 and FIG. 12 show an example of downlink

transmission in a WLAN.

[0041] FIG. 13 and FIG. 14 show an example of uplink
transmission in a WLAN.

[0042] FIG. 15 shows another example of uplink transmis-
sion in a WLAN.

[0043] FIG. 16 exemplifies a structure of a request frame in
a WLAN according to an embodiment of the present inven-
tion.

[0044] FIG. 17 exemplifies a structure of a response frame
ina WLAN according to an embodiment of the present inven-
tion.

[0045] FIG.18,FIG.19,FIG. 20, and FIG. 21 exemplify an
address field included in a frame of a WLAN according to
various embodiments of the present invention.

[0046] FIG.22,FIG.23,FIG. 24, FI1G. 25,F1G. 26 and FIG.
27 exemplify a request frame using a compressed address
according to various embodiments of the present invention.
[0047] FIG. 28 and FIG. 29 exemplify a response frame
using a compressed address according to various embodi-
ments of the present invention.

[0048] FIG. 30, FIG. 31, and FIG. 32 exemplify a request
frame without a compressed address according to various
embodiments of the present invention.

[0049] FIG. 33 exemplifies a response frame without a
compressed address according to various embodiments of the
present invention.

[0050] FIG. 34 shows an example of an exchange of a
request frame and a response frame shown in FIG. 30 to FIG.
33.

[0051] FIG. 35 exemplifies a frame control field in a
WLAN according to an embodiment of the present invention.
[0052] FIG. 36 and FIG. 37 exemplify a TA field of a
request frame in a WLAN according to embodiments of the
present invention.

[0053] FIG. 38 exemplifies a service field in a WLAN
according to an embodiment of the present invention.
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[0054] FIG. 39 exemplifies a scramble generator in a
WLAN according to an embodiment of the present invention.
[0055] FIG. 40, FIG. 41, FIG. 42, FIG. 43, FIG. 44, and
FIG. 45 show examples transmitting a BSS color ID as sig-
naling information in a WLAN according to an embodiment
of the present invention.

[0056] FIG. 46, FIG. 47, FIG. 48, and FIG. 49 show
examples for transmitting calibration information and/or
resource allocation information as signaling information in a
WLAN according to an embodiment of the present invention.
[0057] FIG. 50 shows an example for transmitting power
saving information as signaling information in a WLAN
according to an embodiment of the present invention.
[0058] FIG. 51 shows an example for transmitting dynamic
CCA information or interference information as signaling
information in a WL AN according to an embodiment of the
present invention.

[0059] FIG. 52 and FIG. 53 exemplify a flowchart of a
signaling method by a device in a wireless communication
network according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0060] In the following detailed description, only certain
embodiments of the present invention have been shown and
described, simply by way of illustration. As those skilled in
the art would realize, the described embodiments may be
modified in various different ways, all without departing from
the spirit or scope of the present invention. Accordingly, the
drawings and description are to be regarded as illustrative in
nature and not restrictive. Like reference numerals designate
like elements throughout the specification.

[0061] In a wireless local area network (WLAN), a basic
service set (BSS) includes a plurality of WLAN devices. The
WLAN device may include a medium access control (MAC)
layer and a physical (PHY) layer according to the IEEE
(Institute of Electrical and Electronics Engineers) standard
802.11. Inthe plurality of WLAN devices, at leastone WLAN
device may be an access point and the other WLAN devices
may be non-AP stations (non-AP STAs). Alternatively, all the
plurality of WL AN devices may be non-AP STAs in Ad-hoc
networking. In general, the AP STA and the non-AP STA may
be collectively called the STA. However, for easy description,
only the non-AP STA may be called the STA.

[0062] FIG.1 is a schematic block diagram exemplifying a
WLAN device.
[0063] Referring to FIG. 1, the WLAN device 1 includes a

baseband processor 10, aradio frequency (RF) transceiver 20,
anantenna unit 30, a memory 40, an input interface unit 50, an
output interface unit 60, and a bus 70.

[0064] The baseband processor 10 performs baseband sig-
nal processing, and includes a MAC processor 11 and a PHY
processor 15.

[0065] In one embodiment, the MAC processor 11 may
include a MAC software processing unit 12 and a MAC
hardware processing unit 13. The memory 40 may store soft-
ware (hereinafter referred to as “MAC software”) including at
least some functions of the MAC layer. The MAC software
processing unit 12 executes the MAC software to implement
the some functions of the MAC layer, and the MAC hardware
processing unit 13 may implement remaining functions ofthe
MAC layer as hardware (hereinafter referred to “MAC hard-
ware”). However, the MAC processor 11 is not limited to this.
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[0066] The PHY processor 15 includes a transmitting sig-
nal processing unit 100 and a receiving signal processing unit
200.

[0067] The baseband processor 10, the memory 40, the
input interface unit 50, and the output interface unit 60 may
communicate with each other via the bus 70.

[0068] The RF transceiver 20 includes an RF transmitter 21
and an RF receiver 22.

[0069] The memory 40 may further store an operating sys-
tem and applications. The input interface unit 50 receives
information from a user, and the output interface unit 60
outputs information to the user.

[0070] The antenna unit 30 includes one or more antennas.
When multiple-input multiple-output (MIMO) or multi-user
MIMO (MU-MIMO) is used, the antenna unit 30 may include
a plurality of antennas.

[0071] FIG. 2 is a schematic block diagram exemplifying a
transmitting signal processor in a WLAN.

[0072] Referring to FIG. 2, a transmitting signal processing
unit 100 includes an encoder 110, an interleaver 120, a map-
per 130, an inverse Fourier transformer (IFT) 140, and a guard
interval (GI) inserter 150.

[0073] The encoder 110 encodes input data. For example,
the encoder 100 may be a forward error correction (FEC)
encoder. The FEC encoder may include a binary convolu-
tional code (BCC) encoder followed by a puncturing device,
or may include a low-density parity-check (LDPC) encoder.
[0074] The transmitting signal processing unit 100 may
further include a scrambler for scrambling the input data
before the encoding to reduce the probability of long
sequences of Os or 1s. IfBCC encoding is used in the encoder,
the transmitting signal processing unit 100 may further
include an encoder parser for demultiplexing the scrambled
bits among a plurality of BCC encoders. If LDPC encoding is
used in the encoder, the transmitting signal processing unit
100 may not use the encoder parser.

[0075] The interleaver 120 interleaves the bits of each
stream output from the encoder to change order of bits. Inter-
leaving may be applied only when BCC encoding is used. The
mapper 130 maps the sequence of bits output from the inter-
leaverto constellation points. If the LDPC encoding is used in
the encoder, the mapper 130 may further perform LDPC tone
mapping besides the constellation mapping.

[0076] When the MIMO or the MU-MIMO is used, the
transmitting signal processing unit 100 may use a plurality of
interleavers 120 and a plurality of mappers corresponding to
the number of N of spatial streams. In this case, the trans-
mitting signal processing unit 100 may further include a
stream parser for dividing outputs of the BCC encoders or the
LDPC encoder into blocks that are sent to different interleav-
ers 120 or mappers 130. The transmitting signal processing
unit 100 may further include a space-time block code (STBC)
encoder for spreading the constellation points from the Ngo
spatial streams into N, space-time streams and a spatial
mapper for mapping the space-time streams to transmit
chains. The spatial mapper may use direct mapping, spatial
expansion, or beamforming.

[0077] The IFT 140 converts a block of the constellation
points output from the mapper 130 or the spatial mapper to a
time domain block (i.e., a symbol) by using an inverse dis-
crete Fourier transform (IDFT) or an inverse fast Fourier
transform (IFFT). If the STBC encoder and the spatial map-
per are used, the inverse Fourier transformer 140 may be
provided for each transmit chain.
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[0078] When the MIMO or the MU-MIMO is used, the
transmitting signal processing unit 100 may insert cyclic shift
diversities (CSDs) to prevent unintentional beamforming.
The CSD insertion may occur before or after the inverse
Fourier transform. The CSD may be specified per transmit
chain or may be specified per space-time stream. Alterna-
tively, the CSD may be applied as a part of the spatial mapper.
[0079] When the MU-MIMO is used, some blocks before
the spatial mapper may be provided for each user.

[0080] The GI inserter 150 prepends a GI to the symbol.
The transmitting signal processing unit 100 may optionally
perform windowing to smooth edges of each symbol after
inserting the GI. The RF transmitter 21 converts the symbols
into an RF signal and transmits the RF signal via the antenna
unit 30. When the MIMO or the MU-MIMO is used, the GI
inserter 150 and the RF transmitter 21 may be provided for
each transmit chain.

[0081] FIG. 3 is a schematic block diagram exemplifying a
receiving signal processing unit in the WLAN.

[0082] Referring to FIG. 3, a receiving signal processing
unit 200 includes a GI remover 220, a Fourier transformer
(FT) 230, ademapper 240, a deinterleaver 250, and a decoder
260.

[0083] An RF receiver 22 receives an RF signal via the
antenna unit 30 and converts the RF signal into the symbols.
The GI remover 220 removes the GI from the symbol. When
the MIMO or the MU-MIMO is used, the RF receiver 22 and
the GI remover 220 may be provided for each receive chain.
[0084] The FT 230 converts the symbol (i.e., the time
domain block) into a block of the constellation points by
using a discrete Fourier transform (DFT) or a fast Fourier
transform (FFT). The Fourier transformer 230 may be pro-
vided for each receive chain.

[0085] When the MIMO or the MU-MIMO is used, the
receiving signal processing unit 200 may a spatial demapper
for converting the Fourier transformed receiver chains to
constellation points of the space-time streams, and an STBC
decoder for despreading the constellation points from the
space-time streams into the spatial streams.

[0086] The demapper 240 demaps the constellation points
output from the Fourier transformer 230 or the STBC decoder
to the bit streams. If the LDPC encoding is used, the demap-
per 240 may further perform LDPC tone demapping before
the constellation demapping. The deinterleaver 250 deinter-
leaves the bits of each stream output from the demapper 240.
Deinterleaving may be applied only when BCC encoding is
used.

[0087] When the MIMO or the MU-MIMO is used, the
receiving signal processing unit 200 may use a plurality of
demappers 240 and a plurality of deinterleavers 250 corre-
sponding to the number of spatial streams. In this case, the
receiving signal processing unit 200 may further include a
stream deparser for combining the streams output from the
deinterleavers 250.

[0088] The decoder 260 decodes the streams output from
the deinterleaver 250 or the stream deparser. For example, the
decoder 100 may be an FEC decoder. The FEC decoder may
include a BCC decoder or an LDPC decoder. The receiving
signal processing unit 200 may further include a descrambler
for descrambling the decoded data. If BCC decoding is used
in the decoder, the receiving signal processing unit 200 may
further include an encoder deparser for multiplexing the data
decoded by a plurality of BCC decoders. If LDPC decoding is
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used in the decoder, the receiving signal processing unit 100
may not use the encoder deparser.

[0089] FIG. 4 exemplifies interframe space (IFS) relation-
ships.
[0090] A data frame, a control frame, or a management

frame may be exchanged between WL AN devices.

[0091] The data frame is used for transmission of data
forwarded to a higher layer. The WL AN device transmits the
data frame after performing backoff if a distributed coordi-
nation function IFS (DIFS) has elapsed from a time when the
medium has been idle. The management frame is used for
exchanging management information which is not forwarded
to the higher layer. Subtype frames of the management frame
include a beacon frame, an association request/response
frame, a probe request/response frame, and an authentication
request/response frame. The control frame is used for con-
trolling access to the medium. Subtype frames of the control
frame include a request to send (RTS) frame, a clear to send
(CTS) frame, and an acknowledgement (ACK) frame. In the
case that the control frame is not a response frame of the other
frame, the WLAN device transmits the control frame after
performing backoff if the DIFS has elapsed. In the case that
the control frame is the response frame of the other frame, the
WLAN device transmits the control frame without perform-
ing backoff if a short IFS (SIFS) has elapsed. The type and
subtype of frame may be identified by a type field and a
subtype field in a frame control field.

[0092] On the other hand, a Quality of Service (QoS) STA
may transmit the frame after performing backoff if an arbi-
tration IFS (AIFS) for access category (AC), i.e., AIFS[AC],
has elapsed. In this case, the data frame, the management
frame, or the control frame which is not the response frame
may use the AIFC[AC].

[0093] FIG. 5 is a schematic diagram explaining a CSMA
(carrier sense multiple access)/CA (collision avoidance)
based frame transmission procedure for avoiding collision
between frames in a channel.

[0094] Referring to FIG. 5, STA1 is a transmit WLAN
device for transmitting data, STA2 is a receive WLAN device
for receiving the data, and STA3 is a WLAN device which
may be located at an area where a frame transmitted from the
STA1 and/or a frame transmitted from the STA2 can be
received by the WL AN device.

[0095] The STA1 may determine whether the channel is
busy by carrier sensing. The STA1 may determine the channel
occupation based on an energy level on the channel or corre-
lation of signals in the channel, or may determine the channel
occupation by using a network allocation vector (NAV) timer.
[0096] When determining that the channel is not used by
other devices during DIFS (that is, the channel is idle), the
STA1 may transmit an RTS frame to the STA2 after perform-
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ing backoff. Upon receiving the RTS frame, the STA2 may
transmit a CTS frame as a response of the CTS frame after
SIFS.

[0097] When the STA3 receives the RTS frame, it may set
the NAV timer for a transmission duration of subsequently
transmitted frames (for example, a duration of SIFS+CTS
frame duration+SIFS+data frame duration+SIFS+ACK
frame duration) by using duration information included in the
RTS frame. When the STA3 receives the CTS frame, it may
set the NAV timer for a transmission duration of subsequently
transmitted frames (for example, a duration of SIFS+data
frame duration+SIFS+ACK frame duration) by using dura-
tion information included in the RTS frame. Upon receiving a
new frame before the NAV timer expires, the STA3 may
update the NAV timer by using duration information included
in the new frame. The STA3 does not attempt to access the
channel until the NAV timer expires.

[0098] When the STA1 receives the CTS frame from the
STA2, it may transmit a data frame to the STA2 after SIFS
elapses from a time when the CTS frame has been completely
received. Upon successfully receiving the data frame, the
STA2 may transmit an ACK frame as a response of the data
frame after SIFS elapses.

[0099] When the NAV timer expires, the STA3 may deter-
mine whether the channel is busy by the carrier sensing. Upon
determining that the channel is not used by the other devices
during DIFS after the NAV timer has expired, the STA3 may
attempt the channel access after a contention window accord-
ing to random backoft elapses.

[0100] FIG. 6 schematically shows an example structure of
a WLAN frame.

[0101] Referring to FIG. 6, a WLAN frame, particularly a
MAC frame, includes a MAC header 610, a frame body field
620, and a frame check sequence (FCS) field 630.

[0102] The MAC header 610 includes a frame control field
611, a duration/ID field 612, at least one address field 613,
614, 615, and 617, and a sequence control field 616. The at
least one address field 613, 614, 615, and 617 may include
four address fields (address 1, address 2, address 3, and
address 4), and at least part of the four address fields may be
omitted according to frame type and subtype. The frame body
field 620 is a variable length field that includes information
specific to the frame type and may be omitted according to the
frame type and subtype. The FCS field 630 is located atan end
of the frame and includes a cyclic redundancy check (CRC),
for example a 32-bit CRC.

[0103] The frame control field 611 includes a type field and
asubtype field. The type and subtype fields identify a function
of the frame. The type field identifies any one of three types
including control, data, and management. Each of the types
has several predefined subtypes shown in Table 1, and the
subtype is identified by the subtype field.

TABLE 1
Type value  Type Subtype value

b3 b2 description b7 b6 b5 b4 Subtype description
00 Management 0000 Association request
00 Management 0001 Association response
00 Management 0010 Reassociation request
00 Management 0011 Reassociation response
00 Management 0100 Probe request
00 Management 0101 Probe response
00 Management 0110 Timing Advertisement
00 Management 0111 Reserved
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Type value  Type Subtype value

b3 b2 description b7 b6 b5 b4 Subtype description
00 Management 1000 Beacon
00 Management 1001 ATIM
00 Management 1010 Disassociation
00 Management 1011 Authentication
00 Management 1100 Deauthentication
00 Management 1101 Action
00 Management 1110 Action No Ack
00 Management 1111 Reserved
01 Control 0000-0011 Reserved
01 Control 0100 Beamforming Report Poll
01 Control 0101 VHT NDP Announcement
01 Control 0111 Control Wrapper
01 Control 1000 Block Ack Request (BlockAckReq)
01 Control 1001 Block Ack (BlockAck)
01 Control 1010 PS-Poll
01 Control 1011 RTS
01 Control 1100 CTS
01 Control 1101 ACK
01 Control 1110 CF-End
01 Control 1111 CF-End + CF-Ack
10 Data 0000 Data
10 Data 0001 Data + CF-Ack
10 Data 0010 Data + CF-Poll
10 Data 0011 Data + CF-Ack + CF-Poll
10 Data 0100 Null (no data)
10 Data 0101 CF-Ack (no data)
10 Data 0110 CF-Poll (no data)
10 Data 0111 CF-Ack + CF-Poll (no data)
10 Data 1000 QoS Data
10 Data 1001 QoS Data + CF-Ack
10 Data 1010 QoS Data + CF-Poll
10 Data 1011 QoS Data + CF-Ack + CF-Poll
10 Data 1100 QoS Null (no data)
10 Data 1101 Reserved
10 Data 1110 QoS CF-Poll (no data)
10 Data 1111 QoS CF-Ack + CF-Poll (no data)
11 Reserved 0000-1111 Reserved

[0104] The frame control field 611 may further include [0110]

other information. In some embodiments, the frame control
field 611 may include To DS (distribution system) field and
From DS field. The To DS field is set to ‘1’ in data frames
destined for the DS. The From DS field is set to ‘1’ in data
frames exiting the DS.

[0105] The duration/ID field 612 may be for example 16
bits in length. The contents of the duration/ID field 612 vary
with the frame type and subtype. The contents of the duration/
1D field 612 may vary with whether the frame is transmitted
during a CFP (contention-free period), and with QoS (quality
of service) capabilities of a transmitting device. In some
embodiments, the duration/ID field 612 may include infor-
mation as follows.

[0106] (1) In control frames of subtype PS-Poll, the dura-
tion/ID field carries an association identifier (AID) ofa device
that transmitted the frame in the 14 least significant bits
(LSBs), and the 2 most significant bits (MSBs) both set to 1.
The value of the AID is in the range 1 to 2007.

[0107] (2) In frames transmitted by a PC (point coordina-
tor) and non-QoS devices, during the CFP, the duration/ID
field is set to a fixed value of 32768.

[0108] (3) In all other frames sent by non-QoS devices and
control frames sent by QoS devices, the duration/ID field
includes a duration value as defined for each frame type.
[0109] (4) In data and management frames sent by QoS
devices, the duration/ID field includes a duration value as
defined for each frame type.
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In the third and fourth cases, the duration/ID field is
called a duration field.

[0111] For example, the duration/ID field 612 may be
defined as Table 2.
TABLE 2
Bit Bit
Bits 0-13 14 15 Usage
0-32767 0 Duration value (in microseconds) within all
frames other than PS-Poll frames transmitted
during the CP, and under HCF (hybrid
coordination function) for frames transmitted
during the CFP
0 0 1 Fixed value under point coordination function
(PCF) within frames transmitted during the CFP
1-16383 0 1 Reserved
0 1 1 Reserved
1-2007 1 1 AID in PS-Poll frame
2008-16383 1 1 Reserved
[0112] In some embodiments, the address fields may

include four address fields 613, 614, 615, and 617, and each
address field may have a 48-bit MAC address. The address
fields 613, 614, 615, and 617 include at least one of a BSS
identifier (BSSID), a source address (SA), a destination
address (DA), a receiver address (RA), and a transmitter
address (TA).

[0113] The BSSID is a 48-bit address of the AP in a BSS or
a 46-bit random number in an independent BSS (IBSS). The
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SA identifies an originator of a MAC service data unit
(MSDU) being transmitted. The DA is an individual MAC
address of an entity to which the MSDU is to be ultimately
delivered. The RA is an address of an immediate recipient on
a wireless medium. The TA is an address of a device that
transmitted onto the wireless medium.

[0114] Table 3 explains a usage of the To DA and From DS

fields in conjunction with the four address fields (address 1,
address 2, address 3, and address 4).

TABLE 3
To From Address Address Address Address
DS DS 1 2 3 4 Meaning
0o 0 DA SA BSSID N/A Data frame from device
to device within a BSS
0 1 DA BSSID Source N/A Data frame exiting a DS
Address
1 0 BSSID SA DA N/A Data frame destined for
the DS
1 1 RA TA DA SA Wireless DS (WDS)
frame being distributed
from AP to AP
[0115] To DS=0 and From DS=0. This corresponds to a

case when MSDUs s do not exit the BSS, that is, the source and
destination devices are within the same BSS.

[0116] To DS=0 and From DS=1. This corresponds to a
case when a frame is transferred from the DS to an individual
device in the BSS. The devices within the BSS look at the
address 1 field to determine if they are the recipients, the
address 2 field includes an address to where an acknowledge-
ment (ACK) frame is to be sent, and the address 3 field
includes an address of an MSDU originator.

[0117] To DS=1 and From DS=0. This corresponds to a
case when a device wants to transfer a frame on to the DS. All
devices inthe BSS look at the address 1 field to check whether
the frame is intended for them. As the frame needs to traverse
the DS and an AP is responsible for facilitating this, the
address 1 field includes an address of the AP. The address 2
field includes an address that the ACK frame is to be
addressed to. The address 3 field includes an address of a final
recipient of the frame.

[0118] To DS=1 and From DS=1. This case applies when
the DS is a WDS. The address 1 field includes a receiver
address in an AP of a next immediate recipient of the frame in
the DS. The address 2 field includes an address to which the
ACK frame is to be addressed. The address 3 field includes an
address of a final recipient of the frame in the BSS, and the
address 4 field includes an originator of the frame.

[0119] The MAC address has two types of an individual
address and a group address. The individual address is an
address assigned to a particular device on the network. The
group address is a multi-destination address which may be in
use by one or more devices on a given network. The two kinds
of group addresses are a multicast-group address and a broad-
cast address.

[0120] The BSSID field is a 48-bit field of the same format
as the MAC address. The BSSID field uniquely identifies
each BSS. A value of the BSSID field, in an infrastructure
BSS, is the MAC address currently in use by the device in the
AP of the BSS.

[0121] The DA field contains an individual or group
address that identifies an MAC entity or entities intended as
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the final recipient(s) of an MSDU (or fragment thereof) or
aggregate MSDU (A-MSDU) included in the frame body
field 620.

[0122] The SA field includes an individual address that
identifies the MAC entity from which the transfer of the
MSDU (or fragment thereof) or A-MSDU included in the
frame body field 620 has been initiated.

[0123] The RA field includes an individual or group
address that identifies an intended immediate recipient device
(s), on the WM, for the information included in the frame
body field 620.

[0124] The TA field includes an individual address that
identifies the device which has transmitted, onto the WM, the
MPDU included in the frame body field 620.

[0125] The sequence control field 614 is divided into two
fields of a sequence number and fragment number. The
sequence number may be 12 bits and the fragment number
may be 4 bits. The sequence number is not used in the ACK
frame. The sequence number is present in an MSDU and a
MAC management data protocol unit (MMPDU) and is used
to detect a duplicate frame. The fragment number is set to 0 in
the first fragment and is incremented by one in every subse-
quent fragment. The fragment number remains constant in
retransmissions of fragments.

[0126] The frame body field 620 includes information spe-
cific to individual frame type and subtype. The minimum
frame body is zero octets.

[0127] The FCS field 630 includes for example the 32-bit
CRC. The FCS is calculated over all the fields of the MAC
header 610 and the frame body field 620.

[0128] Next, a format of an individual frame type is
described.
[0129] First, a format of a control frame is described with

reference to FIG. 7 and FIG. 8.

[0130] FIG. 7 shows an example format of an RTS frame in
a WLAN, and FIG. 8 shows an example format of a CTS
frame in a WLAN.

[0131] Referring to FIG. 7, an RTS frame of control frames
includes a frame control field 711, a duration field 712, an RA
field 713, a TA field 714, and an FCS field 730.

[0132] For all RTS frames sent by non-QoS devices, a
duration value is the time, in microseconds, required to trans-
mit a pending data or management frame, plus one CTS
frame, plus one ACK frame, plus three SIFS intervals. If the
calculated duration includes a fractional microsecond, that
value is rounded up to a next higher integer.

[0133] The RA field 713 of the RTS frame is an address of
adevice, on a WM, that is an intended immediate recipient of
the pending data or management frame or RTS frame. The TA
field 714 is an address of a device transmitting the RTS frame.
[0134] Referring to FIG. 8, a CTS frame of control frames
includes a frame control field 811, a duration field 812, an RA
field 813, and an FCS field 830.

[0135] Whenthe CTS frame follows an RTS frame, the RA
field 813 of the CTS frame is copied from the TA field of an
immediately previous RTS frame to which the CTS frame is
a response. When the CTS frame is the first frame in a frame
exchange, the RA field 813 is set to an MAC address of a
transmitter.

[0136] Forall CTS frames transmitted by anon-QoS device
in response to RTS frames, a duration value is a value
obtained from a duration field of an immediately previous
RTS frame, minus the time, in microseconds, required to
transmit the CTS frame and its SIFS interval. If the calculated
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duration includes a fractional microsecond, that value is
rounded up to a next higher integer.

[0137] At a non-QoS device, if the CTS frame is the first
frame in an exchange and a pending data or management
frame requires an acknowledgment, a duration value is atime,
in microseconds, required to transmit the pending data or
management frame, plus two SIFS intervals plus one ACK
frame. At anon-QoS device, if the CTS frame is the first frame
in the exchange and the pending data or management frame
does not require the acknowledgment, the duration value is
the time, in microseconds, required to transmit the pending
data or management frame, plus one SIFS interval. If the
calculated duration includes a fractional microsecond, that
value is rounded up to a next higher integer.

[0138] An ACK frame of control frames has the same for-
mat as the CTS frame shown in FIG. 8.

[0139] The RA field 813 of the ACK frame is copied from
the address 2 field of an immediately previous data, manage-
ment, block ACK request (BlockAckReq) control, block
ACK (BlockAck) control, or PS-Poll control frame.

[0140] InACK frames sent by non-QoS devices, a duration
value is a value obtained from the duration/ID field of the
immediately previous data, management, PS-Poll, Block-
AckReq, or BlockAck frame minus the time, in microsec-
onds, required to transmit the ACK frame and its SIFS inter-
val. If the calculated duration includes a fractional
microsecond, that value is rounded up to a next higher integer.
[0141] Next, a management frame is described.

[0142] FIG. 9 shows an example format a management
frame in a WLAN.

[0143] Referring to FIG. 9, a management frame includes a
frame control field 911, a duration field 912, a DA field 913,
an SA field 914, a BSSID field 915, a sequence control field
916, a frame body field 920, and an FCS field 930.

[0144] Themanagement frames include beacon, ATIM (an-
nouncement traffic indication message), association request,
reassociation request, disassociation, authentication, and
deauthentication frames.

[0145] As described above, the DA field 913 is set to a
destination address that is an individual MAC address of an
entity to which an MSDU is to be ultimately delivered, and
the SA field 914 is set to a source address that is an individual
MAC address of an originator of the MSDU. The BSSID field
915 is set to a BSSID.

[0146] FIG. 10 exemplifies a structure of a data field in a
WLAN.
[0147] The MAC frameis inserted into a data fieldofa PHY

frame, for example a physical layer convergence procedure
(PLCP) frame. As shown in FIG. 10, the data field includes a
service field 1010, data bits 1020, and tail bits 1030, and
further includes, if necessary, pad bits 1040. The service field
1010 may correspond to the first 16 bits of the data field. The
first 7 bits of the service field 1010 may be scrambler initial-
ization bits 1011. The scrambler initialization bits may be
used to synchronize a descrambler and may be set to zero to
enable estimation of an initial state of a scrambler in a
receiver. The remaining 9 bits 1012 may be reserved and also
set to zero.

[0148] A length 127 frame synchronization scrambler that
uses a generator polynomial G(D)=D’+D*+1 may be used in
the WLAN. The generator polynomial generates a scram-
bling sequence 1060 by repeatedly generating a 127-bit
sequence from a 7-bit scrambler seed 1050. Accordingly, the
scrambler seed 1050 is one-to-one mapped to the first 7 bits
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1061 of the scrambling sequence 1060. Since the scrambler
initialization bits are set to “0000000,” the first 7 bits 1071 of
data 1070 that are outputted by scrambling the data field
before being scrambled are equal to the first 7 bits 1061 of the
scrambling sequence 1060. Therefore, a receiving device can
determine the first 7 bits of the data field in the received frame
as the scrambler seed and generate the same scrambling
sequence as a transmitting device such that it can descramble
the data field.

[0149] Next, operations of an RTS frame and a CTS frame
ina WLAN.
[0150] FIG. 11 and FIG. 12 show an example of downlink

transmission in a WLAN, FIG. 13 and FIG. 14 show an
example of uplink transmission in a WLAN, and FIG. 15
shows another example of uplink transmissionina WLAN. It
is assumed in FIG. 11 to FIG. 15 that a device AP is an access
point and devices STA1, STA2, and STA3 are non-AP sta-
tions.

[0151] Referring to FIG. 11 and FIG. 12, when a transmit-
ting device AP has downlink data to be transmitted to a
receiving device STA1, the transmitting device AP transmits
an RTS frame to notify this. An RA field of the RTS frame is
set to an address of a receiving device STA1. The receiving
device STA1 determines that its own address matches the RA
field of the RTS frame. Another device STA2 having received
the RTS frame updates a NAV based on a duration field of the
RTS frame when its own address does not match the RA field
of the RTS frame. That is, devices included within an RTS
protection region that is the coverage of the transmitting
device AP can update the NAV based on the duration field of
the RTS frame.

[0152] Thereceiving device STA1 determining that its own
address matches the RA field of the RTS frame transmits a
CTS frame after a SIFS interval in order to notify the trans-
mitting device AP of available transmission. An RA field of
the CTS frame is copied from the TA field of the RTS frame.
The transmitting device AP determines that its own address
matches the RA field of the CTS frame. Another device STA3
having received the CTS frame updates a NAV based on a
duration field of'the CTS frame when its own address does not
match the RA field of the CTS frame. That is, devices
included within a CTS protection region that is the coverage
of the receiving device STA1 can update the NAV based on
the duration field of the CTS frame.

[0153] The transmitting device AP having received the
CTS frame transmits a data frame after the SIFS interval, and
the receiving device STA1 having received the data frame
transmits an ACK frame after the SIFS interval.

[0154] Referring to FIG. 13 and FIG. 14, when a transmit-
ting device STA1 has uplink data to be transmitted to a receiv-
ing device AP, the transmitting device STA1 transmits an RTS
frame. An RA field of the RTS frame is set to an address of a
receiving device AP. The receiving device AP determines that
its own address matches the RA field of the RTS frame.
Another device STA3 having received the RTS frame updates
a NAV based on a duration field of the RTS frame when its
own address does not match the RA field of the RTS frame.
That is, devices included within an RTS protection region that
is the coverage of the transmitting device STA1 can update
the NAV based on the duration field of the RTS frame.
[0155] The receiving device AP determining that its own
address matches the RA field of the RTS frame transmits a
CTS frame after a SIFS interval. An RA field of the CTS
frame is copied from the TA field of the RTS frame. The
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transmitting device STA1 determines that its own address
matches the RA field of the CTS frame. Another device STA2
having received the CTS frame updates a NAV based on a
duration field of the CTS frame when its own address does not
match the RA field of the CTS frame. That is, devices
included within a CTS protection region that is the coverage
of the receiving device AP can update the NAV based on the
duration field of the CTS frame.

[0156] The transmitting device STA1 having received the
CTS frame transmits a data frame after the SIFS interval, and
the receiving device AP having received the data frame trans-
mits an ACK frame after the SIFS interval.

[0157] As shown in FIG. 15, a device STA1 and a device
STA2 may transmit RTS frames at the same time. In this case,
the RTS frames from the two devices STA1 and STA2 collide
at a receiving device. Accordingly, the receiving device AP
does not transmit a CTS frame. Each of the devices STA1 and
STAZ2 that fails to receive the CTS frame retransmits the RTS
frames after performing a backoff procedure. Accordingly, if
the receiving device AP successfully receives the RTS frame
retransmitted from the device STA1, it transmits the CTS
frame whose RA field is copied from the TA field of the RTS
frame from the device STA1.

[0158] Now, a signaling method in a wireless communica-
tion network according to various embodiments of the present
invention is described with reference to the drawings. The
wireless communication network according to various
embodiments of the present invention may be a WLAN. Par-
ticularly, the wireless communication network according to
various embodiments of the present invention may be a new
version WL AN. One example of the new version WLAN is a
high efficiency WLAN (HEW) that is being developed by the
IEEE 802.11ax task group. Hereinafter, the wireless commu-
nication network according to various embodiments of the
present invention is assumed as the WLAN, particularly the
HEW, for convenience.

[0159] FIG. 16 exemplifies a structure of a request frame in
a WLAN according to an embodiment of the present inven-
tion, and FIG. 17 exemplifies a structure of a response frame
ina WLAN according to an embodiment of the present inven-
tion. The frame structures shown in FIG. 16 and FIG. 17 are
PHY frame structures, for example PLCP frame structures.
[0160] Referring to FIG. 16, a request frame includes a
legacy short training field (L-STF), a legacy long training
field (L-LTF), a legacy signal field (L-SIG), and a data field.
The data field includes a service field, a MAC frame part, and
tail bits, and further includes, if necessary, pad bits. The MAC
frame part includes a frame control field 1611, a duration field
1612, address fields, and an FCS field 1630. The address
fields may include an RA field 1613 and a TA field 1614.
[0161] Referring to FIG. 17, a response frame on the
request frame includes a legacy short training field (L-STF),
a legacy long training field (L-LTF), a legacy signal field
(L-SIG), and a data field. The data field includes a service
field, a MAC frame part, and tail bits, and further includes, if
necessary, pad bits. The MAC frame part includes a frame
control field 1711, a duration field 1712, address field 1713,
and an FCS field 1730. The address field may include an RA
field 1713.

[0162] An example of the request frame may be an RTS
frame, and an example of the response frame may be a CTS
frame.

[0163] A receiving device destined to receive the request
frame, may determine whether its own address matches the
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RA field 1613 of the request frame. Other devices having
received the request frame may determine whether their own
addresses do not match the RA field 1613 of the request
frame. A transmitting device determines whether its address
matches the RA field 1713 of the response frame. Other
devices having received the response frame determine
whether their addresses do not match the RA field 1713 of the
response frame. The TA field 1614 of the request frame may
be copied to the RA field 1713 of the response frame. Accord-
ingly, the device having received the request frame or the
response frame determines whether its address matches the
RA field 1613 or 1713 or the TA field 1614.

[0164] As such, since the address has the characteristic of
an identifier (ID), an embodiment of the present invention
uses a concept of a compressed ID. That is, according to an
embodiment of the present invention, a compressed address is
input to the RA field or TA field, and remaining bits of the RA
field or TA field are used to carry signaling information.
[0165] FIG.18,FIG.19,FIG. 20, and FIG. 21 exemplify an
address field included in a frame of a WLAN according to
various embodiments of the present invention. In some
embodiments, an address field may be included in the request
frame or the response frame described above. In some
embodiments, the address field may be an RA field or a TA
field.

[0166] Referring to FIG. 18, an address field according to
an embodiment includes a signal (HEW-SIG) 1810 and com-
pressed address field 1820. The HEW-SIG 1810 carries sig-
naling information, and the compressed address field 1820
carries a compressed address. The signaling information is
information necessary for signaling between devices to
which a WLAN according to an embodiment of the present
invention is applied, for example HEW devices. The com-
pressed address is an address for identifying a device and may
be for example an address into which a MAC address is
compressed. Particularly, the compressed address may be an
address into which an address of a device destined to receive
a frame including the address field or an address of a device
transmitting the frame is compressed.

[0167] Forexample, whenthe address field uses 6 bytes, the
address may be compressed into a compressed address of N
bytes and remaining (6-N) bytes may be used to carry the
signaling information.

[0168] In some embodiments, the HEW-SIG 1810 may
further include a signaling indication for indicating whether a
transmission mode of the request frame or response frame is
a signaling transmission mode for carrying the signaling
information through the address field.

[0169] Insomeembodiments, the compressed address field
1820 may be positioned at a beginning of the address field and
the HEW-SIG 1810 may follow the compressed address field
1820, differently from FIG. 18.

[0170] Referring to FIG. 19, an address field according to
another embodiment includes a signal field (HEW-SIG) 1910
and a plurality of compressed address fields 1921, 1922, . . .,
192N.

[0171] The plurality of compressed address fields 1921 to
192N may correspond to a plurality of HEW devices destined
to receive a frame including the compressed address fields
1921 to 192N, respectively. Each of the compressed address
fields 1921 to 192N may include an address into which an
address of the corresponding HEW device is compressed.
[0172] The HEW-SIG 1910 carries signaling information
for the HEW devices. In some embodiments, the HEW-SIG
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1910 may further include information on the number of com-
pressed address fields 1921 to 192N, i.e., the number of
compressed addresses.

[0173] Referring to FIG. 20, an address field according to
yet another embodiment includes a plurality of signal fields
[HEW-SIG(1), HEW-SIG(2), . . . , HEW-SIG(N)] 2011,
2012, ..., 201N and a plurality of compressed address fields
2021, 2022, . . ., 202N corresponding to the HEW-SIG(1)
2011, HEW-SIG(2) 2012, . . ., HEW-SIG(N) 201N. That is,
the address field includes a combination of each of the plu-
rality of signal fields and a corresponding compressed
address field. Each HEW-SIG(i) 201/ carries signaling infor-
mation fora HEW device.

[0174] Insome embodiments, each HEW-SIG(i) 201/ may
carry signaling information dedicated to a device indicated by
the compressed address of the corresponding compressed
address field. In one embodiment, a signal field for carrying
signaling information being common to the plurality of
devices indicated by the plurality of compressed address
fields 2021 to 202N may be transmitted separately.

[0175] In some embodiment, as shown in FIG. 21, each
compressed address field 202 may precede the correspond-
ing HEW-SIG(i) 201..

[0176] Next, a frame including an address field according
to various embodiments described with reference to FIG. 18
to FIG. 21 is described.

[0177] FIG.22,F1G.23,FIG. 24, F1G. 25,F1G. 26 and FIG.
27 exemplify a request frame using a compressed address
according to various embodiments of the present invention,
and FIG. 28 and FIG. 29 exemplify a response frame using a
compressed address according to various embodiments of the
present invention. For convenience, only a data field is shown
in FIG. 22, FIG. 23, FIG. 24, FIG. 25, FIG. 26, FIG. 26, FIG.
28, and F1G. 29, and tail bits and pad bits are omitted. Further,
it is assumed that the address field has 6 bytes.

[0178] Referring to FIG. 22 and FIG. 23, both an RA field
and a TA field of a request frame use a compressed address.
The RA field includes a signal field (HEW-SIG-A) and a
compressed address field 2212, and the compressed address
field 2212 carries an address (a compressed RA) into which
an RA that is an address of a device destined to receive the
request frame is compressed. The TA field includes a signal
field (HEW-SIG-B) and a compressed address field 2222, and
the compressed address field 2222 carries an address (a com-
pressed TA) into which a TA that is an address of a device
transmitting the request frame is compressed.

[0179] As shown in FIG. 22, the compressed address fields
2212 and 2222 may respectively follow the HEW-SIG-A and
HEW-SIG-B in the RA field and TA field. Alternatively, as
shown in FIG. 23, the HEW-SIG-A and HEW-SIG-B may
respectively follow the compressed address fields 2212 and
2222 in the RA field and TA field. Hereinafter, the request
frame shown in FIG. 22 is referred to as a request frame of
type 1, and the request frame shown in FIG. 23 is referred to
as a request frame of type 2.

[0180] When the compressed address uses N bytes, the
request frame of type 1 or 2 can carry signaling information
having 2*(6-N) bytes through the HEW-SIG-A and HEW-
SIG-B.

[0181] Referring to FIG. 24 and FIG. 25, a TA field of a
request frame uses a compressed address. The TA field
includes a signal field (HEW-SIG-A) and a compressed
address field 2412, and the compressed address field 2412

42

Oct. 29, 2015

carries an address (a compressed TA) into which a TA that is
an address of a device transmitting the request frame is com-
pressed.

[0182] As shown in FIG. 24, the compressed address field
2412 may follow the HEW-SIG-A in the TA field. Alterna-
tively, as shown in FIG. 25, the HEW-SIG-A may follow the
compressed address field 2412 in the TA field. Hereinafter,
the request frame shown in FIG. 24 is referred to as a request
frame of type 3, and the request frame shown in FIG. 25 is
referred to as a request frame of type 4.

[0183] When the compressed address uses N bytes, the
request frame of type 3 or 4 can carry signaling information
having (6-N) bytes through the HEW-SIG-A.

[0184] Referring to FIG. 26 and FIG. 27, an RA field of a
request frame uses a compressed address. The RA field
includes a signal field (HEW-SIG-A) and a compressed
address field 2612, and the compressed address field 2612
carries an address (a compressed RA) into which an RA that
is an address of a device destined to receive the request frame
is compressed.

[0185] As shown in FIG. 26, the compressed address field
2612 may follow the HEW-SIG-A in the RA field. Alterna-
tively, as shown in FIG. 27, the HEW-SIG-A may follow the
compressed address field 2612 in the RA field. Hereinafter,
the request frame shown in FIG. 26 is referred to as a request
frame of type 5, and the request frame shown in FIG. 27 is
referred to as a request frame of type 6.

[0186] When the compressed address uses N bytes, the
request frame of type 5 or 6 can carry signaling information
having (6-N) bytes through the HEW-SIG-A.

[0187] A request frame shown in FIG. 16, i.e., a request
frame using no compressed address may be used in an
embodiment of the present invention. Hereinafter, this
request frame is referred to as a request frame of type 7.
[0188] Inan embodiment, any one of the request frames of
types 1, 2,3, 4,5, 6, and 7 may be used. In another embodi-
ment, at least two of the request frames of types 1, 2, 3, 4, 5,
6, and 7 may be used. In this case, the HEW device may select
any one of the at least two types and transmit the request
frame of the selected type.

[0189] Since the HEW device is capable of receiving the
request frames of all types, the signaling indication can indi-
cate the signaling transmission mode in the request frames of
all types.

[0190] However, a previous WLAN device, for example a
legacy device, an HT device, or a VHT device cannot identify
an address from an address field using the compressed
address. Accordingly, in the request frames of types 3, 4, and
7 that use an uncompressed address, i.e., a previous WLAN
address in the RA field, the signaling indication may indicate
aprevious WLAN transmission mode, i.e., a legacy transmis-
sion mode.

[0191] Referring to FIG. 28 and FIG. 29, an RA field of a
response frame uses a compressed address. The RA field
includes a signal field (HEW-SIG-A) and a compressed
address field 2812, and the compressed address field 2812
carries an address (a compressed RA) into which an RA that
is an address of a device destined to receive the response
frame is compressed.

[0192] In one embodiment, when a TA field of a request
frame uses a compressed address field, a compressed address
of'the compressed address field of the TA field may be copied
to the compressed address field 2812 of the RA field. In
another embodiment, when the TA field of the request frame
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does not use the compressed address field, a HEW device
having received the request frame may compress an address
of'the TA field and input the compressed address to the com-
pressed address field 2812 of the RA field.

[0193] As shown in FIG. 28, the compressed address field
2812 may follow the HEW-SIG-A in the RA field. Alterna-
tively, as shown in FIG. 29, the HEW-SIG-A may follow the
compressed address field 2812 in the RA field. Hereinafter,
the response frame shown in FIG. 28 is referred to as a
response frame of type 1, and the response frame shown in
FIG. 27 is referred to as a response frame of type 2.

[0194] When the compressed address uses N bytes, the
response frame of type 1 or 2 can carry signaling information
having (6-N) bytes through the HEW-SIG-A.

[0195] A response frame shown in FIG. 17, i.e., aresponse
frame using no compressed address may be used in an
embodiment of the present invention. Hereinafter, this
response frame is referred to as a response frame of type 3.
[0196] In an embodiment, any one of the response frames
of types 1, 2, and 3 may be used. In another embodiment, at
least two of the request frames of types 1, 2, and 3 may be
used.

[0197] In this case, the HEW device may select any one of
the at least two types and transmit the response frame of the
selected type.

[0198] Since the HEW device is capable of receiving the
response frames of all types, the signaling indication can
indicate the signaling transmission mode in the response
frames of all types.

[0199] In the response frame of type 3 that uses an uncom-
pressed address, i.e., a previous WLAN address in the RA
field, the signaling indication may indicate a previous WLAN
transmission mode, i.e., a legacy transmission mode.

[0200] If the RA field of the request frame or response
frame includes a compressed address and signaling informa-
tion, the HEW device can determine whether it is a recipient
of'the frame based on the compressed address of the RA field.
The HEW device can receive the signaling information and
transmit a certain frame in response to the received frame
when it is the recipient of the received frame. The HEW
device can seta NAV based on a duration field of the received
frame when it is not the recipient of the received frame.
However, the previous WLAN device can set the NAV based
on the received frame since its address is different from a
value of the RA field defined by the compressed address and
the signaling information.

[0201] Next, an example of a method for generating a com-
pressed address from an address of a device is described.
[0202] In an embodiment, a compressed address may be
generated by operating an address of a device using a transfer
function as in Equation 1.

y=fx)

[0203] InEquation 1,y isthe compressed address, f( ) is the
transfer function, and x is the address of the device.

[0204] In one example, the transfer function f(x) may be a
hash function. The hash function is an algorithm for mapping
input data x to data of a fixed size, and a values y returned by
the hash function is called a hash value. A hash procedure of
the hash function is deterministic. That is, if two hash values
are different, two original data of the two hash values are also
different.

[0205] One example of the hash function f(x) may be an x
%8 function. This hash function is used to compress the input

Equation 1
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data into 3 bits. Since eight hash values can be output depend-
ing on the input data, this hash function can classify eighth
IDs, i.e., addresses.

[0206] Assuming that devices whose original addresses are
36, 18, 72, 43, and 6 are present, the original address can be
compressed into 3 bits through the x %8 function. Address 36
is compressed into 4 (=36%38), address 18 into 2 (=18%S8),
address 72 into 0 (=72%8), address 43 into 3 (=43%8), and
address 6 into 6 (=6%8).

[0207] Another example of the hash function f(x) may be an
exclusive OR (XOR) function. The XOR function is an algo-
rithm for performing an XOR operation of adjacent bits in n
bits. For example, when two adjacent bits are output to one bit
through the XOR operation, an address of 48 bits can be
compressed into the compressed address of 24 bits.

[0208] As described above, because the address field uses
the compressed address, the remaining bits of the address
field can be used to carry signaling information. Accordingly,
additional signaling information can be transmitted without
increasing a length of a frame. Since the number of devices
within the BSS is generally limited and 2™ devices can be
identified even if N bytes are used in the address field of 6
bytes, the compressed address cannot have an influence on
network performance.

[0209] While it has been described in the above embodi-
ments of the present invention that a part of the address field
is used for the compressed address field and a remaining part
is used for the signal field, the whole of the address field can
be used to carry the signaling information. These embodi-
ments are described below.

[0210] FIG. 30, FIG. 31, and FIG. 32 exemplify a request
frame without a compressed address according to various
embodiments of the present invention, FIG. 33 exemplifies a
response frame without a compressed address according to
various embodiments of the present invention, and FIG. 34
shows an example of an exchange of a request frame and a
response frame shown in FIG. 30 to FIG. 33. For conve-
nience, only a data field is shown in FIG. 30, FIG. 31, FIG. 32,
and FIG. 33.

[0211] Referring to FIG. 30, an RA field and a TA field of a
request frame are used to carry signaling information. The
RA field includes a signal field (HEW-SIG-A) and the TA
field includes a signal field (HEW-SIG-B). The entire RA
field may be the HEW-SIG-A and the entire TA field may be
the HEW-SIG-B.

[0212] Hereinafter, the request frame shown in FIG. 30 is
referred to as a request frame of type 1. When each of the RA
field and the TA field has 6 bytes, the request frame of type 1
can carry signaling information having 12 bytes.

[0213] Referring to FIG. 31, a TA field of a request frame is
used to carry signaling information. The RA field includes an
RA that is an address of a device destined to receive the
request frame and the TA field includes a signal field (HEW-
SIG-A). The entire TA field may be the HEW-SIG-A.

[0214] Referring to FIG. 32, an RA field of a request frame
is used to carry signaling information. The TA field includes
a TA that is an address of a device transmitting the request
frame and the RA field includes a signal field (HEW-SIG-A).
The entire RA field may be the HEW-SIG-A.

[0215] Hereinafter, the request frame shown in FIG. 31 is
referred to as a request frame of type 2 and the request frame
shown in FIG. 32 is referred to as a request frame of type 3.
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When each of the RA field and the TA field has 6 bytes, the
request frame of type 2 or 3 can carry signaling information
having 6 bytes.

[0216] A request frame shown in FIG. 16, i.e., a request
frame that does not carry the signaling information through
the address field may be used in an embodiment of the present
invention. Hereinafter, this request frame is referred to as a
request frame of type 4.

[0217] In an embodiment, any one of the request frames of
types 1, 2, 3, and 4 may be used. In another embodiment, at
least two of the request frames of types 1, 2, 3, and 4 may be
used. In this case, the HEW device may select any one of the
at least two types and transmit the request frame of the
selected type.

[0218] Referring to FIG. 33, an RA field of a response
frame is used to carry signaling information. The RA field
includes a signal field (HEW-SIG-A). The entire RA field
may be the HEW-SIG-A. Hereinafter, the response frame
shown in FIG. 33 is referred to as a response frame of type 1.
When the RA field has 6 bytes, the response frame of type 1
can carry signaling information having 6 bytes.

[0219] A response frame shown in FIG. 17, i.e., a response
frame that does not carry the signaling information through
the address field may be used in an embodiment of the present
invention. Hereinafter, this request frame is referred to as a
response frame of type 2.

[0220] In some embodiments, the request frame or the
response frame described with reference to FIG. 30to FIG. 33
may be applied to a case that it is determined from frames
reported by HEW devices within a BSS that an overlapping
BSS (OBSS) does not exist or a case that HEW devices can
operate under a HEW greenfield mode because no previous
WLAN device exists within the BSS. In this case, a signal
field of an address field or a signal field of a PHY frame may
include BSS information.

[0221] In some embodiments, the BSS information may
include a BSS color ID and/or a partial association ID (PAID).
The BSS color ID is an ID used to distinguish a neighboring
BSS and may have for example 3 bits. The PAID is an ID
generated by a combination of some bits of an association ID
(AID) and a BSSID, and may have for example 9 bits.
[0222] For example, as shown in FIG. 34, a transmitting
HEW device (HEW AP) may transmit a request frame of type
2. In HEW devices (HEW STA1 and HEW STA2) having
received the request frame of type 2, the HEW STA1 whose
address matches the RA field of the request frame may trans-
mit a response frame of type 1. The HEW AP can determine
that the response frame is transmitted from its own BSS, i.e.,
is a response of the request frame transmitted by the HEW AP,
based on BSS information indicated by the signal field
(HEW-SIG-A) of the response frame. The BSS information
may be transmitted through another signal field instead of the
HEW-SIG-A included in the RA field of the response frame.
Accordingly, the HEW AP can transmit a data frame to the
HEW STAT1 and then receive an ACK frame from the HEW
STAIL.

[0223] The other HEW device (HEW STA2) sets a NAV
based on a value indicated by a duration field of the request
frame since its address does not match the RA field of the
request frame. If the HEW STAZ2 receives the response frame,
the HEW STA2 may update the NAV based on a value indi-
cated by a duration field of the response frame.

[0224] Alternatively, the HEW AP may transmit a request
frame of type 3. HEW devices (HEW STA1 and HEW STA2)
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having received the request frame of type 3 can determine
whether they are a recipient of the request frame from a PAID
included in BSS information set to a signal field (HEW-SIG-
A) of the request frame. The BSS information may be trans-
mitted through another signal field instead of the HEW-
SIG-A included in the RA field of the response frame.
[0225] Accordingly, the HEW STA1 that is the recipient of
the request frame may transmit a response frame of type 1.
The HEW AP can determine that the response frame is trans-
mitted from its BSS, based on BSS information indicated by
the signal field (HEW-SIG-A) of the response frame. Accord-
ingly, the HEW AP can transmit a data frame to the HEW
STA1 and then receive an ACK frame from the HEW STA1.
[0226] As described above, since the entire address field
can be used to carry signaling information, additional signal-
ing information can be transmitted without increasing a
length of a frame.

[0227] Next, embodiments for indicating that a request
frame or a response frame carries signaling information using
an address field are described with reference to FIG. 35, FIG.
36, FIG. 37, FIG. 38, and FIG. 39.

[0228] FIG. 35 exemplifies a frame control field in a
WLAN according to an embodiment of the present invention,
FIG. 36 and FIG. 37 exemplity a TA field of a request frame
in a WLAN according to embodiments of the present inven-
tion, and FIG. 38 exemplifies a service field in a WLAN
according to an embodiment of the present invention.
[0229] In an embodiment, as shown in FIG. 35, a frame
control field of a request or response frame includes a signal-
ing indication for indicating a signaling transmission mode
where the frame transmits signaling information using an
address field.

[0230] The frame control field includes a protocol version
field, a type field, a subtype field, a To DS field, a From DS
field, a more fragments field, a retry field, a power manage-
ment field, a more data field, a protected frame field, and an
order field.

[0231] The protocol version field is 2 bits in length and
includes a protocol version of a standard.

[0232] The type field and the subtype field indicate frame
type and subtype as described above. The type field is 2 bits in
length and the subtype field is 4 bits in length.

[0233] Eachofthe To DS field and the From DS field is 1 bit
in length. The To DS field is set to ‘1’ in data frames destined
for a DS and the From DS field is set to ‘1’ in data frames
exiting the DS. The more fragments field is 1 bit in length and
is set to ‘1’ in data or management frames that have another
fragment of a current MSDU or current MMPDU to follow.
The retry field is 1 bit in length and is set to ‘1’ in any data or
management type frame that is a retransmission of an earlier
frame.

[0234] The power management field is 1 bit in length and is
used to indicate a power management mode of a device. A
value of ‘1’ indicates that the device will be in a power-save
mode and a value of ‘0’ that the device will be in an active
mode.

[0235] The more data field is 1 bit in length and is used for
an AP to indicate to a station that the AP has one or more
buffered MSDUs or MMPDUS for the station. The data field
is valid in individually addressed data or management frames
and is set to ‘1’ when at least one additional buffered MSDU
or MMPDU is present for the STA. The protected frame is 1
bit in length and is set to ‘1 if a frame body field of a data or
management frame contains information that has been pro-
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cessed by a cryptographic encapsulation algorithm. The order
field is 1 bit in length and is used for data or management
frames.

[0236] In one embodiment, the subtype field of the frame
control field includes the signaling indication. The request
frame or response frame belongs to a control frame. Referring
to Table 1 again, when the frame type is the control frame,
values of ‘0000’ to ‘0011 are reserved so any one of the
values may be used for the signaling indication.

[0237] For example, a value of ‘0010’ may be used for the
signaling indication ofthe request frame and a value of ‘0011°
may be used for the signaling indication of the response
frame. Accordingly, when the type field of a frame has ‘01’
and the subtype field of the frame has ‘0010’, the frame may
be defined as a request frame for carrying signaling informa-
tion through an address field. When the type field of a frame
has ‘01’ and the subtype field of the frame has ‘0011, the
frame may be defined as a response frame for carrying sig-
naling information through an address field.

[0238] In another embodiment, a field that is used for only
the data or management frames from among various fields of
the frame control field is used for the signaling indication. As
described with reference to FIG. 30, since the To DS field, the
From DS field, the more fragments field, the retry field, the
more data field, the protected frame field, and the order field
are used for only the data or management frames, these fields
are set to ‘0’ in the control frames. Accordingly, any one of
these fields may be assigned to the signaling indication. For
example, when the more fragments field is assigned to the
signaling indication, a request frame or a response frame
whose more data field is set to ‘1” may be defined as a frame
for carrying signaling information through an address field.
[0239] In some embodiments, when two or more bits are
required for the signaling indication, at least two fields from
among the To DS field, the From DS field, the more fragments
field, the retry field, the more data field, the protected frame
field, and the order field may be used for the signaling indi-
cation.

[0240] Inyet another embodiment, a part of a TA fieldin a
request frame is used for the signaling indication.

[0241] In a previous WLAN, an MSB of the TA field has
been used for an individual/group indication for indicating an
individual address or a group address. Particularly, in the
IEEE standard 802.11ac, the MSB of the TA field, i.e., the
individual/group indication has been used for a dynamic
bandwidth indication for indicating whether a dynamic band-
width is used.

[0242] Therefore, when the dynamic bandwidth is not sup-
ported ina WL AN according to an embodiment ofthe present
invention, the MSB of the TA field in the request frame is used
for the signaling indication as shown in FIG. 36. In some
embodiments, when two or more bits are required for the
signaling indication, the first N bits of the MSB may be used
for the signaling indication.

[0243] Alternatively, when the dynamic bandwidth is sup-
ported ina WL AN according to an embodiment ofthe present
invention, the first MSB of the TA field may be used for the
dynamic bandwidth indication and the second MSB (i.e.,
MSB+1) of the TA field may be used for the signaling indi-
cation as shown in FIG. 37. In some embodiments, when two
or more bits are required for the signaling indication, the
second to N-th MSBs may be used for the signaling indica-
tion.
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[0244] In yet another embodiment, a duration field of a
request or response frame is used for the signaling indication.
[0245] Referring to Table 2, bits 0 to 14 are used for a
duration value and a bit 15 is not used for the duration value
in the duration field of the request or response frame. There-
fore, the bit 15 of the duration field may be used for the
signaling indication.

[0246] In yet another embodiment, one or more bits of a
service field in a data field including a request frame or a
response frame are used for the signaling indication.

[0247] As shown in FIG. 38, the first 7 bits of the service
field are scrambler initialization bits and remaining bits, i.e.,
eighth to sixteenth bits are reserved. At least one bit of the
reserved bits may be used for the signaling indication.
[0248] In yet another embodiment, one or more bits of
scrambler initialization bits in a service field of a data field
including a request frame or a response frame are used for the
signaling indication. In some embodiments, the fourth bit B3
or the fitth bit B4 of the scrambler initialization bits may be
used for the signaling indication.

[0249] First, an embodiment for using the fourth bit B3 of
the scrambler initialization bit as the signaling indication is
described with Table 4 to Table 11.

[0250] A data field of a PHY frame is scrambled by a
scrambler, for example a frame synchronization scrambler.
The scrambler repeatedly generates a 127-bit sequence to
output a scrambling sequence. The same scrambler is used in
a transmitter and a receiver.

[0251] The 127-bit sequence is determined by a 7-bit
scrambler seed used for initializing the scrambler and a sev-
enth-degree generator polynomial of the scrambler. In this
case, the first 7 bits of the 127-bit sequence, i.e., the first 7 bits
of the scrambling sequence are equal to the scrambler seed.
Further, the first 7 bits of the scrambling sequence, i.e., the
scrambler seed is determined by TXVECTOR or RXVEC-
TOR parameters. The TXVECTOR represents a list of
parameters that a MAC sublayer provides to a local PHY
entity and the RXVECTOR represents a list of parameters
that a PHY provides to a local MAC entity.

[0252] When a device transmits a frame, an initial state of a
scrambler is set to a pseudorandom nonzero state when
TXVECTOR parameter CH_BANDWIDTH_IN_NON_HT
to be described in Table 4 is not present. A scrambling
sequence is determined by a pseudorandom nonzero seed.
When the TXVECTOR parameter CH_BANDWIDTH_IN_
NON_HT is present, the first 7 bits of a scrambling sequence
is set as in Table 4.

[0253] Remaining bits of the scrambling sequence may be
generated as shown in FIG. 39. A scrambler exemplified in
FIG. 39 represents a case that a generator polynomial G(X)
=X"+X*+1 is used. The scrambler performs the XOR opera-
tion on register values corresponding to X* and X” to output a
bit and inputs the output bit to a register. The scrambler
outputs the first 7 bits of the scrambling sequence without
performing the XOR operation and outputs next bits through
the XOR operation after the first 7 bits are input to the register.
The scrambler scrambles bits of the data field with the output
bits.

[0254] Table 4 shows the first 7 bits of the scrambling
sequence depending on the TXVECTOR and RXVECTOR
parameters in a WLAN according to an embodiment of the
present invention.
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[0255] Table 5 shows the TXVECTOR parameter TABLE 9-continued
CH_BANDWIDTH_IN_NON_HT of Table 4.
Enumerated Value
TABLE 5 HEW_SIG_IN_NON_HT B3 value Meaning [B4:B6]
Enumerated value Meaning Value
1 HEWSIG3 HEW SIG 3
CBW20 channel bandwidth 20 MHz 0 MODE 3
CBW40 channel bandwidth 40 MHz 1
CBWS0 chamnel bandwidth 80 MHz 2 ! HEWSIG4 HEW SIG 4
CBW160 or CBWS80 + 80 channel bandwidth 160 MHz or 3 MODE 4
channel bandwidth 80 MHz + 1 HEWSIGS HEW SIG 5
80 MHz
MODE 5
1 HEWSIG6 HEW SIG 6
[0256] Table 6 shows the RXVECTOR parameter MODE 6
CH_BANDWIDTH_IN_NON_HT or HEW_SIG_CH_ 1 HEWSIGT HEW SIG 4
BW_IN_NON_HT of Table 4.
MODE 7
TABLE 6
CbwInNonHtTemp RXVECTOR parameter [0260] Table 10 shows the RXVECTOR parameter HEW _
0 CBW20 SIG_MODE_IN_NON_HT parameter of Table 4.
1 CBW40
2 CBWS80 TABLE 10
3 CBW160 or CBWS80 + 80
RXVECTOR
HewSigModeInNonHtTemp parameter
[0257] Table 7 shows DYN_BANDWIDTH_IN_NON_
HT parameter of Table 4. 0 HEWSIGO
1 HEWSIG1
2 HEWSIG2
TABLE 7 3 HEWSIG3
4 HEWSIG4
Enumerated value Value 5 HEWSIGS
- 6 HEWSIG6
Static 0 7 HEWSIGT
Dynamic 1
[0258] Table 8 shows the TXVECTOR parameter HEW_ [0261] Table 11 shows the HEW_SIG_IN_NON_HT
SIG_CH_BW_IN_NON_HT of Table 4. parameter of Table 4.
TABLE 8
HEW_SIG_IN_NON _HT DYN_BANDWIDTH_IN_NON_HT Enumerated Value
B3 B4 value Meaning [B5:B6]
0 1 CBW20 channel bandwidth 0
20 MHz
0 1 CBW40 channel bandwidth 1
40 MHz
0 1 CBW80 channel bandwidth 2
80 MHz
0 1 CBW160 or channel bandwidth 3
CBWR0 + 80 160 MHz or channel
bandwidth 80 MHz +
80 MHz
[0259] Table 9 shows the TXVECTOR parameter HEW_ TABLE 11
SIG_IN_NON_HT parameter of Table 4.
Enumerated value Value
TABLE 9 Not support HEW signaling 0
Support HEW signaling 1
Enumerated Value
HEW_SIG_IN_NON_HT B3 value Meaning [B4:B6]
[0262] Referring to Table 4, the CH_BANDWIDTH_IN_
1 HEWSIGO HEW SIG 0 NON_HT, DYN_BANDWIDTH_IN NON_HT, HEW_
) HEWSIGL HEW SIG ) SIG_CH_BW_IN_NON_HT, HEW_SIG_IN_NON_HT,
MODE 1 and HEW_SIG_MODE_IN_NON_HT parameters are pro-
1 HEWSIG? HEW SIG 5 vided as the TXVECTOR and RXVECTOR parameters.
MODE 2 [0263] In Table 4, the CH_BANDWIDTH_IN_NON_HT
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parameter is a parameter defined in the IEEE standard 802.
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11ac and is defined as in Table 5 and Table 6. The DYN_
BANDWIDTH_IN_NON_HT parameter is a parameter
defined in the IEEE standard 802.11ac and is defined as in
Table 7.

[0264] Referring to Table 5, the TXVECTOR parameter
CH_BANDWIDTH_IN_NON_HT is represented as any one
of CBW20, CBW40, CBW80, and CBW160 or CBW80+80.
CBW20 has a value of 0 and indicates that a channel band-
width 20 MHz is used. CBW40 has a value of 1 and indicates
that a channel bandwidth 40 MHz is used. CBW80 has a value
of 2 and indicates that a channel bandwidth 80 MHz is used.
CBW160 or CBW80+80 has a value of 3 and indicates that a
channel bandwidth 160 MHz or 80 MHz+80 MHz is used.
[0265] Referring to Table 6, CbwInNonHtTemp variable is
mapped to any one of CBW20, CBW40, CBW80, CBW 160,
and CBW80+80 of the RXVECTOR parameter CH_BAND-
WIDTH_IN_NON_HT or HEW_SIG_CH_BW_IN_NON_
HT.

[0266] Referring to Table 7, the DYN_BANDWIDTH_IN_
NON_HT parameter is represented any one of “Static” and
“Dynamic.”

“Static” has a value of 0 and indicates that a dynamic band-
width allocation is not used.

“Dynamic” has a value of 1 and indicates that the dynamic
bandwidth allocation is used.

[0267] InTable4,the HEW_SIG_CH_BW_IN_NON_HT,
HEW_SIG_IN_NON_HT and HEW_SIG_MODE_IN_
NON_HT parameters are parameters defined in a WLAN
according to an embodiment of the present invention. The
HEW_SIG_CH_BW_IN_NON_HT parameter is defined as
in Table 8 and Table 6, the HEW_SIG_IN_NON_HT param-
eter is defined as in Table 10 and Table 11, and the HEW_
SIG_MODE_IN_NON_HT parameter is defined as in Table
12. In some embodiments, the HEW_SIG_CH_BW_IN_
NON_HT parameter may be replaced with the CH_BAND-
WIDTH_IN_NON_HT parameter.

[0268] Referring to Table 8, the TXVECTOR parameter
HEW_SIG_CH_BW_IN_NON_HT is used when the HEW _
SIG_IN_NON_HT parameter is and the DYN_BAND-
WIDTH_IN_NON_HT parameteris 1. The HEW_SIG_CH_
BW_IN_NON_HT parameter is represented as any one of
CBW20, CBW40, CBW80, and CBW160 or CBW80+80.
CBW20 has a value of 0 and indicates that a channel band-
width 20 MHz is used. CBW40 has a value of 1 and indicates
that a channel bandwidth 40 MHz is used. CBW80 has a value
of 2 and indicates that a channel bandwidth 80 MHz is used.
CBW160 or CBW80+80 has a value of 3 and indicates that a
channel bandwidth 160 MHz or 80 MHz+80 MHz is used.
[0269] Referring to Table 9, the TXVECTOR parameter
HEW_SIG_IN_NON_HT is represented as any one of
HEWSIGO, HEWSIG1, HEWSIG2, HEWSIG3, HEWSIG4,
HEWSIGS, HEWSIG6, and HEWSIG7. HEWSIGO,
HEWSIGI1, HEWSIG2, HEWSIG3, HEWSIG4, HEWSIGS,
HEWSIG6 and HEWSIG?7 have values of 0, 1, 2, 3,4, 5, 6,
and 7, respectively, and indicate that a plurality of signaling
mode, i.e., HEW SIG MODE 0, HEW SIG MODE 1, HEW
SIG MODE 2, HEW SIG MODE 3, HEW SIG MODE 4,
HEW SIG MODE 5, HEW SIG MODE 6, and HEW SIG
MODE 7 being used, respectively. Each signaling mode may
indicate any one of request frames or response frames of
various types described with reference to FIG. 17 to FIG. 28.
Each signaling mode may indicate any one of the request
frames or response frames of various types or whether the
dynamic bandwidth allocation is used. Each signaling mode
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may indicate any one of various modes including a signaling
transmission mode and a dynamic bandwidth allocation
mode.

[0270] Referring to Table 10, the HewSigModeInNonHt-
Temp value is mapped to any one of HEWSIGO, HEWSIG1,
HEWSIG2, HEWSIG3, HEWSIG4, HEWSIGS, HEWSIG6,
and HEWSIG7 in the RXVECTOR parameter HEW_SIG_
MODE_IN_NON_HT.

[0271] Referring to Table 11, the HEW_SIG_IN_NON_
HT parameter is a signaling indication and is represented as
any one of “Not support HEW signaling” and “Support HEW
signaling.”. “Not support HEW signaling” has a value of 0
and indicates that a transmission of signaling information
through an address field is not supported. “Support HEW
signaling” has a value of 1 and indicates that the transmission
of signaling information through an address field is sup-
ported. In another embodiment, “Not support HEW signal-
ing” and “Support HEW signaling” may have values of 1 and
0, respectively.

[0272] Referring to Table 4 again, the first to third rows of
Table 4 correspond to part for supporting backward compat-
ibility on VHT devices in a WLAN according to an embodi-
ment of the present invention.

[0273] If the CH_BANDWIDTH_IN_NON_HT param-
eter is present and the DYN_BANDWIDTH_IN_NON_HT
parameter is not present in the TXVECTOR parameter, a
transmitting VHT device sets the first 7 bits of a scrambling
sequence as in the first row of Table 4. The last two bits BS and
B6 of the 7 bits are set according to the CH_BANDWIDTH_
IN_NON_HT parameter. The CH_BANDWIDTH_IN_
NON_HT parameter may be transmitted LSB first. For
example, if CBWS8O0 has a value of 2, which is ‘10’ in binary
representation, the 2 bits B5 and B6 may be set to ‘0’ and “1°,
respectively. The remaining 5 bits BO-B4 are set to a 5-bit
pseudorandom nonzero integer if the CH_BANDWIDTH_
IN_NON_HT parameter equals CBW20 and a 5-bit pseudo-
random integer otherwise.

[0274] If the CH_BANDWIDTH_IN_NON_HT and
DYN_BANDWIDTH_IN_NON_HT parameters are present
in the TXVECTOR parameter, the first 7 bits are set as in the
second row of Table 4. The last 2 bits B5 and B6 of the 7 bits
are set according to the CH_BANDWIDTH_IN_NON_HT
parameter, and the fifth bit B4 of the 7 bits is set according to
the DYN_BANDWIDTH_IN_NON_HT parameter.
Remaining 4 bits BO-B3 are set to a 4-bit pseudorandom
nonzero integer if the CH_BANDWIDTH_IN_NON_HT
parameter equals CBW20 and the DYN_BANDWIDTH_
IN_NON_HT parameter equals “Static” and a 4-bit pseudo-
random integer otherwise.

[0275] A receiving VHT device sets the CbwINNonHt-
Temp variable to bits B5 and B6 selected in the scrambling
sequence, and maps the CbwINNonHtTemp variable to
CH_BANDWIDTH_IN_NON_HT parameter as shown in
Table 6. The receiving VHT device sets the DYN_BAND-
WIDTH_IN_NON_HT parameter to the bit B4 selected in
the scrambling sequence. A PHY in the receiving VHT device
cannot determine whether the CH_BANDWIDTH_IN_
NON_HT and DYN_BANDWIDTH_IN_NON_HT param-
eters are present in the TXVECTOR of a transmitting PHY.
Therefore, the PHY in the receiving VHT device always
includes the CH_BANDWIDTH_IN_NON_HT and DYN_
BANDWIDTH_IN_NON_HT parameters in the RXVEC-
TOR.
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[0276] The fourth to seventh rows of Table 4 correspond to
devices in a WLAN according to an embodiment of the
present invention, i.e., HEW devices.

[0277] A HEW device selects a mode using the fourth and
fifth bits B3 and B4 of a scrambling sequence. The HEW
device includes the HEW_SIG_CH_BW_IN_NON_HT,
DYN_BANDWIDTH_IN_NON_HT, and HEW_SIG_IN_
NON_HT parameters in the TXVECTOR and RXVECTOR.
[0278] In the first 7 bits of the scrambling sequence, the
fourth bit B3 indicates the HEW_SIG_IN_NON_HT param-
eter corresponding to a signaling indication and the fifth bit
B4 indicates the DYN_BANDWIDTH_IN_NON_HT
parameter.

[0279] The fourth bit B3 having a value of ‘0’ indicates that
a transmission of signaling information through an address
field is not supported. In this case, in the first 7 bits of the
scrambling sequence, the fifth bit B4 of is used for the DYN_
BANDWIDTH_IN_NON_HT parameter for indicating the
dynamic bandwidth allocation and the sixth and seventh bits
BS5 and B6 are used for the HEW_SIG_CH_BW_IN_NON_
HT parameter for indicating the channel bandwidth. Accord-
ingly, the transmitting HEW device may indicate the dynamic
bandwidth allocation by setting the bit B3 to ‘0” when a
receiving device is a VHT device.

[0280] The fourth bit B3 having a value of “1” indicates that
a transmission of signaling information through an address
field is supported. In this case, the last 3 bits B4, BS, and B6
in the first 7 bits of the scrambling sequence are used for
indicating the signaling mode. Accordingly, the transmitting
HEW device may use the last 3 bits B4, B5, and B6 to indicate
the signaling mode when a receiving device is a HEW device.
Since 3 bits B4, BS, and B6 are used, eight signaling modes
can maximally be indicated.

[0281] A PHY in the receiving HEW device cannot deter-
mine whether the HEW_SIG_IN_NON_HT parameter is
present in the TXVECTOR of a transmitting PHY. Therefore,
the receiving PHY in the HEW device always includes the
HEW_SIG_IN_NON_HT parameter in the RXVECTOR.
4 Further, the receiving PHY always includes the HEW _
SIG_CH_BW_IN_NON_HT and DYN_BANDWIDTH_
IN_NON_HT parameters in the RXVECTOR.

[0282] A case that the HEW_SIG_IN_NON_HT param-
eter is set to 0 is described.

[0283] The transmitting HEW device sets the first 7 bits of
the scrambling sequence as in the fourth row of Table 4. The
last 2 bits B5 and B6 are set according to the HEW_SIG_CH_
BW_IN_NON_HT parameter. The HEW_SIG_CH_BW_
IN_NON_HT parameter may be transmitted L.SB first. For
example, if CBWS8O0 has a value of 2, which is ‘10’ in binary
representation, the 2 bits B5 and B6 may be setto ‘0’ and “1°,
respectively. The fifth bit B4 of the 7 bits is set according to
the DYN_BANDWIDTH_IN_NON_HT parameter.
Remaining 3 bits B0-B2 are set to a 3-bit pseudorandom
nonzero integer if the HEW_SIG_CH_BW_IN_NON_HT
parameter equals CBW20 and the HEW_SIG_IN_NON_HT
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parameter equals “Not support HEW signaling” and a 3-bit
pseudorandom integer otherwise.

[0284] The receiving HEW device sets the CbwINNonHt-
Temp variable to bits B5 and B6 selected in the scrambling
sequence, and maps the CbwINNonHtTemp variable to the
RXVECTOR parameter HEW_SIG_CH_BW_IN_NON_
HT as shown in Table 6. The receiving HEW device sets the
DYN_BANDWIDTH_IN_NON_HT parameter to the bit B4
selected in scrambling sequence. A receiving PHY in the
HEW device cannot determine whether the HEW_SIG _IN_
NON_HT, HEW_SIG_CH_BW_IN_NON_HT, and DYN_
BANDWIDTH_IN_NON_HT parameters are present in the
TXVECTOR of a transmitting PHY. Therefore, the receiving
PHY always includes the HEW_SIG_IN_NON_HT, HEW_
SIG_CH_BW_IN_NON_HT, and DYN_BANDWIDTH_
IN_NON_HT parameters to the RXVECTOR.

[0285] A case that the HEW_SIG_IN_NON_HT param-
eter is set to 1 is described.

[0286] The transmitting HEW device sets the first 7 bits of
the scrambling sequence as in the sixth row of Table 4. The
last 3 bits B4, B5, and B6 of the 7 bits are set according to
HEW_SIG_MODE_IN_NON_HT parameter. The HEW_S-
IG_MODE_IN_NON_HT parameter may be transmitted
LSB first. For example, if HEWSIG3 has a value of 3, which
is ‘011” in binary representation, the 3 bits B4, B5, and B6
may be setto ‘1°, “1°, and ‘0, respectively. Remaining 3 bits
B0-B2 are set to a 3-bit pseudorandom nonzero integer if the
HEW_SIG_CH_BW_IN_NON_HT  parameter equals
CBW20 and the HEW_SIG_IN_NON_HT parameter equals
“Not support HEW signaling” and a 3-bit pseudorandom
integer otherwise.

[0287] The receiving HEW device sets the HewSigMo-
deINNonHtTemp variable to the bits B4, BS, and B6 selected
in the scrambling sequence, and maps the HewSigModeIN-
NonHtTemp variable to the RXVECTOR parameter HEW_
SIG_MODE_IN_NON_HT as shown in Table 10. A receiv-
ing PHY in the HEW device cannot determine whether the
HEW_SIG_IN_NON_HT, HEW_SIG_CH_BW_IN_NON_
HT, and DYN_BANDWIDTH_IN_NON_HT parameters are
present in the TXVECTOR of a transmitting PHY. Therefore,
the receiving PHY always includes the HEW_SIG_IN_
NON_HT, HEW_SIG_CH_BW_IN_NON_HT, and DYN_
BANDWIDTH_IN_NON_HT parameters to the RXVEC-
TOR.

[0288] As described above, because one bit B3 of the first 7
bits in the scrambling sequence is used for the signaling
indication, it can be indicated whether signaling information
is transmitted through an address field of a request frame or a
response frame or whether a dynamic bandwidth allocation is
used.

[0289] Next, an embodiment using the fifth bit B4 of scram-
bler initialization bit for the signaling indication is described
with reference to Table 12, Table 13, and Table 14.

[0290] Table 12 shows the first 7 bits of the scrambling
sequence depending on the TXVECTOR and RXVECTOR
parameters in a WLAN according to an embodiment of the
present invention.
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[0291] Table 13 shows the TXVECTOR or RXVECTOR used. CBW40 has a value of 1 and indicates that a channel
parameter HEW_SIG_CH_BW_IN_NON_HT of Table 12. bandwidth 40 MHz is used. CBW80 has a value of 2 and
TABLE 13
HEW_SIG_IN_NON_HT Enumerated Value
B3 value Meaning [B5:B6]
1 CBW20 channel bandwidth 20 MHz 0
1 CBW40 channel bandwidth 40 MHz 1
1 CBW80 channel bandwidth 80 MHz 2
1 CBW160 or channel bandwidth 160 MHz or channel 3
CBW80 + 80 bandwidth 80 MHz + 80 MHz
0 HEWSIGO HEW SIG MODE 0 0
0 HEWSIG1 HEW SIG MODE 1 1
0 HEWSIG2 HEW SIG MODE 2 2
0 HEWSIG3 HEW SIG MODE 3 3

[0292] Table 14 shows the HEW_SIG_DYN_BW_IN_
NON_HT parameter of Table 12

TABLE 14

Enumerated value Value

HEW signaling
Dynamic bandwidth

[0293] Referring to Table 12, the CH_BANDWIDTH_IN_
NON_HT, DYN_BANDWIDTH_IN_NON_HT, HEW_
SIG_CH_BW_IN_NON_HT, and HEW_SIG_DYN_BW_
IN_NON_HT parameters are provided as the TXVECTOR
and RXVECTOR parameters.

[0294] InTable 12,the CH_ BANDWIDTH_IN_NON_HT
parameter is defined as in Table 5 and Table 6 and the DYN_
BANDWIDTH_IN_NON_HT parameter is defined as in
Table 7.

[0295] InTable 4, the HEW_SIG_CH_BW_IN_NON_HT
and HEW_SIG_DYN_BW_IN_NON_HT parameters are
parameters defined in a WLAN according to an embodiment
of the present invention. The HEW_SIG_CH_BW_IN_
NON_HT parameter is defined as in Table 13 and the HEW _
SIG_DYN_BW_IN_NON_HT parameter is defined as in
Table 14.

[0296] Referring to Table 13, usage of the TXVECTOR or
RXVECTOR parameter HEW_SIG_CH_BW_IN_NON_
HT is changed depending on the HEW_SIG_IN_NON_HT
parameter. The HEW_SIG_IN_NON_HT parameter indi-
cates whether the HEW_SIG CH_BW_IN NON_HT
parameter is used for a signaling indication or a dynamic
bandwidth indication. Referring to Table 14, the HEW_SIG_
IN_NON_HT parameter is represented as any one of “HEW
signaling” and “Dynamic bandwidth.”

[0297] “HEW signaling”has a value of 0 and indicates that
the HEW_SIG_CH_BW_IN_NON_HT parameter is used
for the signaling indication. “Dynamic bandwidth” has a
value of 1 and indicates that the HEW_SIG_CH_BW_IN_
NON_HT parameter is used for the dynamic bandwidth indi-
cation. In another embodiment, “HEW signaling” and
“Dynamic bandwidth” may have values of O and 1, respec-
tively.

[0298] Referring to Table 13 again, if the HEW_SIG_IN_
NON_HT parameter is 1, the HEW_SIG_CH_BW_IN_
NON_HT parameter is represented as any one of CBW20,
CBW40, CBW80, and CBW160 or CBW80+80. CBW20 has
avalue of 0 and indicates that a channel bandwidth 20 MHz is
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indicates that a channel bandwidth 80 MHz is used. CBW160
or CBW80+80 has a value of 3 and indicates that a channel
bandwidth 160 MHz or 80 MHz+80 MHz is used.

[0299] Ifthe HEW_SIG_IN_NON_HT parameter is O, the
HEW_SIG_CH_BW_IN_NON_HT parameter is repre-
sented as any one of HEWSIGO, HEWSIG1, HEWSIG2, and
HEWSIG3. HEWSIGO, HEWSIG1, HEWSIG2, and
HEWSIG3 have values of 0, 1, 2, and 3, respectively, and
indicate that a plurality of signaling mode, i.e., HEW_SIG
MODE 0, HEW_SIG MODE 1, HEW_SIG MODE 2, and
HEW_SIG MODE 3 being used, respectively. Each signaling
mode may indicate any one of request frames or response
frames of various types described with reference to F1IG. 17 to
FIG. 28.

[0300] Referring to Table 12 again, the first to third rows of
Table 12 correspond to part for supporting backward compat-
ibility on VHT devices in a WLAN according to an embodi-
ment of the present invention, and are the same as the first to
third rows of Table 4.

[0301] The fourth and fifth rows of Table 12 correspond to
devices in a WLAN according to an embodiment of the
present invention, i.e., HEW devices.

[0302] A HEW device selects a mode using the fifth bit B4
of a scrambling sequence. The HEW device includes the
HEW_SIG_CH_BW_IN_NON_HT and HEW_SIG_DN_
BW_IN_NON_HT parameters in the TXVECTOR and
RXVECTOR. The fifth bit B4 of the first 7 bits in the scram-
bling sequence indicates the HEW_SIG_DN_BW_IN_
NON_HT parameter.

[0303] The fifth bit B4 having a value of ‘0’ indicates that a
transmission of signaling information through an address
field is supported. In this case, the last 2 bits B5 and B6 of the
first 7 bits in the scrambling sequence are used for indicating
the signaling mode. Accordingly, a transmitting HEW device
sets the 2 bits BS and B6 according to the HEW_SIG_CH_
BW_IN_NON_HT parameter. The HEW_SIG_CH_BW_
IN_NON_HT parameter may be transmitted L.SB first. For
example, it HEWSIG2 has a value of 2, which is ‘10’ in binary
representation, the 2 bits B5 and B6 may be set to ‘0’ and “1°,
respectively. Remaining 4 bits BO-B3 are set to a 4-bit pseu-
dorandom nonzero integer if the HEW_SIG_CH_BW_IN_
NON_HT parameter equals CBW20 or HEWSIGO and the
HEW_SIG_DYN_BW_IN_NON_HT parameter equals
“HEW signaling” and a 4-bit pseudorandom integer other-
wise.

[0304] The fifth bit B4 having a value of ‘1” indicates that a
dynamic bandwidth allocation is used. The last 2 bits B5 and
B6 of the 7 bits in the scrambling sequence are used for
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indicating a channel bandwidth. Accordingly, a transmitting
HEW device sets the 2 bits BS and B6 according to the
HEW_SIG_CH_BW_IN_NON_HT parameter. The HEW_
SIG_CH_BW_IN_NON_HT parameter may be transmitted
LSB first. For example, it CBWS8O0 has a value of 2, which is
10’ in binary representation, the 2 bits BS and B6 may be set
to ‘0’and ‘1°, respectively. The remaining 4 bits BO-B3 are set
to a 4-bit pseudorandom nonzero integer if the HEW_SIG_
CH_BW_IN_NON_HT parameter equals CBW20 or
HEWSIGO and the HEW_SIG_DYN_BW_IN_NON_HT
parameter equals “HEW signaling” and a 4-bit pseudoran-
dom integer otherwise.

[0305] A receiving HEW device sets the HEW_SIG_
DYN_BW_IN_NON_HT parameter to the bit B4 selected in
the scrambling sequence. Further, the receiving HEW device
maps a variable that is set by the bits B5 and B6 selected in
scrambling sequence according to the bit B4 to the HEW_
SIG_CH_BW_IN_NON_HT parameter.

[0306] As described above, because one bit B4 of the first 7
bits in the scrambling sequence is used for the signaling
indication, it can be indicated whether signaling information
is transmitted through an address field of a request or response
frame or whether a dynamic bandwidth allocation is used.
[0307] In some embodiments, signaling information car-
ried by an address field may include at least part of frame type
information, identifier related information, multi user (MU)
related information, transmission mode information of
OFDM or OFDMA, resource allocation information, power
saving information, calibration information, dynamic clear
channel assessment (CCA) information, and interference
information. The identifier related information may include a
BSSID, a PAID, and/or a group ID. The calibration informa-
tion may include information for calibrating a power, timing
and/or a frequency. The signaling information may further
include information associated with transmission or recep-
tion between a transmitting device and receiving device.
[0308] Next, examples using signaling information pro-
vided by a signaling method according to an embodiment of
the present invention are described.

[0309] FIG. 40, FIG. 41, FIG. 42, FIG. 43, FIG. 44, and
FIG. 45 show examples for transmitting a BSS color ID as
signaling information in a WLAN according to an embodi-
ment of the present invention. It is assumed in FIG. 40, FIG.
41,FIG. 42, FIG. 43,FIG. 44, and FIG. 45 that devices (AP1,
AP2, and AP3) are access points and devices (STA1, STA2,
and STA3) are stations.

[0310] Referring to FIG. 40, FIG. 41, FI1G. 42, and F1G. 43,
a BSS formed by the AP3 is a neighbor BSS, for example an
overlapping BSS (OBSS), of a BSS (BSS1) formed by the
AP1 and a BSS (BSS2) formed by the AP2.

[0311] Referring to FIG. 40 and FIG. 41, when an RTS
frame and a CTS frame are exchanged between a transmitting
device (AP3) and a receiving device (STA3) in order for the
AP3 to transmit downlink data to the STA3 in the OBSS, the
RTS frame and the CTS frame each includes a BSS color ID
as signaling information. An address field carrying the sig-
naling information in the RTS frame and the CTS frame may
include the BSS color ID indicating the OBSS.

[0312] Inthis case, the STA1 belonging to the BSS1 may be
included within an RTS protection region of the RTS frame
transmitted by the AP3 ofthe OBSS, and the STA2 belonging
to the BSS2 may be included within a CTS protection region
of'the CTS frame transmitted by the STA3 of the OBSS. The
STA1, based on the BSS color ID of the RTS frame, deter-
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mines that the RTS frame is not transmitted from its BSS and
does not set a NAV according to the RTS frame. Accordingly,
the STA1 can communicate with the AP1 of its BSS (BSS1)
regardless of the RTS frame transmitted from the OBSS. The
STA2, based on the BSS color ID of the CTS frame, deter-
mines that the CTS frame is not transmitted from its BSS and
does not set a NAV according to the CTS frame. Accordingly,
the STA2 can communicate with the AP2 of its BSS (BSS2)
regardless of the CTS frame transmitted from the OBSS.
[0313] Referring to FIG. 42 and FIG. 43, when an RTS
frame and a CTS frame are exchanged between a transmitting
device (STA3) and a receiving device (AP3) in order for the
STA3 to transmit uplink data to the AP3 in the OBSS, the RTS
frame and the CTS frame each includes a BSS color ID as
signaling information.

[0314] Inthis case, the STA1 belonging to the BSS1 may be
included within a CTS protection region of the CTS frame
transmitted by the AP3 of the OBSS, and the STA2 belonging
to the BSS2 may be included within a CTS protection region
of'the CTS frame transmitted by the STA3 of the OBSS. The
STA1, based on the BSS color ID of the CTS frame, deter-
mines that the CTS frame is not transmitted from its BSS and
does not set a NAV according to the CTS frame. The STA2,
based on the BSS color ID of the RTS frame, determines that
the RTS frame is not transmitted from its BSS and does not set
a NAV according to the RTS frame.

[0315] Referring to FIG. 44 and FIG. 45, a BSS formed by
the AP2 is a neighbor BSS, for example an overlapping BSS
(OBSS), of a BSS (BSS1) formed by the AP1.

[0316] WhenanRTS frameand a CTS frame are exchanged
between a transmitting device (AP2) and a receiving device
(STA2) in order for the AP2 to transmit downlink data to the
STA2 in the OBSS, the RTS frame and the CTS frame each
includes a BSS color ID as signaling information.

[0317] Inthis case, the STA1 belonging to the BSS1 may be
included within an RTS protection region of the RTS frame
transmitted by the AP2 of the OBSS and a CTS protection
region of the CTS frame transmitted by the STA2 of the
OBSS. The STA1, based on the BSS color IDs of the RTS
frame and the CTS frame, determines that the RTS frame and
the CTS frame are not transmitted from its BSS, and does not
set a NAV according to the RTS frame and the CTS frame.
Accordingly, the STA1 can communicate with the AP1 of its
BSS (BSS1) regardless of the RTS frame and the CTS frame
transmitted from the OBSS.

[0318] As described above, network efficiency can be
enhanced by including the BSS color ID in the signaling
information carried by the address field.

[0319] FIG. 46, FIG. 47, FIG. 48, and FIG. 49 show
examples for transmitting calibration information and/or
resource allocation information as signaling information in a
WLAN according to an embodiment of the present invention,
FIG. 50 shows an example for transmitting power saving
information as signaling information in a WLAN according
to an embodiment of the present invention, and FIG. 51 shows
an example for transmitting dynamic CCA information or
interference information as signaling information ina WLAN
according to an embodiment of the present invention.
[0320] Itisassumed in FIG. 46, FIG. 47, FIG. 48, FIG. 49,
FIG. 50, and FIG. 51 that OFDMA transmission is used in a
WLAN according to an embodiment of the present invention.
Further, it is assumed in FIG. 46, F1G. 47, FIG. 48, FI1G. 49,
FIG. 50, and FIG. 51 that a channel width is divided into a
plurality of bands, for example four bands, at the OFDMA
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transmission. Furthermore, it is assumed that a first band is
assigned to a device (STA1), a second band and a third band
are assigned to a device (STA2), and a fourth band is assigned
to devices (STA3 and STA4) from among the four bands. The
STA3 and STA4 may use the fourth band in a time division
duplex (TDD). Additionally, it is assumed in FIG. 46, FIG.
47,FI1G. 48, F1G. 49, FIG. 50, and FIG. 51 that a device (AP)
is an access point and the devices (STA1, STA2, STA3,STA4)
are stations.

[0321] Referring to FIG. 46, a transmitting device (AP)
transmits a common RTS (C-RTS) frame to be commonly
received by a plurality of devices (STA1, STA2, STA3, and
STA4). The C-RTS frame is a frame having the same RTS on
all of the bands. An address field of the C-RTS frame may
include compressed addresses of the STA1, STA2, STA3, and
STA4. The signaling information may include resource allo-
cation information of each of the STA1, STA2, STA3, and
STA4. The resource allocation information may include band
allocation information, i.e., frequency allocation informa-
tion, and may further include symbol allocation information,
i.e., time allocation information in a data field.

[0322] Inoneembodiment, an RA field of the C-RTS frame
may include the compressed addresses of the STA1, STA2,
STA3, and STA4, and the signaling information. In another
embodiment, the RA field of the C-RTS frame may include
the compressed addresses of the STA1, STA2, STA3, and
STA4, and a TA field of the C-RTS frame may include the
signaling information.

[0323] In the STA1, STA2, STA3, and STA4 having
received the C-RTS frame, the STA1 may transmit a common
CTS (C-CTS) frame in response to the C-RTS frame after a
SIFS interval. In this case, dedicated CTS (D-CTS) informa-
tion of the STA1 may be piggybacked to the C-CTS frame.

[0324] Since the C-RTS frame and the C-CTS frame are
transmitted on the entire bands, previous WLAN devices may
receive the C-RTS frame or the C-CTS frame as well as the
HEW devices. Other devices having received the C-RTS
frame or the C-CTS frame set NAV's based on a duration field
of the C-RTS frame or C-CTS frame since their addresses do
not match the RA field of the C-RTS frame or C-CTS frame.

[0325] Next, the AP transmits dedicated RTS (D-RTS)
frames. The D-RTS frames are set for each band. For
example, the D-RTS frame for the STA1 may be transmitted
on the first band, the D-RTS frames for the STA2 may be
transmitted on the second and third bands, and the D-RTS
frame for the STA3 and STA4 may be transmitted on the
fourth band. An address field of the D-RTS frame for each
band includes information dedicated to the receiving device
assigned to the corresponding band as signaling information.
For example, the signaling information may include informa-
tion for transmission and reception between the transmitting
device and the receiving device and calibration information
for uplink transmission. In one embodiment, an RA field of
the D-RTS frame for each band may include a compressed
address and signaling information of a receiving device
assigned to the corresponding band. In another embodiment,
the RA field of the D-RTS frame for each band may include an
address or the compressed address of the receiving device
assigned to the corresponding band device, and a TA field of
the D-RTS frame may include the signaling information.

[0326] In some embodiments, the AP having received the
C-CTS frame may transmit the D-RTS frame after an xIFS
interval. The xIFS interval may be equal to the SIFS interval.
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Alternatively, the xIFS interval may be different from the
SIFS interval and may be for example shorter than an IFS
interval.

[0327] The STA2 having received the D-RTS frame trans-
mits its D-CTS frame after the xIFS interval. Subsequently,
the STA3 transmits its D-CTS frame after the xIFS interval,
and then the STA4 transmits its D-CTS frame after the xIFS
interval. The D-CTS frame may include information dedi-
cated to the corresponding device as the signaling informa-
tion. As described above, the information dedicated to the
STA1 may be piggybacked to the C-CTS frame.

[0328] As such, the calibration information for the
OFDMA transmission and/or information for transmission
and reception of each device can be transmitted by using the
address field for carrying the signaling information.

[0329] Next, the AP receives the last D-CTS frame and then
transmits a data frame after the SIFS interval. For each band,
the data frame includes data of the devices assigned to the
corresponding band. When the data of the devices (STA1,
STA2, STA3, and STA4) are different in length, pad bits may
be added to a data field including the data having short length.
[0330] When the data for the different devices (STA3 and
STA4) are transmitted on the same band, the data for the
STA3 and STA4 may be transmitted in time division duplex
(TDD). A delimiter may be inserted between the data for the
STA3 and STA4.

[0331] Next, the STA1, STA2, STA3, and STA4 receive the
data frame from the AP and then transmit ACK frames after
the SIFS interval. Each of the STA1, STA2, STA3, and STA4
may transmit a dedicated ACK (D-ACK) frame on the allo-
cated band. When the STA3 and STA4 use the same band, one
device (for example, the STA3) may transmit the D-ACK
frame and then the other device (for example, the STA4) may
transmit the D-ACK frame after the xIFS interval.

[0332] Referring to FIG. 47, when the AP transmits the data
frame, the data frame may include information on a resource
(for example, a band) that is allocated to each receiving
device for transmitting the D-ACK frame. For example, when
the STA2 uses the two bands, the AP may allocate one band to
the STA2 as a band for transmitting the D-ACK frame and
may allocate the other band to one device (STA3) ofthe STA3
and STA4 using the same band as a band for transmitting the
D-ACK frame. The STA1 transmits the D-ACK frame on the
first band, the STA2 transmits the D-ACK frame on the sec-
ond band, the STA3 transmits the D-ACK frame on the third
band, and the STA4 transmits the D-ACK frame on the fourth
band. Accordingly, all of the STA1, STA2, STA3, and STA4
can transmit the D-ACK frames at the same time.

[0333] Referring to FIG. 48, upon transmitting the D-CTS
frames, the STA2, STA3, and STA4 may transmit the D-CTS
frames on the allocated bands.

[0334] Referring to FIG. 49, after calibration for uplink
OFDMA transmission is complete between transmitting
devices (STA1, STA2, STA3, and STA4) and a receiving
device (AP), each of the STA1, STA2, STA3, and STA4
transmits a D-RTS frame on an allocated band. In one
embodiment, only one device (STA3) of the STA3 and STA4
using the same band may transmit the D-RTS frame. In
another embodiment, one device (STA3) may transmit the
D-RTS frame and then the other device (STA4) may transmit
the D-RTS frame after the xIFS interval.

[0335] The AP having received the D-RTS frame transmits
D-CTS frames after the SIFS interval. The D-CTS frames are
set for each band. For example, the D-CTS frame for the
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STA1 may be transmitted on the first band, the D-CTS frames
for the STA2 may be transmitted on the second and third
bands, and the D-CTS frame for the STA3 and STA4 may be
transmitted on the fourth band. An RA field of the D-CTS
frame for each band includes information dedicated to the
receiving device assigned to the corresponding band as sig-
naling information. For example, the signaling information
may include information for transmission and reception
between the transmitting device and the receiving device
and/or resource allocation information. In some embodi-
ments, the RA field of the D-CTS frame for each band may
further include a compressed address of the receiving device
assigned to the corresponding band.

[0336] Inordertoperform the calibration, any one device of
the STA1, STA2, STA3, and STA4 may transmit the C-RTS
frame and the AP may transmit the C-CTS frame to the STA1,
STA2, STA3, and STA4. The C-CTS frame may resource
allocation information of the STA1, STA2, STA3, and STA4.
[0337] Next, each of the STA1, STA2, STA3, and STA4
receives the D-CTS frame on the corresponding band and
then transmits a data frame on the corresponding band after
the SIFS interval. For example, the STA1 may transmit the
data frame on the first band, the STA2 may transmit the data
frames on the second and third bands, and the STA3 and STA4
may transmit the data frame on the fourth band. The STA3 and
STA4 using the same may transmit the data frame in TDD.
The STA3 may transmit the data frame and then the STA4
may transmit the data frame after the SIFS interval.

[0338] Next, the AP receives the data frames from the
STA1, STA2, STA3, and STA4 and then transmits D-ACK
frames after the SIFS interval. The AP may transmit the
D-ACK frames by assigning an ACK for each of the STA1,
STA2, STA3, and STA4 to the corresponding band. The ACK
for the STA3 and STA4 using the same may be assigned to the
fourth band as a block ACK. The STA3 and STA4 may iden-
tify their own ACK based on a bitmap of the block ACK.
[0339] Referring to FIG. 50, a device may perform a power
saving operation by exchanging an RTS frame and a CTS
frame. In some embodiments, an address field of a C-RTS
frame and/or a C-CTS frame may include power saving infor-
mation as signaling information. In one embodiment, a power
saving mode may include a sleep mode. In another embodi-
ment, a power saving mode may include a low power opera-
tion mode. The sleep mode may be a mode in which a device
activates a local timer of a MAC layer and deactivates remain-
ing operations. The low power operation mode may be a
mode in which a communication bandwidth is restricted. For
example, the low power operation mode may be a mode for
reducing power consumption by lowering an operation fre-
quency of a device or deactivating some operation circuits.
[0340] In some embodiments, a D-RTS frame and/or a
D-CTS frame may include power saving information as sig-
naling information in address field.

[0341] Assuming that a transmitting device (AP) has no
data for transmitting a receiving device (STA1), the C-RTS
frame may include information about a sleep mode of the
STA1 as the signaling information. Accordingly, the STA1
can enter the sleep mode after transmitting the C-CTS frame.
The C-RTS frame may, as the signaling information, include
information about a low power operation mode of a receiving
device (for example, STA2) to which a part of the bands is
allocated. Since the STA2 can transmit or receive a frame on
only the allocated bands (the second and third band), the
STA2 may deactivate a circuit associated with a band except
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the allocated band. Accordingly, after the C-CTS frame is
transmitted, the STA2 can enter the low power operation
mode. When a length of data to be transmitted to a receiving
device (STA3) is short, the C-RTS frame may as the signaling
information include information associated with a sleep
mode of the STA3. The STA3 can enter a sleep mode after a
period corresponding to the data to be received from a data
frame.

[0342] When the AP has no data to be transmitted to the
STA1, the AP may transmit data for another device (for
example, a STA3) on the band allocated to the STAL1. In this
case, the C-RTS frame or the D-RTS frame may as the sig-
naling information include information indicating the data is
transmitted on another band.

[0343] As such, because the power saving information is
provided through the address field, the STA1, STA2, STA3,
and STA4 can reduce the power consumption.

[0344] Referring to FIG. 51, a transmitting device (AP)
may adjust a CCA threshold by exchanging an RTS frame and
a CTS frame.

[0345] The AP may determine network environment of
each of receiving devices (STA1, STA2, STA3, and STA4)
and may include information for adjusting the CCA threshold
to anaddress field of a D-RTS frame as signaling information.
In some embodiments, the information for adjusting the CCA
threshold may include a CCA adjusting factor and/or inter-
ference information. The interference information may
include a power of an interference signal and/or a cycle of the
interference signal. For example, if an influence which the
OBSS have on the STA1 is decreased, the D-RTS frame may
include information for reducing the CCA threshold of the
STA1 as the signaling information. If an influence which the
OBSS have on the STA2 is not changed, the D-RTS frame
may include information for maintaining the CCA threshold
of the STA2 as the signaling information. If an influence
which the OBSS have on the STA3 and STA4 is increased, the
D-RTS frame may include information for increasing the
CCA threshold of the STA3 and STA4 as the signaling infor-
mation.

[0346] As such, because the dynamic CCA information is
provided through the address field, the STA1, STA2, STA3,
and STA4 can adjust the CCA threshold according to the
network environment thereby enhancing the network effi-
ciency.

[0347] FIG. 52 and FIG. 53 exemplify a flowchart of a
signaling method by a device in a wireless communication
network according to an embodiment of the present inven-
tion.

[0348] Referring to FIG. 52, a transmitting device includes
signaling information in an address field of a MAC frame
(S5210) and generates a PHY frame having a data field into
which the MAC frame is inserted (S5220). The transmitting
device transmits the generated PHY frame (55240).

[0349] In some embodiments, the transmitting device may
indicate whether the signaling information is transmitted
through the address field. In this case, the transmitting device
may add to the MAC frame or the PHY frame a signaling
indication for indicating whether the signaling information is
transmitted through the address field (S5230). While the step
S5230 for adding the signaling indication has been shown
after the step S220 in FIG. 52, the S5230 may be performed
before the S5210 and/or the step or may be performed at the
same time as the step S5210 and/or the step S5220.
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[0350] Referring to FIG. 53, a receiving device receives a
PHY frame (S5310) and extracts a MAC frame from a data
field of the received PHY frame (S5320). When a signaling
indication indicates that signaling information is transmitted
through an address field, the receiving device extracts the
signaling information from the address field of the MAC
frame (S5340).

[0351] In some embodiments, a transmitting device may
indicate whether the signaling information is transmitted
through the address field. In this case, the receiving device
may identify a signaling indication from the PHY frame or the
MAC frame (S5330). While the step S5330 for identifying the
signaling indication has been shown after the step S320 in
FIG. 53, the S5330 may be performed before the S5320 or
may be performed at the same time as the step S5320.
[0352] A signaling method according to above embodi-
ments of the present invention may be executed by a baseband
processor 10 shown in FIG. 1 to FIG. 3. In one embodiment,
instructions for executing the signaling method according to
above embodiments of the present invention may be stored in
arecording medium such as a memory 40. In another embodi-
ment, at least some of the instructions may be MAC software.
In yet another embodiment, at least some of the instructions
may be transmitted from a recording medium of a certain
server and may be stored in the memory 40.

[0353] While this invention has been described in connec-
tion with what is presently considered to be practical embodi-
ments, it is to be understood that the invention is not limited to
the disclosed embodiments, but, on the contrary, is intended
to cover various modifications and equivalent arrangements
included within the spirit and scope of the appended claims.
Further, two or more embodiments may be combined.

What is claimed is:

1. A signaling method by a device in a wireless local area
network, the method comprising:

including signaling information in an address field;

generating a medium access control (MAC) frame includ-

ing the address field; and

transmitting a physical layer (PHY) frame including a data

field into which the MAC frame is inserted.

2. The method of claim 1, wherein the address field further
includes a compressed address into which an address of the
device or an address of a device destined to receive the MAC
frame is compressed.

3. The method of claim 1, wherein the address field further
includes a plurality of compressed addresses into which
addresses of a plurality of devices destined to receive the
MAC frame are respectively compressed.

4. The method of claim 3, wherein the signaling informa-
tion includes information on a number of the compressed
addressed.

5. The method of claim 3, wherein the signaling informa-
tion includes signaling information dedicated to each of the
plurality of devices.

6. The method of claim 1, wherein all bytes of the address
field are assigned to the signaling information, and
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wherein the signaling information includes information on

basic service set (BSS) to which the device belongs.

7. The method of claim 6, wherein the information on the
BSS includes a BSS color identifier for distinguishing neigh-
boring BSSs.

8. The method of claim 6, wherein the information on the
BSS includes a partial association identifier generated by
some bits of an association identifier of the device and an
identifier of the BSS.

9. The method of claim 1, wherein the PHY frame further
includes an indication for indicating whether the signaling
information is transmitted through the address field.

10. The method of claim 9, wherein the indication is
included in the signaling information.

11. The method of claim 9, wherein the MAC frame further
includes a frame control field, and

wherein the indication is carried by a predefined value of a

subtype field in the frame control field.

12. The method of claim 9, wherein the MAC frame further
includes a frame control field, and

wherein the indication is carried by a predefined bit of the

frame control field.

13. The method of claim 9, wherein the indication is carried
by a predefined bit of the address field.

14. The method of claim 9, wherein the MAC frame further
includes a duration field, and

wherein the indication is carried by a predefined value of

the duration field.

15. The method of claim 9, wherein the data field includes
a service field, and

wherein the indication is carried by a predefined bit of the

8 to 16™ bits in the service field.

16. The method of claim 9, wherein the data field includes
a service field,

wherein initial 7 bits of the service field corresponds to

initial 7 bits of the scrambling sequence, and

wherein the indication is carried by a predefined bit of the

initial 7 bits of the scrambling sequence.

17. The method of claim 16, wherein the predefined bit
includes the 4” or 5™ bit of the initial 7 bits of the scrambling
sequence.

18. A signaling method by a device in a wireless local area
network, the method comprising:

receiving a physical layer (PHY) frame;

extracting a medium access control (MAC) frame from a

data field of the PHY frame; and

extracting signaling information from an address field of

the MAC frame.

19. The method of claim 18, wherein the address field
further includes a compressed address into which an address
of'the device or an address of a device transmitting the MAC
frame is compressed.

20. The method of claim 18, wherein all bytes of the
address field are assigned to the signaling information, and

wherein the signaling information includes information on

basic service set (BSS) to which the device belongs.
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