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[Description of the Invention] 

 

[Title of the Invention] 

METHOD, APPARATUS, AND SYSTEM OF EFFICIENT WIDE BANDWIDTH 

PPDU TRANSMISSIONS IN WIRELESS LANS [in Korean] {METHOD, APPARATUS, AND 

SYSTEM OF EFFICIENT WIDE BANDWIDTH PPDU TRANSMISSIONS IN WIRELESS 

LANS} [in English] 

[Technical Field] 

<1>  The present invention relates to a wireless communication method, and more particularly, 

to a method for efficient wideband PPDU transmission. 

[Background Technology of the Invention] 

<2>  In recent years, as mobile devices have become increasingly popular, wireless LAN 

technologies that can provide fast wireless Internet services to these devices have received a great 

deal of attention. Wireless LAN technology is a technology that enables mobile devices such as 

smartphones, smart pads, laptop computers, portable multimedia players, embedded devices, etc., 

to wirelessly access the Internet in a home or business or in a specific service area based on wireless 

communication technology at a short distance. 

<3>  Since the Institute of Electrical and Electronics Engineers (IEEE) 802.11 supported early 

wireless LAN technologies using the 2.4 GHz frequency, standards for a variety of technologies 

have been put to practical use or under development. First, IEEE 802.11b supports communication 

speeds of up to 11 Mbps while using frequencies in the 2.4 GHz band.  
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IEEE 802.11a, which was commercialized after IEEE 802.11b, uses frequencies in the 5 GHz band 

rather than the 2.4 GHz band, which reduces the impact of interference compared to frequencies in 

the 2.4 GHz band, which is significantly more congested, and uses OFDM technology to increase 

communication speeds up to 54 Mbps. However, IEEE 802.11a has the disadvantage of shorter 

communication distances compared to IEEE 802.11b. And IEEE 802.11g, like IEEE 802.11b, uses 

frequencies in the 2.4 GHz band to realize communication speeds of up to 54 Mbps/day and satisfies 

backward compatibility, so it has received considerable attention, and it has an advantage over IEEE 

802.11a in terms of communication distance as well. 

<4>  IEEE 802.11n is a technical specification designed to overcome the limitations on 

communication speed that have been noted as a weakness in wireless LANs. IEEE 802.11n aims to 

increase the speed and reliability of networks and extend the operating distance of wireless networks. 

More specifically, IEEE 802.11n supports High Throughput (HT) with data rates of up to 540 Mbps 

or more, and is based on Multiple Inputs and Multiple Outputs (MIM0) technology, which uses 

multiple antennas at both the transmitter and receiver ends to minimize transmission errors and 

optimize data rates. The standard can also use a coding scheme that transmits multiple redundant 

copies of the data to increase data reliability. 

<5>  As wireless LANs have become more widespread and the applications utilizing them have 

diversified, a need has arisen for new wireless LAN systems to support higher throughput called 

VHT (Very High Throughput) than the data rates supported by IEEE 802.11n.   
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Of these, IEEE 802.11ac supports a wide bandwidth (80 MHz to 160 MHz) in the 5 GHz frequency. 

Although the IEEE 802.11ac standard is only defined in the 5 GHz band, early 11ac chipsets will 

also support operation in the 2.4 GHz band for backward compatibility with existing 2.4 GHz band 

products. In theory, the standard will allow multi-station wireless LAN speeds of at least 1 Gbps 

and maximum single link speeds of at least 500 Mbps. This is achieved by expanding the wireless 

interface concept adopted by 802.11n, including wider radio frequency bandwidth (up to 160 MHz), 

more MIMO spatial streams (up to 8), multi-user MIMO, and higher-density modulation (up to 256 

QAM). There is also IEEE 802.11ad, which uses the 60 GHz band to transmit data instead of the 

existing 2.4 GHz/5GIIz band. IEEE 802.11ad is a transmission standard that provides speeds of up 

to 7 Gbps using beamforming technology, making it suitable for streaming high-bitrate videos, such 

as large-capacity data or uncompressed HD video, etc. 

<6>  More recently, as a next-generation wireless LAN standard after 802.11ac and 802.11ad, 

discussions continue to be held to provide high-efficiency and high-performance wireless LAN 

communication technology in high-density environments. In other words, in the next-generation 

wireless LAN environment, high-frequency efficient communication must be provided indoors and 

outdoors in the presence of high-density stations and access points (APs), and various technologies 

are required to realize this. 

 [Specifics of the Invention] 
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[Problem to Be Solved by the Invention] 

<7>  It is an object of the present invention to provide high-efficiency/high-performance wireless 

LAN communications in high-density environments as described above. 

[Means to Solve the Problem] 

<8>  According to an embodiment of the present invention, an apparatus, system, and method of 

wireless LAN communication for a wireless LAN can be provided. 

[Effect of the Invention] 

<9>  The present invention relates to a wireless communication method, and more particularly, 

to a method for configuring wireless LAN physical layer header fields that support simultaneous 

multi-user transmission in indoor and outdoor environments. 

[Brief Description of the Drawings] 

<10>  FIG. 1 is a drawing illustrating a wireless LAN system according to one embodiment of the 

present invention. 

FIG. 2 is a drawing illustrating a wireless LAN system according to another embodiment of 

the present invention. 

FIG. 3 is a block diagram illustrating the configuration of a station according to one 

embodiment of the present invention. 

FIG. 4 is a block diagram illustrating the configuration of an access point according to one 

embodiment of the present invention. 

FIG. 5 illustrates the configuration of L-SIG and RL-SIG and the utilization of the 

L_LENGTH field according to an embodiment of the present invention. 

FIG. 6 illustrates a method for indicating a WLAN PPDU format by utilizing the 

L_LENGTH field of the L-SIG and RL-SIG parts along with the HE-SIG-A part, according to an 

embodiment of the present invention. 
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FIG. 7 illustrates the configuration of the HE-SIG-A field, which changes according to the 

PPDU format, in accordance with an embodiment of the present invention. 

FIG. 8 illustrates the configuration of HE-SIG-B according to an embodiment of the present 

invention. 

FIG. 9 illustrates conventional methods for transmitting wideband PPDUs in relation to an 

embodiment of the present invention. 

FIG. 10 illustrates efficient wideband PPDU transmission methods according to an 

embodiment of the present invention. 

FIG. 11 illustrates methods for transmitting a PPDU using one or two RF modules, taking 

as an example the non-contiguous, fixed expansion-based wideband PPDU configuration method 

of FIG. 10(c), according to an embodiment of the present invention. 

FIG. 12 illustrates various sequences in which non-contiguous PPDU transmission is 

applied, according to an embodiment of the present invention. 

FIG. 13 illustrates various sequences in which non-contiguous PPDU transmission is 

applied, according to another embodiment of the present invention. 

FIG. 14 provides a detailed illustration of the frequency filtering process for the wideband 

PPDU transmission method of FIG. 11(a), according to an embodiment of the present invention. 

FIG. 15 provides a detailed illustration of the frequency filtering process for the wideband 

PPDU transmission method of FIG. 11(b). 

FIG. 16 provides a detailed illustration of the frequency filtering process for the wideband 

PPDU transmission method of FIG. 11(c). 
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FIG. 17 illustrates the configuration of HE-SIG-B in an HE MU PPDU transmitted over 80 

MHz, according to an embodiment of the present invention. 

FIG. 18 illustrates the configuration of HE-SIG-B in an HE MU PPDU transmitted using 

Full BW MU-MIMO, according to an embodiment of the present invention. 

FIG. 19 illustrates the configuration of HE-SIG-B when applying a filtering technique that 

additionally filters adjacent RUs when data is not transmitted on a specific channel, according to an 

embodiment of the present invention. 

FIG. 20 illustrates signaling methods for HE-SIG-B in an HE MU PPDU transmitted in a 

non-contiguous manner, according to an embodiment of the present invention. 

FIG. 21 illustrates preamble and data transmission methods when applying a filtering 

technique to avoid data transmission on a specific channel, according to an embodiment of the 

present invention. 

FIG. 22 illustrates methods for configuring HE-SIG-B when transmitting an HE PPDU 

using a Non-Contiguous, Fixed Extension scheme, according to an embodiment of the present 

invention. 

FIG. 23 illustrates a method for configuring HE-SIG-B when transmitting an HE PPDU 

using Non-Contiguous OFDMA between a single AP and a single STA, according to an 

embodiment of the present invention. 

FIG. 24 illustrates methods for configuring HE-SIG-B when transmitting an HE PPDU 

using a Contiguous, Flexible Extension scheme, according to an embodiment of the present 

invention. 
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FIG. 25 illustrates methods for configuring HE-SIG-B when transmitting an HE PPDU 

using a Non-Contiguous, Flexible Extension scheme, according to an embodiment of the present 

invention. 

FIG. 26 illustrates methods for configuring HE-SIG-A and HE-SIG-B when transmitting an 

HE PPDU using a Non-Contiguous, Limited Flexible Extension scheme, according to an 

embodiment of the present invention. 

FIG. 27 illustrates methods for configuring various HE PPDU bandwidths when 

transmitting an HE PPDU using both a Non-Contiguous, Fixed Extension scheme and a Contiguous, 

Flexible Extension scheme, according to an embodiment of the present invention. 

FIG. 28 illustrates methods for configuring various HE PPDU bandwidths when 

transmitting an HE PPDU using a Non-Contiguous, Limited Flexible Extension scheme, according 

to an embodiment of the present invention. 

FIG. 29 illustrates methods for configuring various HE PPDU bandwidths by combining 

multiple configurations generated based on HE PPDU bandwidth composition principles, according 

to an embodiment of the present invention. 

FIG. 30 illustrates the encoding structure and configuration of the HE-SIG-B field 

according to an embodiment of the present invention. 

FIG. 31 illustrates the encoding structure when using HE-SIG-B compression, according to 

an embodiment of the present invention. 
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FIG. 32 illustrates the encoding structure when different MCS values are applied to HE-

SIG-B content channel 1 and HE-SIG-B content channel 2, according to an embodiment of the 

present invention. 

FIG. 33 is a table illustrating the number of bits in the HE-SIG-B User Specific field, the 

number of OFDM symbols, and their variations according to factors such as the number of users, 

MCS index, and DCM usage, according to an embodiment of the present invention. 

FIG. 34 illustrates the encoding structure when different MCS values are applied to HE-

SIG-B content channel 1 and HE-SIG-B content channel 2, according to an embodiment of the 

present invention. 

FIG. 35 illustrates methods for signaling a non-contiguous channel-based PPDU, according 

to an embodiment of the present invention. 

FIG. 36 illustrates a method for signaling a non-contiguous channel-based PPDU using the 

BW subfield of SIG-A, according to an embodiment of the present invention. 

FIG. 37 illustrates methods for signaling a non-contiguous channel-based PPDU using the 

RU allocation subfield of SIG-B, according to an embodiment of the present invention. 

FIG. 38 illustrates a method for signaling a non-contiguous channel-based PPDU using the 

User Specific subfield of SIG-B, according to an embodiment of the present invention. 

FIG. 39 illustrates a method for signaling a specific 26 RU positioned at the center when 

signaling a non-contiguous channel-based PPDU using the User Specific subfield of SIG-B, 

according to an embodiment of the present invention. 
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FIG. 40 illustrates SIG-B transmission over a sub-20 MHz channel in SIG-B-based non-

contiguous PPDU transmission, according to an embodiment of the present invention. 

FIG. 41 illustrates a method for extending the Null AID-based signaling described in FIG. 

38 to indicate unallocated RUs in contiguous channel-based PPDU transmission, according to an 

embodiment of the present invention. 

[Detailed Specifics for Practicing the Invention] 

<11>  The terms used in this specification have been chosen to be as generic as possible in current 

common usage, taking into account their function in the invention, but they may vary according to 

the intent of a person having ordinary skill in the art of this technical field, custom, or emergence 

of new technologies, etc. In addition, in certain cases, terms have been chosen at will by the 

applicant, in which case their meaning will be given in the description of the invention to which 

they relate. It is therefore intended that the terms used in this specification should be construed 

based on the actual meaning of the term and the context of the specification as a whole, and not 

merely as a designation of a term. 

<12>  Throughout the specification, when a configuration is said to be "connected" to another 

configuration, this includes not only being "directly connected" but also being "electrically 

connected" with another constituent element in between. Also, when a configuration is said to 

"include" a particular constituent element, it is meant to be capable of including additional 

constituent elements, not to the exclusion of other constituent elements, unless specifically to the 

contrary. In addition, the limitation of "same or more" or "same or less" with respect to a particular 

threshold may be appropriately substituted with "more than" or "less than", respectively, depending 

on the embodiment. 
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<13>  FIG. 1 illustrates a wireless LAN system according to one embodiment of the present 

invention. A wireless LAN system includes one or more Basic Service Sets (BSS), which represent 

a set of devices that can communicate with each other by successfully synchronizing. Generally, 

BSS can be divided into infrastructure BSS (BSS) and independent BSS (IBSS), and FIG. 1 shows 

infrastructure BSS. 

<14>  As illustrated in FIG. 1, infrastructure BSS (BSS1, BSS2) includes or more stations (STA-

1, STA-2, STA-3, STA-4, STA-5), access point (PCP/AP-1, PCP/AP- 2) that is a station that 

provides a  distribution service (DS), and a distribution system (DS) that connects multiple access 

points (PCP/AP-1, PCP/AP- 2). 

<15>  A station (station, STA) is any device that includes a medium access control (MAC) and a 

physical layer interface to a wireless medium as defined by the IEEE 802.11 standard, and broadly 

includes both non-access point (Non-AP) stations as well as access points (APs). Also, the term 

"terminal" may be used in this specification as a concept that includes both stations and wireless 

LAN communication devices such as APs. A station for wireless communication includes a 

processor and a transceiver, and may further include a user interface portion, a display unit, and the 

like, depending on the embodiment.  
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The processor may generate frames to be transmitted over the wireless network, process frames 

received over the wireless network, and perform various other processing to control the station. The 

transceiver is functionally connected to the processor and transmits and receives frames over the 

wireless network for the station.  

<16>  An access point (AP) is a discrete entity that provides access to a distribution system (DS) 

via a wireless medium for stations associated with it. In principle, communication between non-AP 

stations in an infrastructure is carried out, in principle, via an AP, but direct communication between 

non-AP stations is also possible if a link is established. In this invention, AP is used as a concept 

that includes PCP (Personal BSS Coordination Point), and broadly speaking, it can include all 

concepts of centralized controller, base station (BS), node-B, base transceiver system (BTS), and/or 

site controller, etc. 

<17>  A plurality of infrastructure BSSs may be connected via a distribution system (DS). The 

plurality of BSSs connected via the distribution system may be referred to as an Extended Service 

Set (ESS). 

<18>  FIG. 2 illustrates an independent BSS, which is a wireless LAN system according to another 

embodiment of the present disclosure. In the embodiment of FIG. 2, portions that are identical or 

corresponding to the embodiment of FIG. 1 are intended to omit redundant description. 

<19>  BSS-3 shown in FIG. 2 is an independent BSS and does not include an AP, so none of the 

stations (STA-6, STA-7) are in the state of being connected to an AP. An independent BSS is not 
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allowed to connect to the distribution system and forms a self-contained network. In an independent 

BSS, each station (STA-6, STA-7) can be directly connected to each other. 

<20>  FIG. 3 is a block diagram illustrating the configuration of a station 100 according to one 

embodiment of the present invention. 

<21>  As shown, a station 100 according to an embodiment of the present invention may comprise 

a processor 110, a network interface card (NIC) 120, a user interface portion 140, a display unit 

150, and a memory 160. 

<22>  First, the network interface card 120 is a module for performing wireless LAN connectivity, 

and performs packet transmission and reception for the station 100. The network interface card 120 

may be built into or external to the station 100, and may include at least one network interface card 

module utilizing different frequency bands, depending on the embodiment. For example, the 

network interface card may include network interface card modules of different frequency bands, 

such as 2.4 GHz, 5 GHz, and 60 GHz. According to one embodiment, the station 100 may comprise 

a network interface card module utilizing a frequency band above 6 GHz and a network interface 

card module utilizing a frequency band below 6 GHz. Each network interface card module can 

perform wireless communication with an AP or an external station in accordance with the wireless 

LAN specifications for the frequency band supported by that network interface card module.  
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The network interface card 120 may operate only one network interface card module at a time or 

may operate multiple network interface card modules together simultaneously, depending on the 

performance and requirements of the station 100. When the station 100 includes a plurality of 

network interface card modules, each of the network interface card modules may be provided in a 

standalone form or may be integrated into a single chip. 

<23>  Next, the user interface portion 140 includes various forms of input/output means provided 

in the station 100. That is, the user interface portion 140 can receive user input using various input 

means, and the processor 110 can control the station 100 based on the received user input. Further, 

the user interface portion 140 may utilize various output means to perform outputs based on 

instructions from the processor 110. 

<24>  Next, the display unit 150 outputs an image on a display screen. The display unit 150 may 

output various display objects, such as content executed by the processor 110 or a user interface 

based on control instructions of the processor 110. In addition, the memory 160 stores control 

programs used in the station 100 and various data accordingly. Such control programs may include 

connection programs required for the station 100 to perform connections with APs or external 

stations. 

<25>  The processor 110 of the present invention may execute various instructions or programs, 

and process data within the station 100. The processor 110 may also control each of the units of the 

station 100 described above, and may control data transmission and reception between the units. 
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According to an embodiment of the present invention, the processor 110 may execute a program 

for establishing a connection with an AP stored in the memory 160 and receive a communication 

setup message transmitted by the AP. Further, the processor 110 may read information about a 

priority condition of the station 100 included in the communication setup message, and may request 

access to the AP based on the information about the priority condition of the station 100. Specific 

embodiments of this will be described later. 

<26>  The station 100 illustrated in FIG. 3 is a block diagram according to one embodiment of the 

present invention, wherein the separated blocks represent logically distinct elements of the device. 

Accordingly, the elements of the device described above may be mounted on a single chip or a 

plurality of chips, depending on the design of the device. Furthermore, in an embodiment of the 

present invention, some components of the station 100, such as the user interface portion 140 and 

the display unit 150, may be optionally equipped in the station 100. 

<27>  FIG. 4 is a block diagram illustrating the configuration of an AP 200 according to one 

embodiment of the present disclosure. 

<28>  As shown, an AP 200 according to an embodiment of the present invention may comprise 

a processor 210, a network interface card 220, and a memory 260. With respect to FIG. 4, portions 

of the configuration of the AP 200 that are identical or equivalent to the configuration of the station 

100 of FIG. 3 will be omitted to avoid redundant description. 

<29>  Referring now to FIG. 4, an AP 200 according to the present disclosure comprises a network 
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interface card 220 for operating a BSS in at least one frequency band. As described above in the 

embodiment of FIG. 3, the network interface card of the AP 200 may also a plurality of network 

interface modules utilizing different frequency bands from each other. In other words, the AP 200 

according to an embodiment of the present invention may comprise two or more network interface 

card modules in different frequency bands, such as 2.4 GHz, 5 GHz, and 60 GHz. Preferably, the 

AP 200 may comprise a network interface card module utilizing a frequency band above 6 GHz 

and a network interface card module utilizing a frequency band below 6 GHz. Each network 

interface card module can perform wireless communication with stations in accordance with the 

wireless LAN specifications for the frequency band supported by that network interface card 

module. The network interface card 220 may operate only one network interface card module at a 

time or may operate multiple network interface card modules together simultaneously, depending 

on the performance and requirements of the AP 200. 

<30>  Next, the memory 260 stores control programs used by the AH200) and various data 

associated therewith. These control programs may include an access program that manages access 

to the station. Further, the processor 210 controls each unit of the AP 200 and may control data 

transmission and reception between the units. According to an embodiment of the present invention, 

the processor 210 may execute a program for connecting with a station stored in the memory 260 

and transmit a communication setting message for one or more stations. The communication setup 

message may include information about the access priority conditions of each station. Further, the 

processor 210 performs the connection setting according to the connection request of the station. A 

specific embodiment of this will be described later. 
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<32>  FIG. 5 illustrates the configuration of L-SIG and RL-SIG and the utilization of the 

L_LENGTH field, according to an embodiment of the present invention. 

<33>  FIGS. 5(a)/(b) illustrate the frame formats of 11a/g and 11ax PPDU, respectively, according 

to an embodiment of the present invention. FIG. 5(c) presents the detailed field structure of L-SIG 

and RL-SIG, which are commonly used across the aforementioned PPDU formats. 

<34>  The L-SIG utilizes 64 FFT OFDM (-32 to 0 to 31, a total of 64 subcarriers). In this 

configuration, the leftmost 6 subcarriers (-32 to -27) and the rightmost 5 subcarriers (27 to 31) are 

used as guard carriers, while the central subcarrier (0) is used as a DC carrier. Excluding these 6 + 

5 + 1 = 12 subcarriers, there remain 52 subcarriers, of which 4 subcarriers (-21, -7, 7, 21) are 

allocated as pilot subcarriers, while the remaining 48 subcarriers are used for data transmission. 

When employing BPSK modulation with a coding rate of 1/2 (MCS = BPSK, Rate = 1/2), a total 

of 24 bits of information can be transmitted. The configuration of these 24-bit information fields is 

shown in FIG. 5(c). 

<35>  L_RATE (4 bits) indicates the MCS (Modulation and Coding Scheme) used for data 

transmission, representing one of the transmission rates (6/9/12/18/24/36/48/54 Mbps) derived from 

a combination of modulation schemes (BPSK, QPSK, 16-QAM, 64-QAM) and coding rates (1/2, 

2/3, 3/4). By referring to the L_RATE and L_LENGTH fields, the total length of the PPDU can be 

determined. An 11ax STA always sets the L_RATE field to the minimum transmission rate of 6 

Mbps. 

<36>  L_LENGTH (12 bits), when combined with the L_RATE field, indicates the length of the 

PPDU. The interpretation method of this field differs between legacy nodes and 11ax nodes. 
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<37>  When a legacy STA receives the PPDU, the L_RATE field set to 6 Mbps indicates that 3 

bytes (24 bits) can be transmitted within one 64-FFT OFDM symbol duration of 4us. 

Approximating SVC (16 bits) and Tail (6 bits) as one symbol (24 bits), the PPDU length 

(PPDU_LENGTH) can be calculated as PPDU_LENGTH=RXTIME=TXTI=(1+[L_LENGTH/3]) 

×4+20 (Refer to FIG. 5(d)). In the equation above, the additional 20us accounts for the transmission 

time of L-STF, L-LTF, and L-SIG. The ceil [x] operation represents the smallest integer greater 

than or equal to x. The maximum value of L_LENGTH (12 bits) is 4095, which results in a 

maximum PPDU_LENGTH of 5.484 ms. However, legacy devices based on the 11a/g standard 

may consider an L_LENGTH field greater than 2340 bytes as invalid, since such values were not 

permitted under earlier standards. Considering this limitation, the maximum PPDU_LENGTH is 

effectively reduced to 3.144 ms. 

<38>  When an 11ax STA receives the PPDU, the symbol count based on 64-FFT can be obtained 

by adding 3 bytes (corresponding to SVC/TAIL) to the L_LENGTH field and then dividing by the 

symbol transmission capacity of 3 bytes per symbol. Multiplying the number of symbols by 4 µs 

(time per symbol) and adding 20 µs (corresponding to L-STF, L-LTF, and L-SIG transmission) 

results in the PPDU_LENGTH or RXTIME. RXTIME(us)=[(L_LENGTH+3) /3]×4+20. 

Conversely, an 11ax STA transmitting the PPDU must set as L_LENGTH=[(TXTIME−20)/4]

 )×3−3, where TXTIME represents the total transmission time of the 11ax PPDU (refer to FIG. 

5(d)). 

<39>  In the equations above, for an 11ax STA, the L_LENGTH value is always computed as 

floor(L_LENGTH/3) after reception, meaning that three different L_LENGTH values map to the 

same PPDU_LENGTH. For example, the three values L_LENGTH = {3k+1, 3k+2, 3(k+1)} all 

yield the same result (k+1) when applying floor(L_LENGTH/3). 
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<40>  In an embodiment of the present invention, the three L_LENGTH values are used to indicate 

PPDU_LENGTH while performing additional signaling. Specifically, L_LENGTH values {3k+1, 

3k+2, 3(k+1)} may be used to represent different PPDU Types applied to the 11ax PPDU. 

 

<42>  FIG. 6 illustrates a method for indicating a WLAN PPDU format using the L_LENGTH 

field in the L-SIG and RL-SIG parts, along with the HE-SIG-A part, according to an embodiment 

of the present invention. 

<43>  As mentioned in FIG. 5, three different L_LENGTH values can be used not only to indicate 

PPDU_LENGTH but also to perform additional signaling. 

<44>  First, when L_LENGTH is expressed in the form of 3k+1, the 11ax PPDU can indicate an 

HE SU PPDU, an HE Trigger-based PPDU, or an Extension PPDU, which are exchanged between 

an AP and a single STA. For this purpose, additional signaling is performed using the modulation 

of two symbols in the HE-SIG-A part. If the PPDU is an HE SU PPDU or an HE Trigger-based 

PPDU, both symbols of HE-SIG-A are modulated using BPSK. If the PPDU is an Extension PPDU, 

the two symbols of HE-SIG-A are modulated using BPSK and QBPSK, respectively. The Extension 

PPDU may be used to indicate PPDU formats supported by future standards beyond 11ax or to 

define additional PPDU formats within 11ax.  

<45>  Second, when L_LENGTH is expressed in the form of 3k+2, the 11ax PPDU can indicate 

an HE MU PPDU exchanged between an AP and multiple STAs, or an HE Extended Range (ER) 

SU PPDU or HE ER Trigger-based PPDU exchanged between an AP and an outdoor STA.  
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For this purpose, additional signaling is performed using the modulation of two symbols in the HE-

SIG-A part. If the PPDU is an HE MU PPDU, both symbols of HE-SIG-A are modulated using 

BPSK. If the PPDU is an HE ER SU PPDU or an HE ER Trigger-based UL PPDU, the two symbols 

of HE-SIG-A are modulated using BPSK and QBPSK, respectively. 

<46>  The mapping between L_LENGTH field values and PPDU types, as mentioned above, can 

be modified in order while maintaining the same conceptual meaning. 

 

<48>  FIG. 7 illustrates the configuration of the HE-SIG-A field, which varies depending on the 

PPDU format, according to an embodiment of the present invention. 

<49>  The HE-SIG-A field provides PPDU common information necessary for receiving 11ax 

PPDUs and can be modulated using BPSK (R=1/2) over 64FFT with two symbols. The PPDU 

common information includes parameters such as PPDU Bandwidth, BSS Color, Number_of_HE-

LTF, and SIG-B MCS. 

<50>  For an outdoor STA, the two symbols of HE-SIG-A can be repeated for transmission, and 

this repeated structure is referred to as RHE-SIG-A. The presence or absence of RHE-SIG-A can 

be signaled as described in FIG. 6. 

<51>  Additionally, the HE-SIG-A field has different bit field structures depending on whether 

the PPDU format is HE SU PPDU, HE MU PPDU, or HE Trigger-based PPDU. 
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<52>  As shown in FIG. 7(a), when the PPDU format is HE SU PPDU, the HE-SIG-A field 

includes the following bit fields: 

<53>  DL/UL indicates the transmission direction of the SU PPDU. 

<54>  Format distinguishes whether the PPDU is an HE SU PPDU or an HE Trigger-based PPDU. 

<55>  BSS Color indicates the identifier of the BSS where the PPDU is exchanged. 

<56>  Spatial Reuse conveys SINR Margin, TX Power, and other relevant information that can be 

referenced by STAs intending to perform Spatial Reuse transmission during the transmission of the 

corresponding PPDU. 

<57>  TXOP Duration indicates the TXOP interval that continues after the transmission of the 

PPDU, allowing surrounding STAs to set NAV (Network Allocation Vector) to defer their 

transmissions during that period. 

<58>  Bandwidth specifies the total bandwidth over which the PPDU is transmitted. This value 

can indicate one of 20MHz, 40MHz, 80MHz, or 160MHz (including 80+80MHz). 

<59>  MCS indicates the MCS value applied to the MPDU in the corresponding PPDU. 

<60>  CP+LTF Size represents the combination of the LTF type (1x, 2x, or 4x LTF) used and the 

Cyclic Prefix (CP) values applied to the subsequent A-MPDU transmission. 

<61>  Coding indicates whether BCC or LDPC coding is used and, in the case of LDPC, whether 

an Extra Symbol was transmitted. 

  

25



 

 

 

 

Filed: Mar. 13, 2016 

112-24 

 

 

 

 

<62>  NSTS indicates the Number of Spatial Time Streams (NSTS) transmitted when the PPDU 

is transmitted using SU-MIMO. 

<63>  STBC specifies whether Space Time Block Coding (STBC) was applied. 

<64>  TxBF indicates whether Transmit Beamforming was used. 

<65>  DCM specifies whether Dual Carrier Modulation (DCM) was applied, which transmits the 

same information on two subcarriers to mitigate narrowband interference. 

<66>  Packet Extension indicates the level of Packet Extension applied to the corresponding 

PPDU. 

<67>  Beam Change specifies whether Beam Change was applied after L-LTF and before HE-

LTF in the PPDU. 

<68>  CRC/Tail is used to verify the integrity of the information contained in HE-SIG-A and 

initialize the BCC decoder. 

 

<70>  As shown in FIG. 7(b), in the case of the HE MU PPDU format, HE-SIG-A includes the 

following bit fields. Portions that overlap with the description in FIG. 7(a) may not be separately 

explained. 

<71>  DL/UL indicates the transmission direction of the MU PPDU. While it is currently evident 

that MU PPDU is always set to DL MU and transmitted only in the downlink, exceptions can be 

considered through the following embodiments: 

<72>  First, even in the case of PPDU exchanges between a single AP and STA, HE MU PPDU 
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may be selected if the transmission of the HE-SIG-B field is required, allowing the transmission 

direction of the PPDU to be specified accordingly. 

<73>  This is because, even in the case of PPDU exchanges between a single AP and STA, data 

can be selectively transmitted over specific bands using either Contiguous OFDMA or Non-

contiguous OFDMA. 

<74>  For example, if STA1 performs CCA (Clear Channel Assessment) before transmitting an 

80MHz PPDU to the AP and determines that only the Secondary 20MHz channel is busy, the 

conventional method would require transmission only over the Primary 20MHz.  

<75>  However, with the proposed method, PPDU transmission can be performed over the 

Primary 20MHz and Secondary 40MHz, excluding only the Secondary 20MHz. In this case, 

Resource Allocation Signaling for the corresponding PPDU necessarily requires the HE-SIG-B 

field. 

<76>  In this case, even though STA1 is transmitting a PPDU as a single STA, it can use the HE 

MU PPDU format for transmission and set the DL/UL bit field to UL before transmitting. 

<77>  Further details regarding Non-Contiguous OFDMA will be explained in other figures. 

<78>  In HE MU PPDU, the Bandwidth field can indicate a wider variety of bandwidth options 

compared to the Bandwidth field in HE SU PPDU. 

<79>  This is because, in addition to the conventional 20/40/80/160MHz Contiguous bandwidths, 

additional signaling bits may be required to represent the Non-Contiguous bandwidths as described 

above. 
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<80>  The SIG-B MCS field indicates the MCS used in HE-SIG-B, and SIG-B can employ a 

variable MCS (0 to 5) depending on the amount of information that needs to be signaled. 

<81>  In HE MU PPDU, the CP+LTF Size field signals only the values used in HE SU PPDU, 

excluding the combination of 1x_LTF + 0.8us_CP. 

<82>  The SIG-B Compression field indicates that a compression mode has been applied to reduce 

the amount of information when signaling SIG-B. Specifically, when an HE MU PPDU is 

transmitted as a Full-BW MU-MIMO, frequency-specific resource allocation for each 20MHz sub-

channel becomes unnecessary, thereby allowing SIG-B compression. 

<83>  The details regarding SIG-B Compression are further explained in other figures. 

<84>  The SIG-B Dual MCS field is used when transmitting PPDU of 40MHz or higher, where 

HE-SIG-B may transmit different information in each Primary 20MHz and Secondary 20MHz sub-

channel. In this case, different MCS levels can be applied to each Primary/Secondary 20MHz in 

order to maintain a similar number of HE-SIG-B symbols. The SIG-B Dual MCS field signals the 

MCS levels applied to SIG-B for each 20MHz sub-channel. Additionally, in cases where SIG-B 

Compression is enabled for Full-BW MU-MIMO, the SIG-B Dual MCS field may have a different 

meaning. Specifically, for Full-BW MU-MIMO, since there is no need to distribute information 

across Primary/Secondary 20MHz using different MCS levels, the SIG-B Dual MCS field is instead 

used to indicate the number of STAs participating in MU-MIMO. This reduces the decoding 

complexity of SIG-B in subsequent processing. 
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<85>  The SIG-B DCM field indicates whether DCM (Dual Carrier Modulation) has been applied 

to SIG-B to ensure stable transmission of the SIG-B portion. 

<86>  The Num of SIG-B Sym field indicates the number of symbols used for transmitting SIG-

B. 

 

<88>  As illustrated in FIG. 7(c), when the HE Trigger-based PPDU is used, the HE-SIG-A 

includes the following bit fields. The explanations overlapping with FIGS. 7(a) and 7(b) may not 

be redundantly described. 

<89>  The Format field is used to distinguish whether the PPDU is an HE SU PPDU or an HE 

Trigger-based PPDU. 

<90>  Subsequently, BSS Color, Spatial Reuse, TXOP Duration, and Bandwidth bit fields are 

transmitted. Since the HE Trigger-based PPDU is a UL PPDU that one or more STAs transmit 

simultaneously, the SIG-A field is commonly included in all UL PPDUs, making it difficult to 

include individual STA-specific information. Therefore, only the common information of the PPDU 

can be contained. However, this results in an issue where out of the 52 available bits in the SIG-A 

portion, approximately 20 bits remain unused. Details on how to compensate for this issue are 

further explained in other figures. 

 

<92>  FIG. 8 illustrates the configuration of HE-SIG-B according to an embodiment of the present 

invention. 

<93>  The HE-SIG-B may be present in an HE MU PPDU and contains information necessary for 

receiving a Multi-User PPDU. This information is classified into Common Info and User-Specific 

Info. The detailed configuration of HE-SIG-B is illustrated in FIG. 8(a). The RA (Resource 
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Allocation) information, which contains the OFDMA frequency division allocation information for 

the corresponding bandwidth, is included, along with a CRC/Tail field to ensure integrity. The RA 

field is 8 bits in length and is structured as shown in FIG. 8(b). By analyzing the RA information, 

it is possible to determine how many STA-specific information elements are included. The STA-

specific information is transmitted in pairs along with the CRC/Tail field. If three STA-specific 

information elements are transmitted, the CRC/Tail field is separately appended to the first two 

STA information elements, while the third STA information element has its own CRC/Tail field. 

The Resource Allocation information may include an x-Null indicator, which signifies that a user 

is either not allocated in a particular frequency band or allocated but not transmitting user 

information over the SIG-B transmission channel. The x-Null indicator can have specific 

bandwidth-based indicators such as 242 Null (20MHz/242SC (subcarriers)), 484 Null 

(40MHz/484SC), and 996 Null (80MHz/996SC), or it may have a multi-purpose Null indicator. 

<94>  The STA-specific information is transmitted as a 21-bit field when the STA is an OFDMA 

STA, as illustrated in FIG. 8(c)-1, and when the STA is an MU-MIMO STA, the STA-specific 

information is also conveyed as a 21-bit field, as shown in FIG. 8(c)-2. 

 

<96>  FIG. 9 illustrates conventional methods for transmitting a wideband PPDU, in relation to 

an embodiment of the present invention. 

<97>  FIG. 9(a) illustrates a method of transmitting a Physical Layer Convergence Protocol (PLCP) 

Protocol Data Unit (PPDU) using an 80MHz bandwidth. 
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Initially, after the previous PPDU transmission on the channel is completed, a STA with data to 

transmit checks whether the primary channel is idle during the Arbitrary Inter-Frame Spacing (AIFS) 

period. If the primary channel remains idle during CCA (Clear Channel Assessment), the STA 

decreases the Backoff Window (BW) value by 1 at each idle slot. If the channel becomes busy at 

any CCA slot, the STA stops the CCA process and resumes CCA once the channel becomes idle 

again, starting from the previously paused BW value after AIFS. Once the BW value reaches zero, 

the STA prepares for transmission. Prior to transmission, the STA performs CCA on the intended 

subchannels for a duration equal to the PIFS (Point Coordination Function Inter-Frame Space) to 

determine their availability. FIG. 9(a) illustrates a scenario where CCA detects an ongoing 

transmission on a secondary 20MHz channel, causing the STA to use only the primary 20MHz 

channel for data transmission. In this case, the STA must be capable of Dynamic Bandwidth 

Operation, allowing it to quickly reconfigure the PPDU based on the available channel bandwidth. 

<98>  FIG. 9(c) illustrates a scenario in which, during CCA (Clear Channel Assessment), an 

ongoing transmission is detected on a secondary 20MHz channel, leading the STA to halt its 

transmission attempt. Instead of transmitting on the available primary 20MHz channel, the STA 

continues CCA until the entire 80MHz channel becomes idle. Only then does the STA proceed with 

transmitting an 80MHz PPDU. In this case, the STA is limited to Static Bandwidth Operation, 

meaning it lacks the capability to dynamically reconfigure the PPDU according to the available 

channel bandwidth. 

<99>  As described above, in the existing wideband PPDU transmission methods, when 

communication is actively occurring in the subchannels within an OBSS (Overlapping Basic 

Service Set) environment, issues arise where the transmission PPDU bandwidth is reduced (as 

shown in FIG. 9(a)) or the PPDU transmission is continuously delayed (as shown in FIG. 9(b)). 
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<101> FIG. 10 illustrates efficient wideband PPDU transmission methods according to an 

embodiment of the present invention. 

<102> FIG. 10(a) depicts a Contiguous, Fixed Extension-based wideband PPDU transmission 

method, in which the PPDU always occupies contiguous frequency bands. The bandwidth extension 

follows a fixed expansion sequence, such as 20→40→80→160, restricting flexibility in 

dynamically adapting bandwidth. 

<103> This method is identical to the conventional approach described in FIG. 9 and has the 

drawback of low spectrum utilization efficiency. The CCA (Clear Channel Assessment) process 

only reports the first detected busy channel among the primary 20MHz, secondary 20MHz, 

secondary 40MHz, and secondary 80MHz channels. Since contiguous bandwidth occupation is 

enforced, the bandwidth cannot be extended beyond the first busy channel, making CCA results for 

subsequent channels unnecessary. 

<104> FIG. 10(b) illustrates a Contiguous, Flexible Extension-based wideband PPDU transmission 

method, where the PPDU always occupies contiguous frequency bands but allows flexible 

bandwidth expansion in 20MHz increments, such as 20→40→60→80→100→120→140→160. 

<105> In this method, CCA (Clear Channel Assessment) only reports the first detected busy 

20MHz channel. Since contiguous bandwidth occupation is enforced, bandwidth expansion beyond 

the first busy channel is restricted, making CCA results for subsequent channels unnecessary. 
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<106> FIG. 10(c) illustrates a Non-Contiguous, Fixed Extension-based wideband PPDU 

transmission method, where the PPDU can occupy non-contiguous frequency bands, but bandwidth 

expansion follows a fixed sequence, such as 20→40→80→160. 

<107> In this method, CCA must report all detected busy channels among the primary 20MHz, 

secondary 20MHz, secondary 40MHz, and secondary 80MHz channels. Since non-contiguous 

bandwidth occupation is allowed, CCA results for all sub-channels are required. 

<108> FIG. 10(d) illustrates a Non-Contiguous, Flexible Extension-based wideband PPDU 

transmission method, where the PPDU can occupy non-contiguous frequency bands and allows 

flexible bandwidth expansion in 20MHz increments. 

<109> In this method, CCA (Clear Channel Assessment) must report all detected busy channels in 

20MHz increments. Since non-contiguous bandwidth occupation is allowed, CCA results for all 

secondary 20MHz channels are required. 

<110> FIG. 10(e) illustrates a Non-Contiguous, Limited Flexible Extension-based wideband 

PPDU transmission method, where the PPDU can occupy non-contiguous frequency bands, and 

bandwidth expansion in 20MHz increments is permitted; however, certain core channels, including 

the primary 20MHz, must always be occupied. FIG. 10(e) illustrates a case where the core channel 

is set to the primary 40MHz. 
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<111> CCA must report all detected busy channels in 20MHz increments. Since non-contiguous 

bandwidth occupation is allowed, CCA results for all secondary 20MHz channels are required. 

<112> Comparing the five methods above, 

<113> the method in FIG. 10(b) allows contiguous wideband PPDU transmission; however, it has 

the drawback that if OBSS activity exists in any secondary 20MHz channel, wideband PPDU 

transmission is significantly restricted. 

<114> The method in FIG. 10(c) results in non-contiguous PPDU formation but has the advantage 

that even with OBSS activity in secondary 20MHz and 40MHz channels, wideband PPDU 

transmission up to 160MHz is still possible. However, this method only allows one instance of non-

contiguous frequency allocation within the 160MHz bandwidth. 

<115> The method in FIG. 10(d) offers the highest multi-channel utilization, but it comes with a 

high CCA burden, and in some cases, wideband PPDU transmission may extend across multiple 

non-contiguous frequency bands, which can be a disadvantage. 

<116> In FIGS. 10(c) and 10(d), when a secondary 20MHz channel is detected as busy, the PPDU 

configuration can adapt to exclude that channel while considering other available frequency bands. 

However, in such cases, the signaling overhead of HE-SIG-B may become concentrated on the 

primary 20MHz channel, which is a potential drawback. 
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<117> The method in FIG. 10(e) exhibits similar performance to that in FIG. 10(d); however, when 

the core channels are set as a primary 40MHz band, it has the advantage of eliminating the signaling 

burden on HE-SIG-B. 

 

<119> FIG. 11 illustrates methods for transmitting a PPDU using one or two RF modules based on 

the non-contiguous, fixed extension-based wideband PPDU configuration method exemplified in 

FIG. 10(c), according to an embodiment of the present invention. 

<120> The methods depicted in FIG. 11 can be applied to all wideband PPDU configuration 

methods proposed in FIG. 10. 

<121> FIG. 11(a) illustrates a method in which a transmitter equipped with a single RF module 

supporting up to 160MHz transmits a 160MHz PPDU. If, based on the CCA result, the secondary 

40MHz channel is determined to be busy, the wideband PPDU is transmitted using only one RF 

module over the idle primary 40MHz (a combination of primary 20MHz and secondary 20MHz) 

and the secondary 80MHz. In this case, the PPDU is an HE MU PPDU, in which data intended for 

multiple receiving STAs is configured using OFDMA. If the CCA result indicates that the 

secondary 40MHz channel is busy, the data allocated to STAs assigned to that channel is 

immediately deferred, and the corresponding channel becomes a filtered channel where no data is 

transmitted. 

<122> This method is much easier to implement than the Dynamic PPDU reconstruction method 

described in FIG. 9(a). In FIG. 9(a), Dynamic PPDU reconstruction requires modifying the 

wideband PPDU into a narrowband PPDU immediately before transmission based on CCA results. 

Since the PPDU must be dynamically reconstructed, the PPDU length must also be adjusted to fit 

the allocated TXOP duration, making implementation highly complex. 
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<123> However, the Dynamic PPDU reconstruction method in FIG. 11(a) is relatively simpler to 

implement because the OFDMA-based PPDU is preconfigured, and only the RUs allocated to busy 

channels are filtered out, while the remaining RUs are transmitted. 

<124> In this case, the overall PPDU configuration follows the spectral mask of a 160MHz channel, 

and no data is transmitted in channels determined to be busy via filtering. However, signals 

transmitted in the primary 40MHz channel do not adhere to the 40MHz spectral mask, meaning that 

RUs transmitted in sections adjacent to the filtered secondary 40MHz channel could potentially 

interfere with OBSS signals present in the secondary 40MHz channel. To minimize this interference, 

adjacent RUs may be additionally filtered before transmission. 

 

<126> FIG. 11(b) illustrates a method in which a transmitter equipped with a single RF module 

supporting up to 160MHz transmits a 160MHz PPDU, wherein, if the CCA result indicates that the 

secondary 40MHz channel is busy, the wideband PPDU is transmitted using only one RF module 

over the idle primary 40MHz (a combination of primary 20MHz and secondary 20MHz) and 

secondary 80MHz. In this case, the PPDU is an HE MU PPDU, in which data intended for multiple 

receiving STAs is configured using OFDMA. If the CCA result shows that the secondary 40MHz 

channel is busy, the data allocated to the STAs assigned to that channel is immediately deferred, 

and the corresponding channel is designated as a filtered channel, where no data transmission occurs. 
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<127> Here, the overall PPDU configuration follows the spectral mask of an 80MHz channel, and 

no data is transmitted in channels determined to be busy via filtering. However, signals transmitted 

in the primary 20MHz channel do not adhere to the 20MHz spectral mask, meaning that RUs 

transmitted in sections adjacent to the filtered secondary 20MHz channel may interfere with OBSS 

signals present in the secondary 20MHz channel. To minimize this interference, the adjacent RUs 

may be additionally filtered before transmission. 

 

<129> FIG. 11(c) illustrates a method for transmitting a wideband PPDU when the transmitter is 

equipped with two RF modules, supports up to 80+80MHz, and intends to transmit an 80+80MHz 

PPDU, wherein, if the CCA result indicates that the secondary 40MHz channel is busy, the 

wideband PPDU is transmitted using both RF modules over the idle primary 40MHz (combination 

of primary 20MHz + secondary 20MHz) and secondary 80MHz. In this case, the PPDU is an HE 

MU PPDU, constructed using OFDMA, targeting multiple receiving STAs. Based on the CCA 

result for the secondary 40MHz channel, data allocated to the corresponding receiving STAs is 

deferred. The first RF module transmits a PPDU over the primary 40MHz channel, which adheres 

to the 40MHz spectral mask. Simultaneously, the second RF module transmits a PPDU over the 

secondary 80MHz channel, which adheres to the 80MHz spectral mask. Since this configuration 

ensures that no interference is introduced into the secondary 40MHz channel, there is no need to 

filter the transmission of adjacent RUs. 

 

<131> FIG. 11(d) illustrates a method for transmitting a wideband PPDU when the transmitter is 

equipped with two RF modules, supports 80+80MHz, and intends to transmit an 80+80MHz PPDU, 

wherein, if the CCA result indicates that the secondary 20MHz channel and the secondary 80MHz 

channel are busy, the wideband PPDU is transmitted using only one RF module over the idle 
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primary 20MHz + secondary 40MHz. In this case, the second RF module does not need to be 

activated, and the operation of the first RF module is the same as described in FIG. 11(b). 

Additionally, since the original first RF module adheres to the 80MHz spectral mask, the PPDU 

transmitted by the first RF module also maintains a filtered structure, where the secondary 20MHz 

channel portion is filtered within the 80MHz spectral mask. 

 

<133> FIG. 12 illustrates various sequences in which Non-contiguous PPDU transmission is 

applied according to an embodiment of the present invention. 

<134> FIG. 12(a) depicts a sequence where, prior to DL MU transmission, the AP performs CCA, 

detects that the secondary 20MHz channel is busy, and then transmits an MU-RTS over the primary 

20MHz and secondary 40MHz. Subsequently, the AP receives Simultaneous CTS responses from 

each STA over the corresponding bands and proceeds with the DL MU PPDU transmission. In this 

case, the MU-RTS must explicitly specify the bandwidth information, enabling the receiving STAs 

to transmit CTS responses over the primary 20MHz and secondary 40MHz bands. 

<135> FIG. 12(b) illustrates a sequence in which, prior to DL MU transmission, the AP performs 

CCA and detects that the primary 80MHz channel is idle, thereby transmitting an MU-RTS over 

the primary 80MHz band. However, upon receiving Simultaneous CTS responses from the STAs, 

the AP fails to receive a signal from the secondary 20MHz band. As a result, the DL MU PPDU is 

transmitted over the primary 20MHz and secondary 40MHz bands. In this case, both the MU-RTS 

and DL MU PPDU must explicitly indicate their respective bandwidths, with the MU-RTS 

specifying a primary 80MHz bandwidth, while the DL MU PPDU specifies a primary 20MHz and 

secondary 40MHz bandwidth. The bandwidth information can be explicitly signaled either through 

the BW field in the HE-SIG-A field, as described in FIG. 7, or through the RA field in HE-SIG-B, 

as described in FIG. 8. 
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<136> FIG. 12(c) illustrates a sequence in which, for UL MU transmission, the AP performs CCA 

and detects that the secondary 20MHz channel is busy. Consequently, the AP signals the Trigger 

frame over the primary 20MHz and secondary 40MHz bands, and subsequently, each STA transmits 

an UL MU PPDU within these designated bands. In this scenario, the Trigger frame must specify 

the bandwidth information to ensure that the receiving STAs transmit UL MU PPDUs within the 

primary 20MHz and secondary 40MHz bands. Furthermore, no transmitting STAs should be 

allocated within the secondary 20MHz band due to its busy status. 

<137> FIG. 12(d) illustrates a sequence in which, for UL MU transmission, the AP performs CCA 

and detects that the primary 80MHz channel is idle, wherein, the AP transmits a Trigger frame over 

the primary 80MHz band, and subsequently, each STA transmits an UL MU PPDU within the 

assigned bands. This illustrates a situation where one or more STAs, having been allocated an UL 

RU in the secondary 20MHz channel upon receiving the Trigger, do not use the secondary 20MHz 

channel due to detecting that the channel is busy or because a NAV has been set. 

 

<139> FIG. 13 illustrates various sequences in which non-contiguous PPDU transmission is 

applied according to another embodiment of the present invention. 

<140> FIG. 13(a) illustrates a sequence in which, prior to DL MU transmission, the AP performs 

a CCA, detects that the lower 20MHz portion of the secondary 40MHz channel is busy, transmits 

an MU-RTS over the primary 40MHz and secondary 40AMHz, and subsequently receives 

simultaneous CTS responses from the respective STAs over the designated bands before 

transmitting the DL MU PPDU.  
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In this case, the MU-RTS must specify BW information to ensure that the receiving STAs can send 

CTS over the primary 40MHz and secondary 40AMHz. However, this also depicts a situation where 

one or more STAs instructed to send CTS over the secondary 40AMHz detect that the channel is 

busy or that a NAV has been set, thereby refraining from transmitting CTS in the secondary 

40AMHz. The AP then compares the bandwidth over which the MU-RTS was transmitted and the 

bandwidth over which the CTS responses were received, ensuring that the DL MU PPDU is 

transmitted only in the common bandwidth. 

<141> FIG. 13(b) illustrates a sequence in which, prior to DL MU transmission, the AP performs 

a CCA, detects that the primary 80MHz channel is idle, transmits an MU-RTS over the primary 

80MHz, and subsequently receives simultaneous CTS responses from the STAs. However, when 

the CTS responses are received, no signal is received from the secondary 40AMHz channel, leading 

the AP to transmit the DL MU PPDU over the primary 40MHz and secondary 40BMHz instead. In 

this case, the MU-RTS and the DL MU PPDU must each specify BW information for the primary 

80MHz and the primary 40MHz + secondary 40BMHz, respectively. The BW information can be 

explicitly signaled through the BW field in the HE-SIG-A, as described in FIG. 7, or through the 

RA field in the HE-SIG-B, as described in FIG. 8. 

<142> FIG. 13(c) illustrates a sequence in which, for UL MU transmission, the AP performs a 

CCA, detects that the secondary 20MHz channel is busy, transmits a Trigger signaling the primary 

40MHz and secondary 40AMHz, and subsequently receives UL MU PPDU from the respective 

STAs over the designated bands. In this case, the Trigger must specify BW information to ensure 

that the receiving STAs can transmit UL MU PPDU over the primary 40MHz and secondary 

40AMHz.  
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Additionally, no transmitting STAs should be allocated within the secondary 20MHz channel. This 

also depicts a situation where one or more STAs instructed to transmit UL PPDU over the secondary 

20MHz detect that the channel is busy or that a NAV has been set, thereby refraining from 

transmitting UL PPDU over the secondary 20MHz. In this case, the AP receives UL MU PPDU 

over the same or a narrower bandwidth than the bandwidth over which the Trigger was transmitted. 

<143> FIG. 13(d) illustrates a sequence in which, for UL MU transmission, the AP performs a 

CCA, detects that the primary 80MHz channel is idle, transmits a Trigger over the primary 80MHz, 

and subsequently receives UL MU PPDU from the respective STAs over the designated bands. 

However, this also depicts a situation where one or more STAs that were allocated UL resources in 

the secondary 20MHz channel detect that the channel is busy or that a NAV has been set, thereby 

refraining from using the secondary 20MHz channel. 

 

<145> FIG. 14 provides a detailed illustration of the frequency filtering aspects of the wideband 

PPDU transmission method described in FIG. 11(a) according to an embodiment of the present 

invention. 

<146> FIG. 11(a) illustrates a scenario where a transmitter equipped with a single RF module, 

capable of supporting 160MHz, detects through CCA that the secondary 40MHz channel is busy 

and subsequently transmits a wideband PPDU using only one RF module over the idle primary 

40MHz (a combination of primary 20MHz and secondary 20MHz) and secondary 80MHz. As 

described in FIG. 11(a), while filtering the secondary 40MHz channel, it is also possible to apply 

additional filtering to adjacent resource units (RUs) within the primary 20MHz channel. 
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Initially, the centrally located 26RB within the primary 80MHz band is prioritized for filtering. 

Furthermore, if the additional adjacent transmission is likely to interfere with the OBSS 

transmission occurring within the secondary 40MHz, further filtering may be applied. The decision 

regarding additional RU filtering may be based on various factors, including the transmission power 

of the transmitting STA, the maximum transmission power allowed for each frequency band, and 

the received signal strength of the OBSS transmission. 

 

<148> FIG. 15 illustrates in detail the frequency filtering aspect of the method for transmitting a 

wideband PPDU as described in FIG. 11(b) according to an embodiment of the present invention. 

<149> FIG. 11(b) illustrates a case where a transmitter equipped with a single RF module, 

supporting 160MHz, detects through CCA that the secondary 40MHz channel is busy and transmits 

a wideband PPDU using only one RF module over the idle primary 40MHz (a combination of 

primary 20MHz and secondary 20MHz) and secondary 80MHz. In this case, as described in FIG. 

11(b), while filtering the secondary 40MHz channel, it is also possible to further filter adjacent 

resource units (RUs) in the primary 20MHz channel. Thus, in the primary 20MHz channel, 

narrowband RUs can be allocated in the adjacent region of the secondary 20MHz channel to 

minimize resource wastage. 

 

<151> FIG. 16 illustrates the frequency filtering process in the transmission of a wideband PPDU 

according to the method depicted in FIG. 11(c). 

<152> FIG. 11(c) illustrates a scenario where a transmitter equipped with two RF modules supports 

80+80MHz transmission, wherein, if the CCA result indicates that the secondary 40MHz channel 

is busy, the wideband PPDU is transmitted using two RF modules over the idle primary 40MHz (a 

combination of primary 20MHz and secondary 20MHz) and secondary 80MHz.  
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In this case, as described in FIG. 11(c), the secondary 40MHz channel is filtered out. However, 

since transmission in the primary 40MHz channel follows the 40MHz spectral mask, additional 

filtering for adjacent RUs in the primary 40MHz channel is not required. Nevertheless, in this case, 

half of the centrally allocated 26RB within the primary 80MHz band must also be filtered. The 

signaling of this 26RB can be delivered through HE-SIG-B, as described in FIG. 17. However, as 

the RU is not used, the signaling information is not transmitted. 

 

<154> FIG. 17 illustrates the configuration of HE-SIG-B in an HE MU PPDU transmitted over an 

80MHz bandwidth according to an embodiment of the present invention. 

<155> As shown in FIG. 17(a), when an 80MHz PPDU is transmitted, the L-STF, L-LTF, L-SIG, 

RL-SIG, and HE-SIG-A fields contain the same information, which is transmitted in the first 

20MHz (‘A’ band) and identically repeated across the second (‘B’ band), third (‘C’ band), and 

fourth (‘D’ band) 20MHz bands. In contrast, for HE-SIG-B, the information transmitted in the first 

20MHz and the second 20MHz may differ, whereas the information transmitted in the first 20MHz 

and third 20MHz, as well as in the second 20MHz and fourth 20MHz, remains identical. In this 

case, the HE-SIG-B information transmitted in each 20MHz band must contain the information 

necessary for the STAs receiving the MPDUs in that respective 20MHz band.  

<156> Consequently, a receiving STA must simultaneously decode the HE-SIG-B transmitted over 

at least the first 20MHz and the second 20MHz bands to quickly determine whether its STA-specific 

information is included. 
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<158> FIG. 17(b) illustrates the detailed configuration of HE-SIG-B(A, C) transmitted in the 1st 

20MHz (A) and 3rd 20MHz (C) bands. The RA_A || RA_C information, which contains OFDMA 

frequency division allocation details for each A and C 20MHz band, is transmitted along with an 

additional CRC/Tail field for integrity verification. Each RA field is composed of 8 bits, structured 

as shown in FIG. 8(b). By analyzing this RA information, the number of STA-specific information 

elements included can be determined, and the STA-specific information is grouped in pairs, with 

each pair appended with a CRC/Tail. FIG. 17(b) depicts a case where an even number of STAs are 

allocated in both the A and C bands. In this scenario, the STA-specific information allocated to the 

A band (A1 to An) is grouped into pairs, each pair being appended with a CRC/Tail, and similarly, 

the STA-specific information allocated to the C band (C1 to Cn) is grouped into pairs, each pair 

appended with a CRC/Tail. 

<159> Additionally, FIG. 17(b) also illustrates the detailed configuration of HE-SIG-B(B, D) 

transmitted in the 2nd 20MHz (B) and 4th 20MHz (D) bands. The detailed structure follows the 

same principles as HE-SIG-B(A, C). 

 

<161> When transmitting an 80MHz OFDMA PPDU, as shown in FIG. 17(a), a 26RB (Resource 

Block) consisting of 26 subcarriers is positioned in the center frequency region. Since this 26RB 

resource cannot be clearly assigned to either the A, C bands or the B, D bands, it can be signaled in 

at least one or both of HE-SIG-B(A, C) and HE-SIG-B(B, D), as shown in FIG. 9(b). 
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In the present invention, based on the RA_A and RA_C, as well as RA_B and RA_D information, 

a method is proposed in which the signaling always takes place in a predetermined HE-SIG-B 

channel, specifically the 1st 20MHz channel when both exist. This approach ensures that when 

interpreting the RA information, a specific channel among the 1st or 2nd channels is always used 

when necessary. For example, as illustrated in FIG. 17(c), the signaling of the 26RB can always be 

positioned at the very end of the second channel. This placement assists reception in 

implementations where the two HE-SIG-B channels are decoded in parallel. Specifically, in 

receiver implementations that buffer both channels and then sequentially decode them, as shown in 

FIG. 17(c), there are two possible scenarios: either the central 26RB information is present or it is 

absent. Placing this information at the very end improves reception efficiency by helping the 

receiver handle both cases more effectively. 

 

<163> FIG. 18 illustrates the configuration of HE-SIG-B in an HE MU PPDU transmitted as Full 

BW MU-MIMO according to an embodiment of the present invention. 

<164> As shown in FIG. 18(a), when transmitted as Full BW MU-MIMO in an 80MHz bandwidth, 

the frequency RA (Resource Allocation) information in HE-SIG-B is omitted since it is not required. 

Instead, the information for STAs receiving MU-MIMO across the entire bandwidth is divided and 

transmitted in the 1st 20MHz and 2nd 20MHz. Furthermore, the information transmitted in the 1st 

20MHz and 3rd 20MHz, as well as in the 2nd 20MHz and 4th 20MHz, remains identical. In this 

case, the receiving STA must simultaneously decode HE-SIG-B received in at least the 1st 20MHz 

and 2nd 20MHz to quickly determine whether its STA-specific information is included. 
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<166> FIG. 18(b) illustrates a method, according to an embodiment of the present invention, in 

which the information in the SIG-B Dual MCS field of HE-SIG-A is reinterpreted as the number n 

of total STAs receiving the Full BW MU-MIMO PPDU. The original SIG-B Dual MCS field is 

used to indicate the MCS applied to the second channel when different MCS values are used for the 

1st and 2nd HE-SIG-B channels. However, in the case of Full BW MU-MIMO, both 1/2 channels 

distribute user information evenly, eliminating the need for different MCS values. Therefore, as 

described in FIG. 8, when the SIG-B Compression mode is enabled in HE-SIG-A for Full BW MU-

MIMO, the SIG-B Dual MCS field is repurposed to signal the number of receiving STAs in Full 

BW MU-MIMO. 

 

<168> FIG. 18(c) illustrates the detailed configuration of HE-SIG-B(A_1), which is transmitted in 

the 1st 20MHz (A) and 3rd 20MHz (C) bands, and HE-SIG-B(A_2), which is transmitted in the 2nd 

20MHz (B) and 4th 20MHz (D) bands. Based on the information of #_of_STA(n) included in HE-

SIG-A, the number of STA-specific information fields included in each HE-SIG-B channel is 

determined by evenly dividing n. For example, if n is an even number, the STA-specific information 

is uniformly distributed as n/2 per HE-SIG-B channel, whereas if n is an odd number, one additional 

STA-specific information field is included in HE-SIG-B(A_1). 
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<170> FIG. 19 illustrates the configuration of HE-SIG-B when, according to an embodiment of 

the present invention, a filtering technique is applied to exclude a specific channel from data 

transmission while additionally filtering adjacent RUs.  

<171> When transmitting an 80MHz PPDU, if the secondary 20MHz channel is busy, it is 

excluded, and while filtering the secondary 20MHz channel, adjacent RUs in the primary 20MHz 

channel (e.g., RU allocated to STA_An) are also additionally filtered. The resulting HE-SIG-B 

configuration in this case is shown in FIG. 19(b). 

<172> At this time, the Common Info for the remaining A, C, and D bands is transmitted, followed 

by the STA information. If An RU is filtered and the corresponding STA information is deleted, it 

may cause confusion in receiving the subsequent STA information. To address this issue, a Null 

STA ID is inserted in the STA information field corresponding to RU An to indicate that the 

respective band has been filtered. The Null STA ID may either specify a particular STA ID or insert 

an STA ID that has not been assigned to any STA within the given BSS. 

 

<174> FIG. 20 illustrates signaling methods of HE-SIG-B in a non-contiguous HE MU PPDU 

transmission according to an embodiment of the present invention. 

<175> In the signaling method of HE-SIG-B described in FIG. 17, for non-contiguous transmission, 

the RA field of HE-SIG-B may indicate the filtered channel by marking the Null field of RA as 

defined in FIG. 8(b), thereby signaling that data is not transmitted on the respective channel. 
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<176> In this case, the Null information may either include bandwidth information of the nullified 

channel (e.g., 242, 484, 996) or be general Null information without specifying bandwidth. If the 

Null information includes bandwidth information, it can be determined whether the signaling of the 

26RB has been additionally removed due to the non-contiguous transmission. 

<177> As shown in FIG. 20(a), when S40A (C-band) is busy and does not transmit, the 1st and 

2nd HE-SIG-B channels are signaled as illustrated in FIG. 20(b). In this case, by signaling the 242 

Null in the 1st HE-SIG-B, the receiving STA can recognize that only the S40A band within the S40 

band of the PPDU is nullified, which further indicates that the central 26RB is transmitted. Through 

this, it can be understood that additional central 26RB-related information is included in the 

predesignated 26RB transmission channel, specifically in the 1st HE-SIG-B. 

<178> Additionally, as shown in FIG. 20(c), when S40 (C and D bands) is busy and no 

transmission occurs, the 1st and 2nd HE-SIG-B channels signal accordingly, as illustrated in FIG. 

20(d). In this case, since 484 Null is signaled in both the 1st and 2nd HE-SIG-B, the receiving STA 

can recognize that the entire S40 band of the PPDU has been nullified, which further indicates that 

the central 26RB is also not transmitted. Through this, it can be identified that the central 26RB-

related information is not transmitted in the 1st HE-SIG-B, which was pre-designated as the 26RB 

transmission channel. 

 

<180> FIG. 21 illustrates methods for transmitting preambles and data when applying a filtering 

technique that prevents data transmission in specific channels, according to an embodiment of the 

present invention. 
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<181> FIG. 21(a) illustrates a case where an 80MHz PPDU is transmitted while the S40B (D-band) 

channel is busy, resulting in no data transmission in that channel. 

<182> As shown above, when the CCA detects a busy channel, no signal is transmitted in that 

channel, including not only the data portion but also the preamble, spanning from the L-Part to the 

HE-STF/LTF. 

<183> This has the advantage of avoiding interference with ongoing OBSS signals in the affected 

channel. Additionally, in wideband PPDU transmission, the transmission power is distributed 

across the entire bandwidth, causing the per-channel transmission power to be lower compared to 

narrowband PPDU transmission. However, as shown in FIG. 21(a), by not transmitting in a specific 

channel, the transmission power is redistributed across the remaining channels, improving the 

PPDU reception rate. 

<184> However, this approach may present the following issues. First, if the S20MHz channel is 

busy, the signaling burden of HE-SIG-B may concentrate on the P20MHz channel. However, this 

issue can be mitigated by using the PPDU configuration method described in FIG. 10(e). Second, 

since HE-STF exhibits a repeating pattern in the time domain when transmitted across the entire 

80MHz bandwidth, if it is not transmitted in the busy channel(s), it becomes difficult to maintain 

the expected time-domain repetition pattern when received over the entire bandwidth. 

<185> To address these issues, as shown in FIG. 20(b), while the data portion is not transmitted in 

busy channels, the preamble portion may still be transmitted. FIG. 21(b) illustrates a case where a 

160MHz PPDU is transmitted while the S40 (C and D bands), S80A (E band), S80B (F band), and 

S80D (H band) channels are busy, resulting in no data transmission in those channels.  
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In this case, the preamble portion, including the L-Part and HE-STF/LTF, is still transmitted in the 

busy channels to resolve the issues discussed in FIG. 20(a). However, in this case, there is a 

disadvantage that the transmission of the preamble portion may interfere with signals already being 

transmitted in OBSS. Nevertheless, in wideband PPDU transmission, since the transmission power 

is distributed across the entire bandwidth, the level of interference to OBSS may not be significant. 

<186> Furthermore, to minimize the issues described in FIGS. 21(a) and 21(b), as shown in FIG. 

21(c), the HE-STF/LTF (or only HE-STF), which is most critical for reception in the preamble 

portion, may be transmitted across the entire bandwidth even in busy channels. In this approach, 

transmissions of portions that do not require full-band reception, such as the L-Part, HE-SIG-A/B, 

and data sections, are restricted, while only the HE-STF/LTF portion, which requires full-band 

reception, is transmitted. This method minimizes interference with signals already being transmitted 

in OBSS while ensuring that the necessary preamble components are received properly. 

 

<188> FIG. 22 illustrates methods for configuring HE-SIG-B when transmitting an HE PPDU 

using a Non-Contiguous, Fixed Extension scheme according to an embodiment of the present 

invention. 

<189> FIG. 22(a) depicts a scenario where an HE MU PPDU is transmitted over the entire 80MHz 

bandwidth while excluding the Secondary 20MHz band, utilizing only the Primary 20MHz and 

Secondary 40MHz channels. In this case, the BW bit field in HE-SIG-A signals the bandwidth in 

the form of P20+S40, and HE-SIG-B, which contains the information for (A, C, D) bands, is 

repeatedly transmitted over each available 20MHz channel. This approach reallocates the role of 

HE-SIG-B in the Secondary 20MHz band to the Primary 20MHz channel since the Secondary 

20MHz channel is unavailable. 
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<190> FIG. 22(b) illustrates a scenario where an HE MU PPDU is transmitted over the entire 

160MHz bandwidth while excluding the Secondary 20MHz band, utilizing only the Primary 

20MHz, Secondary 40MHz, and Secondary 80MHz channels. In this case, the BW bit field in HE-

SIG-A signals the bandwidth in the form of P20+S40+S80, and HE-SIG-B (A, C, D, E, F, G, H), 

containing information for the (A, C, D, E, F, G, H) bands, is repeatedly transmitted over each 

available 20MHz channel. This approach reallocates the role of HE-SIG-B in the Secondary 20MHz 

band to the Primary 20MHz channel since the Secondary 20MHz channel is unavailable. 

<191> FIG. 22(c) illustrates a scenario where an HE MU PPDU is transmitted over the entire 

160MHz bandwidth while excluding both the Secondary 20MHz and Secondary 40MHz bands, 

utilizing only the Primary 20MHz and Secondary 80MHz channels. In this case, the BW bit field 

in HE-SIG-A signals the bandwidth in the form of P20+S80, and HE-SIG-B, containing information 

for the (A, E, F, G, H) bands, is repeatedly transmitted over each available 20MHz channel. This 

approach reallocates the role of HE-SIG-B in the Secondary 20MHz band to the Primary 20MHz 

channel since the Secondary 20MHz channel is unavailable. 

<192> FIG. 22(d) illustrates a scenario where an HE MU PPDU is transmitted over the entire 

160MHz bandwidth while excluding the Secondary 40MHz band, utilizing only the Primary 

40MHz and Secondary 80MHz channels. In this case, the BW bit field in HE-SIG-A signals the 

bandwidth in the form of P40+S80, and HE-SIG-B contains information for the (A, E, G) bands 

and the (B, F, H) bands separately. These are transmitted alternately as HE-SIG-B (A, E, G) and 

HE-SIG-B (B, F, H) over each Primary 20MHz channel, each Secondary 20MHz channel, and every 

subsequent 20MHz channel in an alternating manner.  
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Unlike FIGS. 17(a), (b), and (c), in this case, the Secondary 20MHz channel is available, so the role 

of HE-SIG-B is not reallocated to the Primary 20MHz channel. 

<193> Such variable configurations of HE-SIG-B can all be recognized through the BW field in 

HE-SIG-A. In this case, the BW field in HE-SIG-A signals one of the following configurations: 

P20, P40, P80, P160 (80+80), P20+S40, P20+S40+S80, P20+S80, or P40+S80. 

 

<195> FIG. 23 illustrates a method for configuring HE-SIG-B when transmitting an HE PPDU 

using Non-Contiguous OFDMA between a single AP and a single STA according to an embodiment 

of the present invention. 

<196> FIG. 23(a) shows a scenario where the STA transmits an HE MU PPDU over the entire 

80MHz bandwidth while excluding the Secondary 20MHz band, utilizing only the Primary 20MHz 

and Secondary 40MHz channels. In this case, since the HE-SIG-A field defined for conventional 

HE SU PPDU transmission is not suitable for signaling Non-Contiguous PPDU transmission, the 

transmission follows the HE MU PPDU format to include HE-SIG-B. The BW bit field in HE-SIG-

A signals the bandwidth in the form of P20+S40, and HE-SIG-B carries HE-SIG-B (SU Info), which 

contains the SU Data information for the (A, C, D) bands, repeating this information over each 

available 20MHz channel. 

<197> Since the BW configuration of 20+40 has already been signaled in HE-SIG-A, the Common 

Info portion of HE-SIG-B is no longer necessary. Additionally, only a single SU Info portion of the 

STA-specific part of HE-SIG-B is required. Accordingly, HE-SIG-A must indicate that HE-SIG-B 

is in a Compression mode where Common Info is omitted. 
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Such variable configurations of HE-SIG-B can be recognized through the BW field and the SIG-B 

Compression field in HE-SIG-A. In this case, the BW field in HE-SIG-A signals one of the 

following configurations: P20, P40, P80, P160 (80+80), P20+S40, P20+S40+S80, P20+S80, or 

P40+S80. Meanwhile, the SIG-B Compression field signals the Single STA HE MU transmission. 

 

<199> FIG. 24 illustrates a method for configuring HE-SIG-B when transmitting an HE PPDU 

using the Contiguous, Flexible Extension approach according to an embodiment of the present 

invention. 

<200> FIG. 24(a) depicts a scenario where an HE MU PPDU is transmitted over the entire 80MHz 

bandwidth while excluding the Secondary 40A MHz band, utilizing only the Primary 20MHz and 

Secondary 40B MHz channels. In this case, the BW bit field in HE-SIG-A signals the bandwidth in 

the form of P60, and HE-SIG-B includes HE-SIG-B(A) carrying information for the (A) band and 

HE-SIG-B(B, D) carrying information for the (B, D) bands, alternating their transmission across 

each 20MHz channel. 

<201> FIG. 24(b) depicts a scenario where an HE MU PPDU is transmitted over the entire 

160MHz bandwidth while utilizing the Primary 80MHz and Secondary 80A MHz channels. In this 

case, the BW bit field in HE-SIG-A signals the bandwidth in the form of P100, and HE-SIG-B 

includes HE-SIG-B(A, C, E), which contains information for the (A, C, E) bands, and HE-SIG-B(B, 

D), which contains information for the (B, D) bands, alternating their transmission across each 

20MHz channel. 
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<202> FIG. 24(c) illustrates a scenario in which an HE MU PPDU is transmitted over the entire 

160MHz bandwidth while utilizing the Primary 80MHz, Secondary 80A MHz, and Secondary 80B 

MHz channels. In this case, the BW bit field in HE-SIG-A signals the bandwidth in the form of 

P120, and HE-SIG-B includes HE-SIG-B(A, C, E), which contains information for the (A, C, E) 

bands, and HE-SIG-B(B, D, F), which contains information for the (B, D, F) bands, alternating their 

transmission across each 20MHz channel. 

<203> FIG. 24(d) illustrates a scenario in which an HE MU PPDU is transmitted over the entire 

160MHz bandwidth while utilizing the Primary 80MHz, Secondary 80A MHz, Secondary 80B 

MHz, and Secondary 80C MHz channels. In this case, the BW bit field in HE-SIG-A signals the 

bandwidth in the form of P140, and HE-SIG-B includes HE-SIG-B(A, C, E, G), which contains 

information for the (A, C, E, G) bands, and HE-SIG-B(B, D, F), which contains information for the 

(B, D, F) bands, alternating their transmission across each 20MHz channel. 

<204> The variable configurations of HE-SIG-B as described above can all be recognized through 

the BW field in HE-SIG-A. In this case, the BW field in HE-SIG-A signals one of P20, P40, P80, 

P160 (80+80), P60, P100, P120, or P140. 

 

<206> FIG. 25 illustrates a method for configuring HE-SIG-B when transmitting an HE PPDU 

structured using the Non-Contiguous, Flexible Extension approach according to an embodiment of 

the present invention. 

<207> FIG. 25(a) depicts a scenario where an HE MU PPDU is transmitted over the entire 160MHz 

bandwidth, utilizing only the Primary 20MHz and Secondary 40AMHz channels.  
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In this case, the BW bit field of HE-SIG-A signals all the utilized 20MHz channels in a bitmap 

format as shown in FIG. 21(e), and HE-SIG-B (A, C), HE-SIG-B containing information for the (A, 

C) bands, is repeatedly transmitted in an alternating pattern across each 20MHz channel. 

<208> FIG. 25(b) illustrates the transmission of an HE MU PPDU over the entire 160MHz 

bandwidth while using only the Primary 20MHz and Secondary 40BMHz channels. Here, the BW 

bit field of HE-SIG-A signals all the utilized 20MHz channels in a bitmap format as shown in FIG. 

21(e), and HE-SIG-B (A, D), HE-SIG-B containing information for the (A, D) bands, is transmitted 

in an alternating pattern across each 20MHz channel. 

<209> FIG. 25(c) shows an HE MU PPDU transmission over the entire 160MHz bandwidth while 

utilizing the Primary 20MHz, Secondary 40AMHz, and Secondary 80AMHz channels. In this case, 

the BW bit field of HE-SIG-A signals all the utilized 20MHz channels in a bitmap format as shown 

in FIG. 21(e), and HE-SIG-B (A, C, E), HE-SIG-B containing information for the (A, C, E) bands, 

is transmitted in an alternating pattern across each 20MHz channel. 

<210> FIG. 25(d) illustrates the transmission of an HE MU PPDU over the entire 160MHz 

bandwidth while utilizing only the Primary 20MHz, Secondary 40AMHz, and Secondary 80BMHz 

channels. In this case, the BW bit field of HE-SIG-A signals all the utilized 20MHz channels in a 

bitmap format as shown in FIG. 21(e), and HE-SIG-B (A, C, F), HE-SIG-B containing information 

for the (A, C, F) bands, is transmitted in an alternating pattern across each 20MHz channel. 

<211> The variable configuration of HE-SIG-B, as described above, can be recognized through 

the BW bitmap field of HE-SIG-A. In this case, the BW bitmap field of HE-SIG-A signals the 

possible combinations of S20, S40A, S40B, S80A, S80B, S80C, and S80D. 
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<213> FIG. 26 illustrates a method for configuring HE-SIG-A and HE-SIG-B when transmitting 

an HE PPDU using the Non-Contiguous, Limited Flexible Extension scheme according to an 

embodiment of the present invention. 

<214> In the Limited Flexible Extension scheme, specific frequency bands that must always be 

transmitted, including the Primary 20MHz band, are designated as Core Channels. In this FIG., the 

Core Channels are defined as the Primary 40MHz, which consists of the Primary 20MHz combined 

with the Secondary 20MHz. However, since these Core Channels are designated to prevent an 

excessive signaling burden on HE-SIG-B, they may be modified if the signaling burden of HE-SIG-

B is not significantly increased. 

<215> FIG. 26(a) illustrates a case where an HE MU PPDU is transmitted over a total bandwidth 

of 160MHz while using only the Primary 40MHz and the Secondary 40AMHz channels. In this 

case, the BW bit field of HE-SIG-A signals 160MHz, and the 1st HE-SIG-B carries information for 

the (A, C) bands as HE-SIG-B(A, C, 996Null, 996Null), while the 2nd HE-SIG-B carries 

information for the (B) band as HE-SIG-B(B, 242Null, 996Null, 996Null). These HE-SIG-Bs are 

transmitted alternately across available 20MHz channels. 

<216> FIG. 26(b) illustrates a case where an HE MU PPDU is transmitted over a total bandwidth 

of 160MHz while using only the Primary 40MHz and the Secondary 40BMHz channels. In this 

case, the BW bit field of HE-SIG-A signals 160MHz, and the 1st HE-SIG-B carries information for 

the (A) band as HE-SIG-B(A, 242Null, 996Null, 996Null),  
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while the 2nd HE-SIG-B carries information for the (B, D) bands as HE-SIG-B(B, D, 996Null, 

996Null). These HE-SIG-Bs are transmitted alternately across available 20MHz channels. 

<217> FIG. 26(c) illustrates a case where an HE MU PPDU is transmitted over a total bandwidth 

of 160MHz while using only the Primary 20MHz channel. In this case, the BW bit field of HE-SIG-

A signals 160MHz, and the 1st HE-SIG-B carries information for the (A) band as HE-SIG-B(A, 

242Null, 996Null, 996Null). Since the signaling burden on HE-SIG-B does not increase in this 

scenario, PPDU transmission is possible without occupying the core channels. 

<218> FIG. 26(d) illustrates a case where an HE MU PPDU is transmitted over a total bandwidth 

of 160MHz while using only the Primary 40MHz, Secondary 40AMHz, and Secondary 80BMHz 

channels. In this case, the BW bit field of HE-SIG-A signals 160MHz, and the 1st HE-SIG-B carries 

information for the (A, C) bands as HE-SIG-B(A, C, 242Null, 484Null), while the 2nd HE-SIG-B 

carries information for the (B, F) bands as HE-SIG-B(B, 242N, F, 484Null). These HE-SIG-Bs are 

transmitted alternately across available 20MHz channels. 

 

<220> FIG. 27 illustrates, according to an embodiment of the present invention, a method for 

configuring various HE PPDU bandwidth configurations when transmitting a PPDU using both a 

Non-Contiguous, Fixed Extension approach and a Contiguous, Flexible Extension approach.  

<221> FIG. 27(a) shows all of the PPDU bandwidth options supported by the Non-Contiguous, 

Fixed Extension method, including the four PPDU BW options of conventional 11ac and the four 

new PPDU BW options presented in FIG. 17. 

 

 

 

57



 

 

 

 

Filed: Mar. 13, 2016 

112-56 

 

 

 

 

<222> P160, P80, P20+P40, P20+S40+S80, P20, P20+S80, P40, and P40+S80, totaling eight 

options, can be represented. To signal these configurations, the BW field in HE-SIG-A consists of 

3 bits. 

<223> FIG. 27(b) includes the four existing PPDU BW options of 11ac and the four new PPDU 

BW options described in FIG. 24, representing all PPDU BW options supported in the Contiguous, 

Flexible Extension method. 

<224> P160, P80+S80A+S80B+S80C, P80+S80A+S80B, P80+S80A, P80, P20+S40, P20+S40B, 

P40+S40B, P40+S40B+S80A, P40+S40B+S80A+S80B, P40+S40B+S80A+S80B+S80C, 

P40+S40B+S80, P20, P40, P40+S80A, P40+S80A+S80B, P40+S80A+S80B+S80C, and P40+S80, 

totaling 18 options, can be represented. To signal these configurations, the BW field in HE-SIG-A 

consists of 5 bits. 

<225> Additionally, the method in FIG. 27(a) has the disadvantage that, as shown in FIG. 22, for 

PPDU BW configurations where transmission does not occur in the secondary 20MHz channel, the 

signaling burden of HE-SIG-B is increased on the primary 20MHz channel. To offset this, PPDU 

options that do not use the secondary 20MHz channel can be excluded from the BW options in FIG. 

27(a). In this case, a total of five options, P160, P80, P20, P40, and P40+S80, can be represented. 

To signal these configurations, the BW field in HE-SIG-A consists of 3 bits. 

<226> Additionally, the method in FIG. 27(b) has the disadvantage that, as shown in FIG. 24, for 

PPDU BW configurations where transmission does not occur in the secondary 20MHz channel, the 

signaling burden of HE-SIG-B is increased on the primary 20MHz channel.  
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To offset this, PPDU options that do not use the secondary 20MHz channel can be excluded from 

the BW options in FIG. 27(b). In this case, a total of 16 options, P160, P80+S80A+S80B+S80C, 

P80+S80A+S80B, P80+S80A, P80, P40+S40B, P40+S40B+S80A, P40+S40B+S80A+S80B, 

P40+S40B+S80A+S80B+S80C, P40+S40B+S80, P20, P40, P40+S80A, P40+S80A+S80B, 

P40+S80A+S80B+S80C, and P40+S80, can be represented. To signal these configurations, the BW 

field in HE-SIG-A consists of 4 bits. 

 

<228> FIG. 28 illustrates a method for configuring various HE PPDU BWs when transmitting a 

PPDU using the Non-Contiguous, Limited Flexible Extension method according to an embodiment 

of the present invention. 

<229> FIG. 28(a) illustrates the PPDU BW options that can be represented using HE-SIG-B Null 

signaling, as described in FIGS. 10 and 26, in a PPDU with BW = 80MHz. 

<230> FIG. 28(b) illustrates the PPDU BW options that can be represented using HE-SIG-B Null 

signaling, as described in FIGS. 10 and 26, in a PPDU with BW = 160MHz. In this case, the portion 

corresponding to P80MHz (denoted as Variable) may include the PPDU configurations shown in 

FIG. 28(a). However, in the case of the last option in FIG. 28(a), which transmits only P20, it is 

appropriate to combine it only with configurations that do not increase the HE-SIG-B signaling 

burden in FIG. 28(b) (e.g., S80A, S80C, S80A+S80C). In other cases, combinations with options 

that maintain core channels without increasing the HE-SIG-B signaling burden are possible. 

  

59



 

 

 

 

Filed: Mar. 13, 2016 

112-58 

 

 

 

 

<231> In FIG. 28, the presence or absence of the central 26RB in each 80MHz segment depends 

on the selected PPDU BW option. This can be signaled and recognized according to the method 

described in FIG. 20. However, since the PPDU BW options are diverse and calculating the 

presence or absence of the central 26RB for each case may be complex, it can be explicitly signaled 

through HE-SIG-A or other fields. 

 

<233> FIG. 29 illustrates a method of combining various HE PPDU BWs by integrating the 

combinations generated based on the principles of HE PPDU BW configuration according to an 

embodiment of the present invention. 

<234> FIG. 29(a) illustrates a combination that mixes the method of FIG. 27(a) with the method 

of FIG. 27(b). In this case, by excluding the overlapping combinations from both methods and 

adding P20+S40+S80 and P20+S80 from FIG. 27(a) to FIG. 27(b), a total of 20 options can be 

represented in FIG. 29(a). To signal this, the BW field in HE-SIG-A is configured with a total of 5 

bits. 

<235> As illustrated in FIG. 29(b), the various BW options generated through the wideband PPDU 

configuration principles proposed in FIG. 10 may be subject to omission based on additional 

conditions such as the mandatory inclusion of a secondary 20MHz channel for HE-SIG-B, CCA 

requirements, and the allowable maximum number of non-contiguous bandwidths. 

<236> Additionally, the various BW options generated by the wideband PPDU configuration 

principles may be implemented as combined BW options through arbitrary combination principles. 

In this case, the aforementioned additional conditions may be applied after the combination process 

to eliminate certain BW options. 
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<238> FIG. 30 illustrates the encoding structure and composition of the HE-SIG-B field according 

to an embodiment of the present invention. 

<239> The HE MU PPDU includes the HE-SIG-B field in its preamble, and the HE-SIG-B field 

contains the necessary information for interpreting the HE MU PPDU. FIG. 30(a) depicts the 

encoding structure of the HE-SIG-B field according to an embodiment of the present invention. 

Referring to FIG. 30(a), the HE-SIG-B field is divided into Common and User-specific blocks. 

Additionally, the common block and user-specific blocks are separated in the bit domain and 

encoded based on 20 MHz units. The Common field contains information necessary for all receiving 

stations to decode the PPDU, including RU allocation, which provides details on RU arrangement 

and the number of users in MU-MIMO. The User-specific field contains information specific to 

each receiving station that is not included in the common field. The user-specific fields are arranged 

in the order of users assigned based on the RU allocation information in the common field. User-

specific information includes STAID; NSTS (Number of Spatial Streams), TxBF (Transmit 

Beamforming), MCS (Modulation and Coding Scheme), DCM (Dual Sub-Carrier Modulation), and 

Coding (Use of LDPC) for a single user assigned to an RU; If multiple users are assigned to an RU, 

the user-specific field includes Spatial Configuration Fields, MCS, DCM, and Coding.  
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The Common field forms a single BCC block, while the user-specific field forms a BCC block for 

every two users, and the last block may consist of a single BCC block for one user. Each BCC block 

includes CRC and Tail bits. Additionally, at the end of the HE-SIG-B field, padding is appended 

according to the OFDM symbol boundary. 

<240> FIG. 30(b) illustrates the structure of the HE-SIG-B field when utilizing a bandwidth of 40 

MHz or greater according to an embodiment of the present invention. Referring to FIG. 30(b), the 

HE-SIG-B field may be composed of two content channels (HE-SIG-B content channel 1 and HE-

SIG-B content channel 2) in units of 20 MHz. In the FIG., each rectangle represents a 20 MHz sub-

band, and the numbers 1 and 2 respectively contain different information. In 40 MHz, 80 MHz, and 

160 MHz bandwidths, the HE-SIG-B field follows a repeating pattern of 1 and 2, as shown in the 

FIG. Each 20 MHz HE-SIG-B field includes both common and user-specific fields for the RU 

utilizing the respective 20 MHz band. Since HE-SIG-B can contain up to two different content types 

within each 20 MHz band, decoding these two HE-SIG-B content channels allows the reception of 

complete MU PPDU configuration information for the entire bandwidth. 

 

<242> FIG. 31 illustrates the encoding structure when HE-SIG-B compression is used according 

to an embodiment of the present invention. 

<243> Referring to FIG. 31, in order to reduce the overhead of HE-SIG-B, the Common block of 

HE-SIG-B mentioned in FIG. 30 may be omitted, and this omission can be indicated by a subfield 

in HE-SIG-A. For example, if HE-SIG-A indicates compression, the Common block of HE-SIG-B 

is omitted, and instead of the missing Common block RU allocation information, it can be 

predetermined that the system will operate in full BW MIMO mode. 
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In such cases, when transmitting a PPDU with a bandwidth greater than 20 MHz, the HE-SIG-B 

content channels become two, and the per-user information in the User-specific field can be split 

equitably between HE-SIG-B content channel 1 and HE-SIG-B content channel 2. As one 

embodiment, the per-user information for ceiling (k/2) users may be placed in HE-SIG-B content 

channel 1, while the remaining users’ per-user information may be placed in HE-SIG-B content 

channel 2. If the total number of users, k, is an odd number, HE-SIG-B content channel 1 will 

contain one more per-user information entry than HE-SIG-B content channel 2. 

 

<245> FIG. 32 illustrates the encoding structure when different MCS values are used for HE-SIG-

B content channel 1 and HE-SIG-B content channel 2 according to an embodiment of the present 

invention. 

<246> According to an embodiment of the present invention, the MCS of the HE-SIG-B field is 

not fixed but can be adjusted to reduce the overhead of HE-SIG-B. For example, a higher MCS 

index can be used within the range where the receiver can correctly decode HE-SIG-B. Additionally, 

the acknowledgment history of transmitted frames can be referenced for MCS determination. 

<247> Referring to FIG. 32, different MCS values may be used for HE-SIG-B content channel 1 

and HE-SIG-B content channel 2. The structure and content of each HE-SIG-B can be referenced 

from FIG. 30. When using HE-SIG-B compression mode, the Common block, which signals the 

number of per-user information entries included in HE-SIG-B content channels 1 and 2, is omitted, 

so the per-user information can be evenly split between HE-SIG-B content channel 1 and HE-SIG-

B content channel 2, as described in FIG. 31. 
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However, if, as in the embodiment of FIG. 31, ceiling (k/2) per-user information entries out of a 

total of k users are included in HE-SIG-B content channel 1, and, as shown in FIG. 32, different 

MCS values are applied to each HE-SIG-B content channel while using a lower MCS for HE-SIG-

B content channel 1, a situation may arise where the total number of OFDM symbols for HE-SIG-

B becomes larger compared to when one additional per-user information entry is included in HE-

SIG-B content channel 2. 

 

<249> FIG. 33 is a table illustrating the number of bits in the HE-SIG-B User-Specific field and 

the required number of OFDM symbols according to the number of users, MCS index, and whether 

DCM is used, according to an embodiment of the present invention. 

<250> Referring to FIG. 33, each per-user information entry may require 21 bits, and considering 

the CRC and tail bits included every two per-user entries, the total number of bits required for 1 to 

8 per-user entries may be 31, 52, 83, 104, 135, 156, 187, and 208, respectively. FIG. 33 also shows 

the number of coded bits required per per-user information entry and the corresponding number of 

required OFDM symbols depending on the MCS index and whether DCM is used. For example, 

referring to FIGS. 32 and 33, in a case where HE-SIG-B compression mode is used, MCS 0 is used 

for HE-SIG-B content channel 1 without DCM, MCS 3 is used for HE-SIG-B content channel 2 

without DCM, and the total number of users is 5, HE-SIG-B content channel 1 and 2 would 

respectively contain 3 and 2 per-user information entries. In this case, the required number of 

OFDM symbols for HE-SIG-B content channel 1 and content channel 2 would be 4 and 1, 

respectively, resulting in a total of 4 OFDM symbols required for HE-SIG-B. 
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If, instead, HE-SIG-B content channel 1 and 2 had included 2 and 3 per-user information entries, 

respectively, then the required number of OFDM symbols for HE-SIG-B content channel 1 and 

content channel 2 would be 2 and 1, respectively, resulting in a total of 2 OFDM symbols required 

for HE-SIG-B. That is, when the total number of users is odd, if HE-SIG-B content channel 1 

contains one additional per-user information entry, the total number of OFDM symbols required for 

transmitting HE-SIG-B increases. 

<251> Furthermore, according to an embodiment of the present invention, regardless of whether 

the HE-SIG-B compression mode is used, if increasing the MCS does not reduce the number of 

OFDM symbols, only the lowest MCS may be used within the range where the number of OFDM 

symbols does not increase, to achieve more robust transmission. For example, referring to FIG. 33, 

when three per-user information entries need to be represented in one HE-SIG-B content channel 

without using DCM, using MCS 2 does not reduce the number of OFDM symbols compared to 

using MCS 1, and using MCS 4 or MCS 5 does not reduce the number of OFDM symbols compared 

to using MCS 3. Therefore, MCS 1, 4, and 5 may not be used. Although FIG. 33 provides an 

example showing the number of bits and OFDM symbols required for per-user information, the 

present invention is not limited thereto. The same principle may be applied even when HE-SIG-B 

compression is not used and the Common block is included in HE-SIG-B. In other words, if using 

a higher MCS does not reduce the number of OFDM symbols, a higher MCS may not be used. 
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<253> Furthermore, according to an embodiment of the present invention, regardless of whether 

the HE-SIG-B compression mode is used, DCM may be employed if its use does not increase the 

number of OFDM symbols, thereby enabling more robust transmission. For example, when using 

MCS 3 and representing one or two per-user information entries in a single HE-SIG-B content 

channel, the required number of OFDM symbols remains the same at one, regardless of whether 

DCM is used. In such a case, DCM may be utilized for more robust transmission. Although the 

figures provide examples showing the number of bits and OFDM symbols required for per-user 

information, the present invention is not limited thereto. The same principle may be applied even 

when HE-SIG-B compression is not used and the Common block is included in HE-SIG-B. In other 

words, if using DCM does not increase the number of OFDM symbols, DCM may be employed. 

<254> Furthermore, according to an embodiment of the present invention, when using the HE-

SIG-B compression mode, it is possible to implicitly signal the number of users in the HE MU 

PPDU via HE-SIG-A. When HE-SIG-B compression mode is not used, the RU allocation is 

indicated in the Common block of HE-SIG-B, allowing the number of users to be determined. 

However, when using HE-SIG-B compression mode, the Common block of HE-SIG-B is omitted, 

making it necessary to indicate the number of users. Since HE-SIG-A explicitly signals the MCS, 

number of symbols, and DCM usage for HE-SIG-B, the number of users can be implicitly 

determined based on this information. In one embodiment, referring to FIG. 33, given the explicitly 

signaled MCS, number of symbols, and DCM usage, the minimum possible number of users can be 

determined. For example, if HE-SIG-B does not use DCM, uses MCS 0, and has four symbols, 

referring to FIG. 33, the possible number of users is 3 or 4, and it may be predetermined to use 3. 
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In another embodiment, referring to FIG. 33, given the explicitly signaled MCS, number of symbols, 

and DCM usage, the maximum possible number of users can be determined. For example, if HE-

SIG-B does not use DCM, uses MCS 0, and has four symbols, referring to FIG. 33, the possible 

number of users is 3 or 4, and it may be predetermined to use 4. Particularly, when HE-SIG-B uses 

DCM and MCS 0, the number of users can be determined exactly based on the number of symbols. 

Additionally, if it is difficult for the HE MU PPDU transmitter to match the number of users 

determined by the two implicit signaling methods mentioned above, dummy information may be 

inserted into some of the Per User information fields of HE-SIG-B. For example, the Per User 

information of an unused AID may be inserted, or the Per User information of an already-present 

AID may be duplicated. By implicitly signaling the number of users in HE-SIG-A as described in 

the present invention, if HE-SIG-A contains a dedicated user count field, this field may be 

repurposed for other uses or reserved for future use. 

<255> Furthermore, according to an embodiment of the present invention, since the combination 

of HE-SIG-B MCS, number of symbols, and DCM usage in the HE-SIG-A field is limited, if the 

receiver decodes HE-SIG-A and an impossible combination of HE-SIG-B MCS, number of symbols, 

and DCM usage appears, it can be determined that an error occurred in the transmission of HE-SIG-

A. For example, referring to FIG. 33, when using the HE-SIG-B compression mode, if the MCS of 

HE-SIG-B is 0 and DCM is not used, the possible number of symbols is 2, 4, 6, 8, etc. However, if 

the receiver decodes HE-SIG-A and finds that it indicates HE-SIG-B with MCS 0, no DCM, and 5 

symbols, it can be determined that an error has occurred. Although the case of using HE-SIG-B 
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compression mode is provided as an example, the present invention is not limited thereto and can 

also be applied when HE-SIG-B compression mode is not used. In this case, the Bandwidth field of 

HE-SIG-A may also be referenced in making the determination. When HE-SIG-B compression 

mode is not used, the HE-SIG-B Common block exists, so the number of bits or symbols may differ 

from those in FIG. 33, and the number of users may exceed 8, but the same principle can be applied. 

 

<257> FIG. 34 is a diagram illustrating an encoding structure when different MCS values are used 

for HE-SIG-B content channel 1 and HE-SIG-B content channel 2 according to an embodiment of 

the present invention. 

<258> Referring to FIG. 34, in an embodiment to address the issue mentioned in FIGS. 32 and 33, 

where the total number of users is an odd number, causing an odd number of Per User information 

entries to be included in HE-SIG-B content channel 1 and thereby increasing the total number of 

OFDM symbols required for HE-SIG-B, it is possible to allocate the Per User information of 

ceiling(k/2) users among the total k users to the HE-SIG-B content channel that employs a high 

MCS, while including the remaining Per User information in the HE-SIG-B content channel that 

uses a low MCS. If the total number of users can be signaled through HE-SIG-A, the number of Per 

User information entries included in each HE-SIG-B content channel can be determined according 

to the MCS signaling for each HE-SIG-B content channel. 

<259> In another embodiment, among the total k users, ceiling(k/2) Per User information entries 

are included in HE-SIG-B content channel 1, while the remaining Per User information entries are 

included in HE-SIG-B content channel 2. In this case, if different MCS values are applied to each 

HE-SIG-B content channel, it is possible to apply a higher MCS to HE-SIG-B content channel 1 
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and a lower MCS to HE-SIG-B content channel 2. 

<260> In yet another embodiment, HE-SIG-B compression and the application of different MCS 

values to the two HE-SIG-B content channels may not be performed together. 

 

<262> FIG. 35 illustrates methods for signaling a non-contiguous channel-based PPDU according 

to an embodiment of the present invention. 

<263> As shown in the FIG., an AP intending to transmit an 80MHz DL OFDMA PPDU performs 

multi-channel CCA, and if the lower 20MHz band of the S40MHz channel is determined to be busy, 

it nulls the data tones of that channel (i.e., no signal transmission) while transmitting only the tones 

of the other available channels. The FIG. presents methods for signaling this scenario. 

<264> First, the BW subfield of HE-SIG-A can be used to explicitly indicate the non-contiguous 

channel bandwidth of the entire PPDU. In the illustrated case, the BW subfield transmits the index 

corresponding to P40+S40A. 

<265> Second, the newly defined 242 Null, 484 Null, and 996 Null (or a single Null) indicators 

can be used in the RU allocation subfield at the front of HE-SIG-B to signal that the corresponding 

RUs (Resource Units) are null (i.e., no signal transmission). 

<266> Third, a newly defined Null STA ID indicator in the STAID field within the User-specific 

subfield located at the rear of HE-SIG-C can be used to signal that no STA is assigned to receive 

information in the corresponding RU. 
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<267> These three methods are discussed in more detail in other figures of the present invention. 

 

<269> FIG. 36 illustrates a method for signaling a non-contiguous channel-based PPDU through 

the BW subfield of SIG-A according to an embodiment of the present invention. 

<270> As described in FIG. 35, the BW subfield of HE-SIG-A explicitly indicates the channels 

over which the entire PPDU is transmitted. In the example of the PPDU shown in the FIG., it is 

signaled as P40+S40A. 

<271> At this time, in addition to the existing contiguous channel-based PPDU BW options of 

20/40/80/160, the BW subfield must also include newly defined BW options according to the non-

contiguous channel aggregation technique defined in the present invention. 

<272> At this time, it should be noted that, for example, in the case of a PPDU configuration 

transmitted only in P20, there can be both a contiguous P20 PPDU and a non-contiguous P20 PPDU. 

A contiguous P20 refers to a PPDU that is initially designed to be transmitted solely within the P20 

bandwidth, considering only that bandwidth from the beginning. 

<273> A non-contiguous P20, on the other hand, refers to a case where multi-channel CCA is 

performed to transmit a PPDU such as P80, P160, or P80+S80, and after the CCA results indicate 

that all secondary channels are busy, those channels are nulled, and transmission occurs only in the 

P20 channel. 

  

70



 

 

 

 

Filed: Mar. 13, 2016 

112-69 

 

 

 

 

<274> The above two cases share the common characteristic that the actual data is transmitted in 

the P20 channel. However, since the transmitted data tones, DC tone positions, and configurations 

differ, it is essential to indicate them separately through distinct signaling. 

 

<276> FIG. 37 illustrates methods for signaling non-contiguous channel-based PPDU through the 

RU allocation subfield of SIG-B according to an embodiment of the present invention.  

<277> This method signals the nulling status of subchannels through the RU allocation subfield of 

HE-SIG-B in the scenario described in FIG. 35. 

<278> In this case, the BW subfield of HE-SIG-A indicates only the BW of the entire PPDU 

originally configured by the AP, thereby specifying the overall data tone and DC tone configuration 

and positioning. 

<279> The RU allocation subfield of HE-SIG-B is positioned at the beginning of SIG-B and 

specifies, in at least 20MHz units, how the frequency RUs are divided within the channel and the 

number of STAs allocated to each RU. At this point, newly defined indices such as 242 Null, 484 

Null, 996 Null, or simply Null can be added to the RU allocation index to signal that the 

corresponding area is nullified and that data tones are not transmitted. 

<280> In a DL MU PPDU format, the HE-SIG-B is transmitted in parallel with separate 

information over the P20 channel and the S20 channel. The signaling methods under these 

circumstances are as follows: 

<281> First, as shown in FIG. 37, when the lower 20MHz of the S40MHz channel is nullified, the 

second RA (RU Allocation) field of the SIG-B for S20, which transmits signaling for the B and D 

channels, can indicate “242 Null,” while the second RA of P20 SIG-B can indicate “242 (Non-

Null).”  
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In this case, each SIG-B channel performs independent and explicit signaling, enabling individual 

signaling of the Null/Non-Null configuration per 20MHz unit. 

<282> Second, in the same example, the second RA field of S20 SIG-B, which transmits signaling 

for the B and D channels, may indicate "484 Null" instead of "242 Null," while the second RA of 

P20 SIG-B may indicate "242 (Non-Null)." In this case, the 484 Null in S20 SIG-B performs Null 

signaling over a broader area than the original Null. However, the appropriate interpretation of the 

RA field in P20 SIG-B allows the identification of Non-Null channels. 

<283> Third, in the same example, the second RA field of S20 SIG-B, which transmits signaling 

for the B and D channels, may indicate "Null" instead of a Null value that includes BW information 

such as 242/484/996, while the second RA of P20 SIG-B may indicate "242 (Non-Null)." In this 

case, the Null in S20 SIG-B implicitly indicates a bandwidth of only 242 (20MHz). Subsequently, 

the appropriate interpretation of the RA field in P20 SIG-B allows the identification of Non-Null 

channels. 

<284> As described above, when using the RU allocation field of SIG-B to signal the null regions 

of a non-contiguous channel-based PPDU, it becomes evident to receiving STAs that the User 

Specific information corresponding to those RUs is not transmitted at all, as illustrated in the FIG. 

 

<286> FIG. 38 illustrates a method of signaling a non-contiguous channel-based PPDU through 

the User Specific subfield of SIG-B according to an embodiment of the present invention. 
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<287> In the scenario of FIG. 35, this method signals that specific data tones have been nulled 

using the AID subfield within the User Specific subfield of HE-SIG-B. 

<288> First, in this case, the BW subfield of HE-SIG-A indicates only the BW of the entire PPDU 

originally configured by the AP, thereby specifying the overall configuration and location of data 

tones and DC tones. 

<289> Additionally, the RU allocation subfield of HE-SIG-B signals "242 (Non-Null) 1STA" for 

the corresponding subchannel. This indicates that a single STA is assigned to a 242RU and that one 

User Specific subfield will be transmitted subsequently for this STA. 

<290> The number of User Specific subfields within HE-SIG-B is determined based on the RU 

allocation subfield, which specifies the assigned RUs and the number of STAs per RU. 

<291> At this time, a Null AID is inserted into the AID field of the User Specific subfield that 

indicates the STA ID. The Null AID may be an unassigned AID that is available within the BSS 

but has not yet been allocated to any STA, a reserved AID that has been designated as unused, or 

an arbitrarily defined specific AID value. 

<292> Through this mechanism, no STA will recognize the corresponding RU as an RU it should 

receive, thereby ensuring that the RU is not received, effectively signaling that the RU has been 

nulled. 

 

<294> FIG. 39 illustrates a method for signaling a specific Center 26 RU located at the center  
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through the User Specific subfield of SIG-B when signaling a non-contiguous channel-based PPDU 

according to an embodiment of the present invention. 

<295> The method of signaling a non-contiguous channel-based PPDU using the User Specific 

subfield of SIG-B, as described in FIG. 38, has a drawback in that the STAs receiving the DL 

OFDMA PPDU cannot fully understand the BW configuration of the PPDU from the initial part of 

HE-SIG-B. Consequently, it becomes impossible to determine the presence of the Center 26 RU in 

the middle of an 80MHz PPDU from the beginning of SIG-B. To address this issue, as shown in 

the FIG., a STA Specific subfield corresponding to the Center 26 RU must always be inserted into 

an arbitrary SIG-B channel that signals the Center 26 RU (e.g., the P20 channel). If the Center 26 

RU does not exist due to the nulling of other channels, it should be signaled using a Null AID. 

<296> If the method described in FIG. 38, which signals the Null AID using an unused reserved 

AID or a predefined specific AID value, is used, STAs receiving the PPDU may be able to recognize 

the presence or absence of the Center 26 RU. However, since this recognition is only possible after 

successfully receiving the User Specific subfield in a different (or the same) SIG-B channel rather 

than being signaled in the RA field at the beginning of SIG-B, it cannot be reliably ensured to 

function at all times. 

<297> Therefore, when using the Null AID technique in the User Specific field to signal a non-

contiguous channel-based PPDU, it may be preferable to always transmit the signaling for the 

Center 26 RU, regardless of whether actual data transmission occurs. 
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<298> FIG. 40 illustrates the transmission of SIG-B over the secondary 20M channel in SIG-B-

based discontinuous PPDU transmission according to an embodiment of the present invention. 

<300> As previously explained, in an 11ax DL MU PPDU, the SIG-B of P20 and S20 conveys 

different information simultaneously, and this information is repeated across the entire PPDU 

bandwidth in a 1/2/1/2 pattern in 40MHz units. 

<301> In SIG-B-based signaling techniques for discontinuous channel-based PPDU transmission 

(such as those described in FIGS. 37 to 38), a problem arises when the SIG-B channels of both P20 

and S20 cannot be transmitted, as normal signaling cannot be performed. 

<302> As shown in FIG. 40, when the S20(B) and S40A(C) bands are busy, and data is transmitted 

only over the P20(A) and S40B(D) bands, failure to transmit SIG-B in the S20 channel may lead to 

issues in receiving the signaling information for the S40B(D) channel. Specifically, if the bandwidth 

is set to P80 in HE-SIG-A, all STAs will start receiving at least the P20 and S20 tones. In this case, 

if there is no signaling from S20, the signaling information for the S40B(D) channel may not be 

received. 

<303> To address this issue, the following methods can be employed: 

<304> First, in discontinuous channel-based PPDU transmission, the preamble can be transmitted 

across the entire bandwidth. This preamble section may include the bandwidth from the L-Part to 

HE-STF/LTF. In this case, transmitting HE-STF across the entire bandwidth allows receiving STAs 

to perform AGC across the full bandwidth, providing an advantage.  
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Additionally, since the full-band preamble is always transmitted in all cases, flexible channel 

bonding options can be adopted without the burden of additional signaling. 

<305> Second, only channel bonding options that ensure the transmission of both the P20 and S20 

bands in discontinuous channel-based PPDU transmission can be adopted. In this case, transmission 

up to P40 is always guaranteed, maintaining the SIG-B signaling structure. However, this approach 

restricts the available channel bonding options for discontinuous channel-based PPDU transmission. 

<306> Third, in discontinuous channel-based PPDU transmission, the preamble section up to HE-

SIG-B can be transmitted even if no data is transmitted in the S20 band. However, this applies only 

when data transmission does not occur in the S20 channel, but other bands, where the S20 SIG-B 

is responsible for signaling, are actively transmitting data. If no data is transmitted in the S20 

channel and no data transmission occurs in any of the bands responsible for S20 SIG-B signaling, 

then transmitting the S20 SIG-B is unnecessary. 

 

<308> FIG. 41 illustrates a method of extending the Null AID-based signaling described in FIG. 

38 to indicate unallocated RUs in contiguous channel-based PPDU transmission. 

<309> In a DL OFDMA PPDU, up to nine RUs exist within a 20 MHz band, each consisting of 26 

subcarriers. When transmitting data using these nine RUs but utilizing only eight of them while 

leaving one RU without data transmission, a method is required to signal this configuration.  
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Similarly, in an 80 MHz PPDU, up to 37 RUs exist, and cases may arise where data is not 

transmitted in certain RUs, necessitating a signaling method. 

<310> To achieve this, the User Specific subfield in HE-SIG-B can insert a Null AID in the User 

Specific subfield corresponding to the Null RU, indicating that the RU is not transmitted. The Null 

AID may be an unassigned AID among the range of 1 to 2007, a reserved AID beyond 2007, or a 

mutually agreed specific Null AID within the range of 1 to 2007. 

<311> If the method of using unassigned AIDs is employed, a drawback arises in cases where all 

AIDs have been allocated to STAs, making it impossible to perform the aforementioned Null RU 

signaling. Additionally, if the designated AID is in use by a neighboring OBSS with the same BSS 

Color, the STA of that OBSS may attempt to receive the transmission. 

<312> On the other hand, if a reserved AID beyond 2007 or an arbitrarily defined specific Null 

AID is used, assigning a single AID field allows both the BSS and OBSS to clearly recognize that 

the corresponding channel is not in use. Moreover, this method ensures signaling remains feasible 

even when all AIDs within the range of 1 to 2007 have been allocated.   

 

<314> As described above, the present invention has been explained using wireless LAN 

communication as an example. However, the invention is not limited thereto and may be equally 

applied to other communication systems, including cellular communication.  
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Furthermore, while the methods, devices, and systems of the present invention have been described 

in relation to specific embodiments, all or part of the components and operations of the invention 

may be implemented using a computer system with a general-purpose hardware architecture. 

<315> The foregoing description of the present invention is provided for illustrative purposes, and 

the person having ordinary skill in the art will understand that various modifications can be made 

without departing from the technical spirit or essential characteristics of the invention. Therefore, 

the embodiments described above should be interpreted as exemplary rather than limiting. For 

example, each component described as a single entity may be implemented in a distributed manner, 

and likewise, components described as being distributed may be implemented in a combined form. 

<316> The scope of the present invention is defined by the following claims rather than the 

foregoing detailed description, and all modifications or variations derived from the meaning and 

scope of the claims and their equivalents should be construed as falling within the scope of the 

present invention. 

【 Description of Reference Numerals 】 

<317> 100: Station 

200: Access Point 
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[What is claimed is] 

[Claim 1] 

A wireless communication method for a terminal, 

characterized in that the method comprises, 

receiving a wireless signal of a particular channel;  

and using preamble information of said received wireless signal to obtain at least one of 

length information of said signal and full length information of a corresponding data sequence. 
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[Summary] 

[Abstract] 

The present invention relates to apparatus, system, and method of wireless LAN 

communication for wireless LANs. According to an embodiment of the present invention, various 

methods, apparatuses, and systems for preventing inappropriate operations when BSS color 

collision occurred are provided. 

[Representative Drawings] 

FIG. 8  
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[Drawings] 

[FIG. 1] 

 

 

[FIG. 2] 
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[FIG. 3] 

 

 

[FIG. 4] 
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[FIG. 5] 

 

[FIG. 6] 
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[FIG. 7] 
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[FIG. 8] 
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[FIG. 12] 
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[FIG. 13] 
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[FIG. 15] 

 

  

92



 

 

 

 

Filed: Mar. 13, 2016 

112-91 
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[FIG. 35] 

 

[FIG. 36] 

   

  

111



 

 

 

 

Filed: Mar. 13, 2016 

112-110 

 

 

 

 

[FIG. 37] 

  

  

112



 

 

 

 

Filed: Mar. 13, 2016 

112-111 

 

 

 

 

[FIG. 38] 

  

  

113



 

 

 

 

Filed: Mar. 13, 2016 

112-112 
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