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【Description of the invention】 

【Title of invention】 

METHOD, APPARATUS, AND SYSTEM of AUTO DETECTION METHODS in WLAN 

【Technical Field】 

< 1> The present invention relates to the method, device and system for WLAN auto detection to 

effectively detect wireless LAN communication method of a multi-mode support terminal in a legacy-

supported wireless LAN environment. 

 

【Background Technology】 

< 2> As the use of mobile devices has expanded recently, they are increasingly provided with 

Wireless LAN technology that can provide fast wireless Internet services to them is getting a lot of 

attention. Wireless LAN technology is a technology that allows mobile devices such as smartphones, 

smart pads, laptop computers, portable multimedia players, and embedded devices to connect to the 

Internet wirelessly based on wireless communication technology over short distances. 

< 3>  Since the early wireless LAN technology supported the speed of l~2Mbps through frequency 

hopping, band spread, and infrared communication, etc  by using 2.4GHz frequency  through the 

Institute of Electric and Electronics Engineers (IEEE), recently the speed of up to 54Mbps can be 

supported by applying OFDM (Orthogonal Frequency Division Multiplex). In addition, IEEE 802.11 

is putting into practical use or  developing the standards of various technology such as  improved 
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Quality for Service (QoS) coverage, access point(AP) compatibility, security enhancement, radio 

resource measurement ,wireless access vehicular environment, fast roaming  , mesh network, 

interworking with external network , wireless network management.   

<4> IEEE 802.11b among IEEE 802.11 uses the frequency of the 2.4 GHz band 

And supports a communication speed up to 11Mbps. IEEE 802.11a, which was commercialized after 

IEEE 802.11b , uses frequencies in the 5 GHz band instead of the 2.4 GHz band, reducing the impact 

on interference compared to the frequencies of the 2.4 GHz band, which is quite congested, and uses 

OFDM technology to increase communication speeds up to 54 Mbps. However, IEEE 802.11a has the 

disadvantage of having a shorter communication distance compared to IEEE 802.11b. In addition, 

IEEE 802.11g uses the frequency of the 2.4GHz band to achieve a maximum communication speed of 

54Mbps, just like IEEE 802.11b, and it has received considerable attention for its satisfying backward 

compatibility, and it is also superior to IEEE 802.11a in terms of communication distance. 

<5> And there is  IEEE 802.11n as technical standards established to overcome the limitation on 

communication speed, which has been pointed out as a weak point in wireless LAN.   IEEE 802.11n aims to 

increase the speed and reliability of networks and expand the operating range of wireless networks. More 

specifically, IEEE 802.11n supports a high throughput(HT) which has data processing speed of up to 

540Mbps or higher, and  
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is based on MIMO (Multiple Inputs and Multiple Outputs) technology, which uses multiple antenna  on 

both the transmitting and receiving ends to minimize and optimize transmission errors. In addition, the 

specification not only uses a coding scheme to transfer multiple duplicate copies to increase data 

reliability, but also uses orthogonal frequency division multiplexes (OFDM) to increase speed. 

<6> As the distribution of wireless LAN is active and the applications using it are diversified,, 

Recently there emerged a need for a new WLAN system to support a very high throughput (VHT) 

higher than the data throughput supported by IEEE 802.11n.  Among them, IEEE 802.11ac supports a 

wide bandwidth (80MHz~160MHz) at the 5GHz frequency. The IEEE 802.11ac standard is defined 

only in the 5 GHz band, but early 11ac chipsets will support operation in the 2.4 GHz band for backward 

compatibility with existing 2.4 GHz band products. At this time, 802.11ac supports bandwidths up to 

40 Mhz at 2.4 GHz. Theoretically, the specification would allow multiple stations to have a minimum 

WiFi speed of at lGbps and a maximum single link speed of at least 500 Mbps. This is achieved by 

expanding on the wireless interface concepts adopted in 802.11n, such as wider radio frequency 

bandwidth (up to 160 MHz ), more MIMO spatial streams (up to eight), multi-user MIMO, and high 

density modulation (up to 256 QAM).  In addition, IEEE 803.11ad is the method of transmitting data 

using a 60GHz band instead of the existing 2.5GHz/5GHz . IEEE 802.11ad is a transmission standard 

that provides speeds up to 7Gbps using beam forming technology, making it suitable for streaming large 

amounts of data and high-bitrate videos such as uncompressed HD video.  
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However, the 60GHz frequency band has the disadvantage that it is difficult to pass through obstacles 

and can only be used between devices in a short distance space. 

【Contents of the invention】 

【Challenges to be solved】 

< 7> The present invention is intended to solve the problem of the aforementioned prior art, and 

provides methods, devices and systems for wireless LAN. 

【Means of solving the problem】 

<8>  According to an embodiment of the present invention, a device and a system for wireless LAN 

and a wireless LAN communication method can be provided. 

【Effect of Invention】 

< 9> According to the embodiment of the present invention described above, when performing radio 

communication, specific communication method can be quickly and accurately detected from the 

communication between devices that support multiple communication methods. 

< 10> The present invention can be used for various communication devices such as a station or 

access point using wireless LAN, and stations and base stations using cellular communication. 

【Brief explanation of the drawings】 

<11>   Figure 1 shows a wireless LAN system according to one embodiment of the present invention. 

<12>               Figure 2 shows an independent BSS, which is a wireless LAN system according to another 

embodiment of the present invention.
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Figure 3 is a block diagram showing the configuration of STA according to one embodiment of the present 

invention. 

Figure 4 is a block diagram showing the configuration of AP  according to one embodiment of the present 

invention. 

Figure 5 illustrates the steps by which the STA related to one embodiment of the present invention sets up the 

AP and the link. 

Figure 6 shows the passive scanning method of STA related to one embodiment of the present invention. 

Figure 7 is an illustration of the active scanning method of STA related to one embodiment of the present 

invention. 

Figure 8 illustrates the packet structure including the preamble of 11ac related to one embodiment of the 

present invention. 

Figure 9 shows the packet structure including the preamble of 11a/n/ac related to one embodiment of the 

present invention. 

Figure 10 illustrates modulation technique by symbol of L-SIG, HT-SIG, VHT-SIGA for auto-detection 

between 11a/n/ac related to one embodiment of the present invention. 

Figure 11 shows the packet structure including the 11ax preamble for 11ax HEW related to one embodiment 

of the present invention. 

Figure 12 is a comparative illustration of the packet structure including 11ax preamble for lax HEW for 

wireless LAN and the packet structure of legacy WLAN related to one embodiment of the present invention. 

Figure 13 is an illustration of  Submitted Date : 6-29-2015  the packet structure including the specific  
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configuration method of the 11ax preamble for 11ax HEW wireless LAN related to one embodiment of the 

present invention. 

Figure 14 shows the wireless LAN packet structure in the 2.4 GHz frequency domain as a 

specific configuration method of the 11ax preamble for 11ax HEW wireless LAN related to one 

embodiment of the present invention. 

Figure 15 is a drawing illustrating the modulation techniques by symbol of L-SIG, HT-SIG, 

and VHT-SIGA for auto-detection between 11a/n/ac. 

Figure 16 is a drawing showing the packet configuration for auto-detection of new WLAN 

packets such as 11ax. 

Figure 17 is a drawing showing the process by which early detection is performed when L-

SIG repetition was done for auto-detection of  new wireless LAN packets such as 11ax. 

Figure 18 illustrates the configuration and packet structure of the modulation technique, 

including RL-SIG, HE-SIGs as a specific configuration method for 11ax HEW wireless LAN related 

to one embodiment of the present invention. 

Figure 19 illustrates the specific information, modulation/channel coding techniques as 

specific configuration method of  11ax preamble for 11ax 3W wireless LAN related to one embodiment 

of the invention  as well as Subcarrier Mapping Relationships. 

Figure 20 illustrates a method for transmitting additional information for 11ax through RL-

SIG, when considering RL-SIG for 11ax HEW auto-detection, related to  one embodiment of the 

present invention.
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[Specific contents for implementing the invention］ 

<12>  Below, with reference to the attached drawings, the embodiments of the present invention 

are described in detail so that those with general knowledge in the technical field that this invention belongs 

can easily implement them. However, the present invention may be implemented in various different forms 

and is not limited to the embodiments described herein. And in order to clearly explain the present invention 

in the drawings, parts irrelevant to the explanation are omitted, and similar parts are given similar drawing 

reference numerals throughout the specification. 

< 13> Throughout the specification, when a configuration is "connected" to another configuration, 

this Includes not only when they are "directly connected", but also “electrically connected" when there are 

Figure 21 illustrates the process of detecting additional information and whether it is 11ax packet when 11ax HEW 

RL-SIG and additional information is transmitted related to one embodiment of present invention. 
 

Figure 22 illustrates the method of applying at the time domain with the 11ax HEW RL-SIG and additional 

information configuration method related to one embodiment of the invention. 

  

 

Figure 23 illustrates the method of determining the constellation point based on size/status transition for 

transmitting 11ax  HEW RL-SIG information related to one embodiment of the invention. 

Figure 24 illustrates the additional subcarrier and allocation for transmitting 11ax HEW RL-SIG additional 

information and size/status modulation signal transmission related to related to one embodiment of the 

invention. 

Figure 25 illustrates the method of utilizing a pilot for transmitting 11ax HEW RL-SIG additional 

information related to one embodiment of the invention. 
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other elements in between. Also, when we say that a part "contains" a particular component, it does not mean 

that it excludes other components, but that it can further include more of other components, unless otherwise 

contradicted. 

< 14> Structure of wireless LAN system 

< 15>   Figure 1 shows a wireless LAN system according to one embodiment of the present invention. 

< 16> The wireless LAN system includes one or more basic service sets(Basic Service Set, 

BSS), and BSS represents a set of devices that have successfully synchronized and can communicate 

with each other. In general, BSS can be divided into infrastructure BSS and independent BSS (IBSS), 

and Figure 1 shows the infrastructure BSS among them. 

< 17> As shown in Fig. 1, the infrastructure BSS (BSS1, BSS2) includes one or more Station(s) (STA-1, 

STA-2, STA-3, STA-4, STA-5); access points (PCP/AP-1, PCP/AP-2) which is a station that provides 

distribution service; and distribution system (DS) that connects multiple access points (PCP/AP-1, 

PCP/AP-2). 

< 18> A station (STA) is any device containing the Medium Access Control (MAC) that complies 

with the requirements of the IEEE 802.11 standard and a physical layer interface to the wireless medium, and 

broadly includes both non-AP stations(STA) and access points(APs). The Station for wireless communication 

includes Processor and transceiver, and may further include a borrower interface part and a display unit, etc., 

depending on the embodiment. A processor may generate a frame to be transmitted over the wireless network, 
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or process the frames received over the wireless network, and perform a variety of other processing to control 

the station. The transceiver is functionally connected to the processor and transmits and receives frames via a 

wireless network for the station. 

<19> Access Point(Access Point, AP)is the unit that provides access to Distribution system via 

wireless media(DS) for the station that is connected to itself. 

 In principle, communication between STA's that are not connected to AP at Infrastructure BSS is done 

via AP, but if a direct link is direct communication is also possible between the STA’s that are not 

connected to AP. Meanwhile, in the present invention, AP is used as a concept including PCP (Personal 

BSS Coordination Point), and may include   all concepts such as a centralized controller, base station 

(BS), node-B, base transceiver system (BTS), or site controller, in a broader sense. 

<20> Multiple infrastructures BSS can be interconnected via a distribution system (DS). 

At this time, the plurality of BSS connected through DS is called the Extended Service Set (ESS). 

STAs included in ESS can communicate with each other, and STAs that are not connected to Aps 

within the same ESS can communicate seamlessly and move from one BSS to another. 

<21> Figure 2 shows an independent BSS, which is a wireless LAN system according to another 

embodiment of the present invention.
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Redundant explanations will be omitted for the part in the embodiment of Figure 2 that is identical or 

equivalent to the embodiment of Figure 1. 

<22> Because the BSS-3 shown in Figure 2 is an independent BSS and does not contain AP, all 

stations (BTA-6, STA-7) are not connected to the AP. Independent BSS is not allowed to access DS and forms 

a self-contained network. In an independent BSS, individual stations (STA-6, STA-7) can be directly 

connected to each other. 

<23> Configuration of STA (Station) 

<24>  Figure 3 shows a block diagram showing the configuration of a station according to one embodiment of 

the present invention. 

<25> As illustrated, the STA 100 according to one embodiment of the present invention may contain 

processor 110, one or more network interface card (NIC, 120), a user interface part 140, a display unit 150 and 

a memory 160. 

< 26> First, the network interface card 120 is a module for performing a wireless LAN connection 

and can be built into STM 100 or be mounted outside. In accordance with embodiments of the present 

invention, the network interface card 120 may include a plurality of network interface card modules 

120_l ~120_n utilizing different frequency bands. 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 an embodiment of the present invention, STA  100 can be equipped with at least one 

network interface card module utilizing a frequency band of 6 GHz or higher, and at least one 
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network interface card module utilizing a frequency band of 6 GHz or less. Each network interface 

card module (120_l~120_n) can perform wireless communication with an AP or an external STA 

according to the wireless LAN specification of the frequency band supported by the corresponding 

network interface card module(120_1〜120_n). The network interface card 120 may operate only one 

network interface card module(120_l~120_n) at a time, or multiple network interface card modules 

(120_l~120_n) may be operated together at the same time, depending on the performance and 

requirements of the STA 100. 

<27> On the other hand, in the block diagram of Figure 3, the plurality of STA 100 network interface 

card modules (120_L~120_n) are shown separately from each other, and the MAC/PHY layer of each network 

interface card module (120_l~120_n) is operated independently of each other. However, the present invention 

is not limited to this, and the network interface card module of several different frequency bands may be 

integrated into one 1 and provided in the STA 100. 

<28>  Next, the user interface part 140 includes various types of input/output means equipped at 

STM 100.  In other words, the user interface unit 140 can receive the input of the user by using various input 

means, and the processor 110 can control STA 100 based on the received user input. In addition, the user 

interface unit 140 can perform output based on the instructions of processor 110 using various means of output. 

<29> Next, the display unit 150 outputs an image on the display screen. 

The display unit 150 may output a variety of display objects, such as content executed by processor 

110 or a user interface based on the control command of processor 110.
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 In addition, the memory 160 stores the control program used in STA 100 and the accompanying various data. 

These control programs may include the connection programs required for STA 100 to perform the connection 

with the AP or an external STA. 

<30> The processor 110 of the present invention can execute various commands or programs, and 

process the data inside the STA 100. In addition, processor 110 controls each unit of STA 100, and may control 

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

processor 110 controls the communication behavior of the sector sweep signal transmission/reception of the 

STA 100 and the transmission/reception of the corresponding feedback signal. 

<31> In addition, processor 110 executes a  program that executes connection with the AP stored in 

memory 160, receives the communication setup message sent by the AP, reads the information about the 

priority condition of the STA 100 contained in the communication set up message, and requests access to the 

AP based on the information about the priority condition of the STA(100)n. Specific explanation of this will 

be described later. 

<32> STA 100 shown in Figure 3 is a block diagram according to one embodiment of the present 

invention: and the blocks separated and displayed are displayed by logically distinguishing the elements of the 

device. Therefore, the elements of the above-described device can be mounted as a single chip or as multiple 

chips, depending on the design of the device. In addition, in embodiments of the present invention, some 

configurations of STA 100, such as a mobile communication module 130, a user interface unit 140 and a 

display unit 150, may be optionally provided in STA 100. 

<33>  Configuration of AP (Access Points)
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<36> 

 

Figure 4 is a block diagram showing the configuration of AP  according to one embodiment of  

 

the present invention. 

As shown, the AP 200 according to the embodiment of the present invention may include a 

processor 210, a network interface card (NIC, 220) and a memory 160. In Figure 4, the redundant 

explanation is omitted for the part of the configuration of the AP 200 that is the same or equivalent to 

the configuration of STA 100 in Figure 3. 

Referring to Figure 4, the AP 200 according to the present invention is equipped with a network 

interface card 220 for operating the BSS in at least one frequency band. As described in the embodiment 

of Figure 3, the network interface card 220 of the AP 200 may also include a plurality of network 

interface card modules utilizing mutually different frequency bands. In other words, the AP 200 

according to the embodiment of the present invention may be equipped with two or more network 

interface card modules in different frequency bands, such as 2.4 GHz, 5 GHz, and 60 GHz. Desirably,  

AP 200 may be equipped with a network interface card module utilizing a frequency band of 6 GHz or 

higher, and a network interface card module utilizing a frequency band of 6 GHz or less. Each network 

interface card module(220_1~220_m) can perform wireless communication with STA in accordance 

with the wireless LAN specification of the frequency band supported by the corresponding network 

interface card module(220_l~220_m). The network interface card 220 may operate only one network 

interface card module(220_l~220_m) at a time, or multiple network interface card modules 

(220_l~220_m) may be operated together at the same time, depending on the performance and 

requirements of the AP 100. 

<34> 

 

<35> 
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< 37> Next, the memory 260 stores  the control program used in AP 200 and various data therefrom. 

These control programs may include access programs that manage access to STA. In addition, processor 210 

controls each unit of AP 200, and may control the transmission and reception of data between the units. 

< 38> In addition, processor 210 executes a  program that executes connection with the station stored 

in memory 260, sends a communication setup message to one or more STA 100 and perform the connection 

configuration according to the connection request of STA  100, but the communication setup message contains 

information about the connection priority conditions of each station. Specific embodiments of this will be described later. 

< 39> Linking Steps 

< 40>  Figure 5 roughly illustrates the steps where the STA related to one embodiment of the present 

invention sets up the AP and the link. 

<41> Referring to Figure 5, the steps for STA 100 to connect to AP 200 according to the present 

invention are largely divided into three stages of Scanning, Certification, and Association.  The scanning stage 

is the stage in which STA 100 acquires the access information of the BSS operated by the AP 200. The methods 

for performing scanning include: passive scanning technique S101, which uses only the beacon messages that 

the AP periodically transmits, and the active scanning technique, in which STA sends a probe request to the 

AP S103 and receives a probe response from the AP (S105) to obtain the access information.   

 
< 42>  STM 100 that successfully received the radio connection information during the scanning step 

sends an authentication request S107a, and receives authentication Response Sl07b to perform the 

authentication procedure. 
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< 43> After performing a successful IEEE 802.11 layer certification process, the bonding phase 

(S109a, S109b) is carried out, and additionally certification based on 802.1X-based 

authentication(S111) and IP address acquisition step via DHCP (S113) can be performed. The AS 300 

is an Authentication server that handles STA 100 and 802.1X-based authentication, and may exist 

physically coupled to AP 200 or exist as a separate server. 

< 44> Figure 6 shows the passive scanning method of STA related to one embodiment of the present invention. 

 

<45> Referring to Figure 6, the first STA 110 under the present invention receives periodic beacon 

messages from nearby first AP 210 and 2nd AP 220 and obtain the wireless connection information of the APs 

respectively. 

< 46>  Figure 7 shows the active scanning method of STA related to one embodiment of the present 

invention. 

<47> Referring to Figure 7, the first STA 110 under the present invention sends a probe response 

message to obtain information of nearby AP, and receives corresponding  probe response messages from the 

1st AP 210 and the 2nd APC 220 respectively, and acquires the wireless contact information of each AP.
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<48>  Figure 8 shows the packet structure of 11ac in support of legacy mode.  

In the case of legacy preamble, as preamble that the existing wireless Lan STA can receive like 11a,  

the 11a terminal receives the preamble and performs the function of protecting the signal of 11ac in 

channel search and competition. As shown in Figure 8, the 11ac STA obtains the length (T) of the 11ac 

packet through the legacy preamble, and the VHT-SIG does not provide much for the length of the 

11ac packet. 

<49> Figure 9 shows the packet structure containing each preamble of 11a/n/ac at 5 GHz. 

C. As shown in Figure 9, in the case of 11n/ac, it shows the packet structure supporting legacy STA by 

mixed mode (MM) behavior. As shown in the figure, in order to minimize the effects of legacy STAs 

such as 11a, legacy preamble is maintained the same, and after L-SIG 11n or 11ac sends recognizable 

information. In the case of 11a terminal, the 11a data is expected to come after the L-SIG through the 

RATE and LENGTH information defined by the L-SIG, and the L-Data part is decrypted. In the case 

of the 11n terminal,  in order to distinguish from such legacy packets as 11a (11g at 2.4GHz), it is 

distinguished whether it is 11n or 11a through HT-SIG after L-SIG. In order to support such auto-

detection function, whether it is an 11n packet or not is determined through a modulation technique 

different from 11a, such as QBPSK through the first HT-SIG symbol. This process is CRC verification 

process of  HT-SIG as a verification process, and it is not judged by whether HT-SIG is detected or 

not.  To check if the packet is 11n  or not before such decryption process has an important function of 

reducing the power consumption such as unnecessary decryption process of 11n terminal and also of 

reducing the transmission latency such as deciding whether there is 11a fallback. 
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Similarly in the case of 11ac, in order to distinguish from the legacy packet that are 11a and 11n,  11ac 

auto-detection method should be designed after L-SIG.- However, in order to minimize the impact on 

11n STA that is performing the existing auto-detection function in this process, it is desirable to make 

11n to recognize the first OFDM symbol which is HT-SIG1 significantly used for auto-detection of 

11n  as 11a. Therefore: In the case of 11ac, VHTSIG-A1 performs the distinction between 11n and 

11a/ac, and VHTSIG- A2 distinguishes  11a and 11ac. 

<50>  Figure 10  illustrates the modulation technique by symbol of L-SIG, HT-SIG, and VHT-SIGA. 

 In the case of 11a STA as in Figure 8,  it recognizes 11n/ac packet as 11a packet with L-SIG (Legacy 

preamble) and then, defers transmission and reception operations as much as the prescribed length of 

L-SIG for the protection, etc. of 11n/ac. In the case of 11n, QBPSK and BPSK are distinguished 

through the first symbol of HT-SIG.  This can be judged by the distribution between I/Q channels of 

constellation point of the subcarrier on which each data transmission is made.  Additionally, it is 

possible to perform more reliable 11n auto-detection by utilizing that the second symbol of HT-SIG is 

also transmitted to the same QBPSK. In the case of 11ac STA, in order to distinguish between 11n and 

11a/ac( so as not to affect the auto-detection performance of 11n), it is sent to BPSK, and the second 

symbol of VHTSIGA is used to determine whether it is 11ac. In this case, for the 1st symbol, in the 

case of 11ac, It has the characteristic that there is no ambiguity about QBPSK at the 2nd symbol. 
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<51> Figure 11 illustrates the HEW preamble structure for transmitting 11ax HEW packet when 

considering 11a /g/n/ac as legacy mode.   In the case of 11ax HEW packets as in Figure 11, it is possible to 

design Green Field as a new packet structure that can only be recognized between HEW STAs after 

transmitting legacy preamble. Therefore, the configuration of STF/LTF/SIG required in general WLAN 

operation must be redesigned to fit the 11ax HEW packet structure, and in this process, the number, position, 

etc., of each HEW-SIG/STF/LTF can be arranged in various ways, and the present invention is not limited to 

the specific structure of the 11ax HEW preamble , but proposes a 11ax HEW preamble design method in which 

the influence of 11a/g/n/ac is minimized in a situation where auto detection method, or the auto detection 

method of 11ax HEW STA. 

<52>  Figure 12 illustrates a comparison between the packet structure containing the existing legacy 

WLAN such as 11a/g/n/ac and the newer WLAN packet structure such as 11ax HEW. As shown in Figure 12, 

it is assumed that the legacy 11a/g preamble  is transmitted in the front for the 11a (or 11g) WLAN STA. It is 

possible to reconfigure the LAN packet evolved from 11a/g after the L-SIG, and the preamble consisting of at 

least one of the basic configuration element for 11ax, such as  HEW-SIG, HEW-STF,  and HEW-LTF can be 

sent also from the 11ax HEW, similar to 11n/ac,  In the present invention, a design method is presented to 

analyze the impact of legacy and minimize it, when an 11ax HEV preamble consists of a plurality of OFDM 

symbols and coexists with legacy preamble  such as 11a/g/n/ac. In Figure 12, 11ax HEW preamble can be 

overlapped with the OFDM symbol interval which is divided largely into three parts in the case of 11n/ac.  
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<53 > 1) Region 1： (SIG) Data demodulation 

<54> In the case of 11a , it is the region where the data packet of 11a is demodulated, and in the case of 11n/ac, 

it is the region of demodulating the HT/VHT-SIG data. In this region, it is possible to determine whether it is 

11n and 11ac packets through auto-detect ion before data demodulation, and then LAN packets are 

demodulated to match the corresponding WLAN mode. Specifically, in the case of 11n/ac, Region 1 consists 

of two OFDM symbols, and in the first OFDM symbol, 11n determines whether the 11n is a packet or not by 

performing auto-detection using the SIG data modulation constellation point characteristic transmitted to 

QBPSK, and in the case of 11ac, it determines whether 11ac is a packet or not at the second symbol. 

<55> 2) Region 2/3: STF/LTF Detection 

<56>  In the case of 11a, it performs the same reception behavior  with the data modulation section 

as in Region 1. In the case of 11n/ac, Region 2 is an HT/VHT-STF transmission section consisting of a single 

OFDM symbol, and performs the SFT inspection process based on the repetition characteristics of the time 

region signal. Here, in Region 2, modulation technique of subcarrier in the frequency region has the same 

configuration as QPSK's constellation point. Region 3 has the LTF detection region in the case of 11n, and in 

the case of 11ac, it has BPSK transmission signal configuration as the section to acquire the information of 

LTF and VHT-SIG2. As such, the detection of HT/VHT-STF/LTF/SIG is judged according to the auto-

detection result of Region 1, and Regions 2 and 3 do not perform auto-detection on the legacy WLAN STA of 

11a/g/n/ac, and the reception behavior of the region after Region 1 is determined based on the auto-detection 

result. 

  

23



56-23 

 

 

Submission Date: 6-29-2015 

<57> Thus, in the case of an 11ax HEW preamble consisting of a plurality of OFDM symbols,  

in order to minimize the impact on the behavior of legacy, each symbol has the following requirements. 

<58> 1) HEW SYM 1 & SYM 2： It is a section performing auto-detection of 11n/ac legacy, and 

it is desirable to minimize the effect on the performance of auto-detection utilizing QBPSK. Since the 

orthogonal nature between BPSK and QBPSK is used through the distribution of I/Q channels, it is 

desirable for the HEW symbol that BPSK is configured on all subcarriers, and although it is possible 

to utilize non-BPSK modulation techniques on some subcarriers (e.g., subcarriers of even/odd indexes), 

but in that case, the auto-detection performance of 11n/ac may be reduced, and some may be used 

within an acceptable range. 

<59> 2） HEW SYM 3： When there is no impact on  the auto - detection of 11n/ac in SYM 1 & 2,  

STF detection process is performed in the case of 11n/ac STA. In the case of 11ax HEW signal, the 

effect of 11n/ac due to the specific modulation technique is judged to be negligible. It is because, in 

the case of 11n/ac STA, the effect on the STF detection of HEW-SYM3 is not significant, as the 11ax 

HEW packet is considered to be an 11a packet through HEW SYM 1 & 2. Thus, in the case of HEF 

SYM3, additional requirements can be defined in terms of 11ax HEW STA. In the case of BPSK 

transmission (on all or part of the subcarrier) from HEW SYM1 & 2 to the protected section of  11n/ac, 

it is possible for HEW-SYM3 to be used to distinguish from  11a packet as a key role in the auto-

detection of  11ax. In other words, in HEW-SYM3,  
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modulation techniques with orthogonal characteristics with BPSK such as QBPSK make it possible to  

 

distinguish them from 11a/g packets. 

<60>  3) HEW SYM 4+: In 11n /ac,  it is the LTF detection section, and since auto-detection has 

already been done on previous symbols as described above, the modulation technique of  11ax HEW symbol 

does not have much of an impact. In the case of 11ax HEW STA, it is also possible to perform auto-detection 

by using QBPSK, etc.  which is distinguishable from 11n/ac in the region. In this case, the configuration of 

Region 1 or Region 2 of 11n/ac is succeeded by 11ax, and then the symbols are used as auto-detect ion of 11ax. 

<61>  Figure 13 illustrates the configuration of 11ax preamble assuming the transmission of QBPSK 

to Region 2 as a method of performing auto-detection in the section of 3 symbols or more based on the design 

requirements of HEW-SYM mentioned above.   It is desirable to transmit BPSK (all or part of the subcarrier) 

in order to avoid degradation of the auto-detection of 11n/ac as shown in the figure, and auto-detection can be 

performed through a modulation technique for the detection of 11ax preamble such as QBPSK, in Region 2, 

which is the third OFDM symbol. In this case, it plays a role of differentiating whether it is 11a/g or 11ax 

HEW packets. Based on this, 11ax HEW preamble can be configured in the form of HEW-SIG with 3 or more 

symbols, HEW-STF, HEW-LTF, and additional HEW-SIG transmissions if required. 

<62>  Figure 14 illustrates the configuration of 11ax preamble, when considering llg/n as the legacy 

WLAN transmission method as in the 2.4 GHz band.  Unlike the 5 GHz band, in bands where  11ac 

transmission does not exist as a legacy, for the auto-detection method for 11ax HEW packets, it is possible to 

configure the second OFDM symbol as QBPSK after L-SIG transmission, as shown in Figure 14. 
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This can be expected to have the same performance as the detection performance of 11ac, and in the 

case of STA that is implemented with 11ac in the form of backward compatible, the auto-detection 

technique of 11ac is used as the auto-detection technique of 11ax, so there will be no additional increase 

in implementation complexity. In this case, although it may differ from the auto-detection technique of 

11ax in the 5 GHz band, but as the same configuration method, it is possible to design HEW SIG with 

the same configuration as VHT-SIG as shown in Figure 14 (in this case, 11ac can determine the 

reception failure because an error occurs in the VHT-SIG1 decryption process),  and after that, to 

transmit 11ax-specific  SIG information and perform auto-detection through the 3rd symbol. 

<63>  Figure 15  illustrates the modulation technique by symbol of L-SIG, HT-SIG, and VHT-SIG 

for auto-detection among 11a/n/ac. 

 

<64> As in Figure 15, in the case of 11a STA, it recognizes 11n/ac packet as 11a packet through L-

SIG (Legacy Preamble), and  then the 11a terminal defers the transmission and reception operation to the 

specified length of the L-SIG for the protection of 11n/ac. In the case of 11n, QBPSK and BPSK are 

distinguished through the first symbol of HT-SIG.  This can be judged by the distribution between I/Q channels 

of constellation point of the subcarrier on which each data transmission is made.  Additionally, it is possible to 

perform more reliable 11n auto-detection by utilizing that the second symbol of HT-SIG is also transmitted to 

the same QBPSK. In the case of 11ac STA, in order to distinguish between 11n and 11a/ac( so as not to affect 

the auto-detection performance of 11n), it is sent to BPSK, and the second symbol of VHTSIGA is used to 

determine whether it is 11ac. In this case, in the case of 11ac for the 1st symbol,  
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it has the characteristic that there is no ambiguity for QBPSK in the second symbol only when it 

should be judged whether it is 11n or not. In the case of 11n-GF, it can be distinguished by HT-SIG1 

modulated to QBPSK. 

<65>  Referring to Figure 16 use LSIG repetition for 11ax packet autodetection, i.e, having a 4us 

symbo1 repeating the LSIG content, in the 11ax preamble right after the legacy section. Modulating the R-

LSIG (LSIG repetition ) symbol with BPSK and rate 1/2 BCC. The next symbol (HE-SIGA) after RLSIG is 

also BPSK, legacy devices will detect the packet as 11a/g. 

<66> The following is an example of the auto-detection process when receiving a wireless LAN 

packet. 

<67> Step-1： LSIG and RLSIG  repetition detection. 

<68> Step-2： LSIG and RLSIG MRC, and demodulate/decode. 

<69> Step-3： Content Check: e.g. Parity bit, Rate=6Mbps and L-LENGTH!=3x. 

<70> When both steps 1 and 3 pass, 11ax is detected, otherwise jump back 

to 11a/n/ac state machine. 

<71> Note that steps 2 and 3 are required as part of the packet decoding anyways (similar to 11ac). 

<72> Figure 17 illustrates the process of early detection when repetition is performed when L-SIG 

repetition is done  for auto-detection of new WLAN packets such as 11ax. 

<73> Referring to Fig. 17, it is possible to early detect the 11ax packet when L-SIG is repeated for 

auto-detection as in Fig. 16 
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<74> Early 11ax detection 

<75> • LSIG Rep detection + LSIG Content check finishes approx at 3us after 

end of R-LSIG 

<76> • Before the potential (V)HT-STF field in 11n/ac 

<77> • No need to revise the old 11a/n/ac detection state-machine. 

<78> In the case of repetition false trigger, receiver may still fall back 

to conventional 11n/ac state-machine on time (for AGC). 

<79>  Other benefits that can be acquired through L-SIG repetition include: 

<80> Reliable detection performance： miss detection is lower than the error 

rate of combined LSIG+RLSIG field, and with very low false detection probability. 

<81> Improve LSIG field error rate： therefore beneficial for the following cases 

<82> •    Outdoor (UMI channel). 

<83> • High density low SINR. 

<84> - Reduce the chance of collision (more reliable CCA determination), 

therefore reducing the extra overhead caused by re-transmissions. 

<85> • Reducing LSIG false positive probabi1ity at 11ax receivers. 

<86> • Enabling possible range extension. 
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<87> Figure 18 shows the packet structure considering RL-SIG as  the 11ax HEW Preamble  

structure. RL-SIG means to repeat all or part of the L-SIG among the legacy preamble, so that the 11ax 

packet can be detected at an early stage. The RL-SIG can also be interpreted as HE-SIG as information 

that can only be recognized by HE STA. For convenience, the present invention specifies the distinction 

between HE-SIG and RL-SIG, but it can also be interpreted to include RL-SIG in HE-SIG. In this case, 

as shown in Figure 18, it is desirable that HE-SIGs for 11ax be sent after RL-SIG, and that the 

modulation technique of RL-SIG is not transmitted to QBPSK. This is to prevent false alarm to 11n 

packet when RL-SIG's modulation technique is transmitted to QBPSK.   In addition, it is desirable that 

subsequent HE-SIGs are not forwarded to QBPSK, so that they are not recognized as 11ac packets. 

However, as described above, if the symbol of the HE-SIG is plural and consists of more than 3 OFDM 

symbols, including RL-SIG, then in the case of the 3rd OFDM symbol, the modulation technique will 

have freedom in auto-detection, and it is possible to send it to QBPSK for 11ax packet detection. Figure 

18 shows both HE-SIG A and B, but in the case of HE-SIG B, it may not always be transmitted. 

Therefore, the modulation technique of the third OFDM symbol in  HE Preamble's SIG can be used to 

detect the presence of HE-SIG B. For example, if HE-SIG Bis not transmitted, HE-STF is transmitted, 

and the automatic detection of HE-SIG B is possible through the difference between the modulation 

techniques of HE-STF and the modulation technique of HE-SIG B, and in this case, STF can be 

modulated with QPSK and HE-SIG B can be modulated with QBPSK to be transmitted. Furthermore, 

in the case of HE-SIG B, 
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since it has already been recognized as an 11ax packet in the process of RL-SIG and HE-SIG A 

detection/demodulation, it is also possible to increase the amount of transmitted information per unit OFDM 

symbol by using the modulation technique of the HE-SIGB as QPSK. 

<88>  Figure 19 re-uses L-SIG for RL-SIG transmission, and shows RL-SIG’s transmission 

information, modulation/channel encoding and subcarrier mapping relationship. In Figure 19, RL-SIG 

generates coded bits of 24 bits by the rate BCC technique for a total of 24 bits of information bits consisting 

of RATE, LENGTH, Parity, Tail, and Reserved Bits, which constitute L-SIG through repeated transmission 

of L-SIG. Such 24 bits consist of 24 BPSK modulation data, which are mapped to 48 subcarriers in a single 

OFDM symbol and transmitted. In this case, channel estimation is required for modulation of coded bits, for 

which four pilot subcarriers are sent together.  Their positions can be variable, but they can be mapped to the 

same - 21, -7, 7, and 21 indexes as the L-SIG and transmitted. 

<89> Figure 20 illustrates the part for 11ax transmitting additional information for 11ax, in the 

process of performing 11ax auto-detect ion via RL-SIG.    In Figure 20, the configuration of RL-SIG is 

diagrammed in the same way as the pilot/BPSK L-SIG data with a repetition of L-SIG, but the data:, subcarrier 

position of the pilot, and the number of subcarriers are configurable variably. As shown in Figure 20, in the 

case of an RL-SIG that repeatedly transmits all or part of the information of the L-SIG, it is desirable to transmit 

additional information without compromising the characteristics of performing 11ax detection by repeated 

transmission of the L-SIG in order to transmit additional information. To do this, as shown in Figure 20, it is 

possible to transmit information  by dividing the frequency resource of the RL-SIG (e.g.,  48~56 subcarriers 

in one OFDM symbol) to one or more Freqs. Parts, and change phase (theta_i) and size (A_i) on the individual 

freqs. Part with specific modulation symbols. 
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 If the phase transition is configured as 0 or  180 degrees when transmitting additional information 

through the change of phase, it may be interpreted as the same as the existing BPSK configuration and 

may not affect the existing auto-detection, but if the transition is transmitted to any other phase, the 

modulation technique of the RL-SIG may be transmitted differently from the BPSK phase value. . In 

this way, for the RL-SIG (+additional information) with a change in phase or size compared to the L-

SIG, the process of acquiring additional information in the process of modulating  1) 11ax L-SIG 

Repetition Detection and 2) 11ax Combined SIG demodulation process as shown in Figure 17. 

<90>  In Figure 21,  additional information is transmitted through size and phase changes to the 

region of RL-SIG which is divided to one or more as in Figure 20, and illustrates through a flow chart: 1 ) L-

SIG repetition detection, 2) additional information detection, and 3) 11ax packet detection. In the case of 11ax 

STA, as shown in Figure 21, it is determined whether L-SIG + RL-SIG is decrypted through whether to  

repeatedly transmit L-SIG for the received 11 packets. As shown in Figure 20, when additional information is 

transmitted to the RL-SIG region, detection errors may occur if there is no compensation for the size or phase 

mutation in the L-SIG repeated transmission search process. Therefore, it is necessary to set the candidate 

size/phase change value for each part based on the transferable size and phase information values for each part, 

and at this time, it is possible to detect the repetition of L-SIG for each part, and it is also possible to judge it 

cumulatively. The candidate size/phase transition value for each part is compensated for by part s, so that it 

can be changed to a form that can determine whether the L-SIG is repeated or not, and it is possible to detect 

the repeatability of the L-SIG on a part-by-part basis based on this. In this way, the L-SIG repetition through 
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the information is determined comprehensively for all the RL-SIG, based on L-SIG repeatability by  part or by 

accumulation and based on  the candidate size/phase transition at the time. When the candidate size/phase 

transition is determined through a compensated signal by the repetition of L-SIG, the candidate size/phase 

transition can be selected as additional information. The final addition information will be determined after the 

completion of the L-SIG repeated detection and when the L-SIG decryption detection with the L-SIG and the 

compensated RL-SIG value is successfully performed. 

<91>  Figure 22 shows how to apply RL-SIG for partial or full repeated transmission of L-SIG 

considered in Figures 21 and 22. Figure 22 shows the signal transmitted in the time domain of L-preamble 

consisting of L-STF, L-LTF, and L-SIG.   In Figure 20, it is shown that a part or segment is configured in 

consideration of the subcarrier in the frequency domain, and additional information is transmitted through size 

or phase modulation for each configured part/segment. In Figure 22, it is possible to extend the time domain 

by repeatedly transmitting the time domain signal of the L-SIG part and sending additional information, and 

as an embodiment,  Figure 22 divides the time domain of the L-SIG into one or more segments and illustrates 

the process of sending the modulated information with a size or phase transition to each time domain. The 

repetition configuration RL-SIG in time domain can repeat the entire L-SIG, or shows its partial region, and it 

is also  possible to represent a part of it, and it is also possible to divide the section of the same or a rational 

number in consideration of CP /GI and perform size/phase modulation on the section. 

<92>  Figure 23 shows  the constellation point determination method that  applies the size/phase 

transition to L-SIG's BPSK modulation method for the transmission of additional information via RL-SIG As 
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shown in Figure 10, BPSK and QBPSK are used as modulation techniques in L-SIG and (V)HT-SIG.  In the 

case of RL-SIG, it is preferable not to transmit to QBPSK for distinction from (v)HT-SIG, and additional 

information can be transmitted by additionally applying size/phase modulation to frequency range signals 

based on L-SIG BPSK, but in this case, selection criteria are required for modulation techniques to distinguish 

from QBPSK. For example, if an additional 1-bit information is transmitted via phase ( + ) or (-) 180 degree 

phase transition, a false alarm may occur during the 11n auto detection process using the same modulation 

technique as QBPSK. Therefore, in the case of phase change, it is important to apply the phase change that can 

be distinguished from QBPSK, and since it is transmitted in BPSK/QPSK/16QAM/64QAM in the case of an 

11a packet, it is possible to define the additional bit mapping through all or part of the size/phase information 

transmitted from the four constellation points. In addition, transmitting HE-SIG after RL-SIG, and making the 

modulation technique of HE-SIG and RL-SIG the same make it easy to distinguish the packets between 11a 

and 11ac in the 11ac auto-detection process and can reduce the occurrence of false alarm during the legacy 

11ac auto-detection process. Furthermore, it is also possible to increase the information capacity of HE-SIG 

by defining the modulation technique of RL-SIG as BPSK and HE-SIG as QPSK and preventing the 

degradation of auto detection performance of 11n/ac. 

<93> Figure 24 shows the subcarrier used for RL-SIG transmission,  and shows assigning additional 

subcarrier compared to L-SIG after the -26 or 26 subcarrier index to transmit additional information.  As shown 

in Figure 24, in the case of L-SIG, L-SIG information is transmitted using the subcarrier of the -26~26 indices, 

and in the case of RL-SIG, all or part of the information of the L-SIG is transmitted to the location of the 

subcarrier, and then the subcarrier of the index is used to transmit size/phase modulated information as 

additional information.
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While the position of the 20 Mhz subcarrier used in the legacy preamble is -26~26 index, the -27/-28/27/28 

index subcarrier is additionally used in the case of 11n/ac.  Also in 11ax, it is possible to allocate and utilize 

additional subcarriers including the subcarriers, and in this case, it is possible to determine whether there is an 

11ax packet by confirming that additional subcarriers are used, and furthermore, it can also be used to interpret 

the information of subcarriers with the -26~26 index. In Figure 24, for convenience, the position and number 

of pilots are set to be the same as those of L-SIG, but not limited to this. 

<94> Figure 25 shows the policy of transmitting additional information from RL-SIG based on the 

pilot location and information of the L-SIG.   As shown in Figure 25, L-SIG assigns four pilot subcarriers as 

pilots to demodulate the information of L-SIG. In general, considering the time-varying nature of the wireless 

LAN system channels, the channel change in two consecutive OFDM symbols is not significant, so it is 

possible to demodulate data of RL-SIG using the pilot of the L-SIG. Therefore, it may not be a problem even 

if the RL-SIG does not use the same number of pilots as the L-SIG, and it can be used to transmit additional 

information to the location of the pilot. In addition, the position of the subcarrier for the pilot and data does 

not have to be the same as for the L-SIG, so it is possible to change the position of the subcarrier for the 

data/pilot (if necessary) of the RL-SIG in consideration the pilot of the L-SIG. In this case, in order to 

concentrate as much of the RL-SIG's data subcarrier as possible at the pilot position of the four L-SIGs, it is 

possible to move the pilot position to the subcarrier at both ends and concentrate the data on the middle 

subcarrier. 
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Furthermore, in RL-SIG, a specific sequence or modulation information pattern can be predetermined in the 

pilot, and it can be used for detecting additional information and L-SIG repeated information through the pattern, 

sequence, and pilot position information. In the present patent, it is described as additional information in terms 

of size/upper transition, but the additional information is not limited to this, and it is possible to obtain 

information through correlation based on sequence, or to express it by including signatures for various other 

11ax. 

<95> Separately, as shown in Fig. 19 or 24, the data and the subcarrier position of pilot are defined 

in L-SIG, and in the case of 11ax RL-SIG, it is possible to obtain additional information by providing shift or 

offset in the process of mapping L-SIG repetition information to the subcarrier. For example, it is possible to 

obtain additional information through the subcarrier mapping relationship of L-SIG's repeated information  by 

mapping information from L-SIG data or pilots  from RL-SIG to a specific offset (max 48~56) to the subcarrier 

index of L-SIG, or changing the subcarrier mapping rule through mod. computation, or newly defining the other 

RL-SIG subcarrier mapping rules anew. In this case, it is also possible to apply the data and pilot parts separately, 

or to one of the two. 

<96> In addition, it is also possible to repeat only some of the data regarding L-SIG's coded bits in 

the frequency domain as a repetition characteristic of the L-SIG and map and transmit the new data to the 

remaining part. Or, as in Figure 19, define some of the  information bit field as L-SIG  repetition, and define 

the remaining field as RL-SIG information, and transmit the new information for the 11ax. 

 

 

35



56-35 

 

 

<98> One example of embodiment of the present invention can be implemented in the form of 

recording media containing the executable command by the computer such as a program module run by a 

computer.   Computer-readable media can be any available medium that can be accessed by a computer, and 

includes both volatile and non-volatile media, as well as detachable and non-detachable media. In addition, 

computer-readable media may include both computer storage media and communication media. Computer 

storage media include both volatile and non-volatile, detachable and non-detachable media implemented by 

any method or technique for storing information, such as computer-readable commands, data structures, 

program modules, or other data. Communication media typically include computer readable commands, data 

structures, program modules, or other data of modulated data signals such as carriers, or other transmission 

mechanisms, and include any information transfer medium. 

<99> The methods and systems of the present invention have been described in connection with 

specific embodiments, but some or all of the components or actions may be implemented using a computer 

system with general-purpose hardware architecture. 

<100> The foregoing description of the present invention is for illustrative purposes only, and a person 

of ordinary knowledge in the technical field to which the invention belongs will be able to understand that the 

invention can easily be transformed into other concrete forms without altering its technical ideas or essential 

features. Therefore, the embodiments described above are illustrative in all respects and should be interpreted 

as not limited. For example, each component described as a single form   

 

36



56-36 

 

 

Submission Date: 6-29-2015 

may be implemented in a dispersed manner, and likewise, the components described as dispersed may 

be implemented in a combined form. 

The scope of this invention is expressed by the scope of the patent claims to be described later rather 

than by the above descriptions, and any alterations or changes derived from the meaning and scope of 

the patent claims and their equivalents shall be construed as included in this patent. 

【Explanation of codes】

<101> 
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【Scope of Patent Claims】 

【Claim 1】 

Methods, devices and systems for wireless LAN.
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[Summary] 

【Summary】 

The present invention relates to a device, system and wireless LAN communication method 

for wireless LAN, and according to the embodiment of the present invention, a method, a device and 

a system to automatically detect a wireless LAN transmitting and receiving mode may be provided. 

[Representative Diagram] 

Figure 13
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[Figure 5]  
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[Figure 22] 

N segments in time domain for additional mformation 
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[Figure 23] 
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[Figure 25] 
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