Exhibit 1001



a2 United States Patent
Seok

US010499431B2

US 10,499,431 B2
*Dec. 3,2019

10) Patent No.:
45) Date of Patent:

(54) CHANNEL ACCESS METHOD FOR VERY
HIGH THROUGHPUT (VHT) WIRELESS
LOCAL ACCESS NETWORK SYSTEM AND
STATION SUPPORTING THE CHANNEL
ACCESS METHOD

(71)  Applicant: LG ELECTRONICS INC., Seoul

(KR)
(72)

Inventor: Yong Ho Seok, Anyang-si (KR)

(73) LG ELECTRONICS INC., Seoul

KR)

Assignee:

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

This patent is subject to a terminal dis-

claimer.

(21) Appl. No.: 15/708,503

(22) Filed: Sep. 19, 2017

(65) Prior Publication Data

US 2018/0027592 Al Jan. 25, 2018

Related U.S. Application Data

Continuation of application No. 15/357,438, filed on
Nov. 21, 2016, now Pat. No. 9,788,346, which is a

(Continued)

(63)

(30) Foreign Application Priority Data

Jun. 18, 2008  (KR) .o 10-2008-0057246

(51) Int. CL
HO4W 4/20
HO4W 74/08

(2018.01)

(2009.01)
(Continued)
(52) U.S.CL

CPC ... HO04W 74/0816 (2013.01); HO4W 72/0446

(2013.01); HO4W 74/006 (2013.01)

(58) Field of Classification Search
CPC .. HO4AW 72/0446; HOAW 4/20; HO4W 74/006
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
5,721,725 A 2/1998 Want et al.

6,393,032 Bl 5/2002 Tkegami

(Continued)

FOREIGN PATENT DOCUMENTS

JP 2003-348641 A 12/2003
JP 2006-352844 A 12/2006
(Continued)

OTHER PUBLICATIONS

Xu et al., “Performance Comparison between Channel-Bonding and
Multi-Channel CSMA”, Wireless Communications and Networking
Conference, 2007. WCNC 2007, IEEE, Mar. 11, 2007, pp. 406-411.

Primary Examiner — Gregory B Sefcheck

Assistant Examiner — Jael M Ulysse

(74) Attorney, Agent, or Firm — Birch, Stewart, Kolasch
& Birch, LLP

(57) ABSTRACT

A method for transmitting data in a wireless communication
system, the method includes transmitting, by a first station,
a plurality of request to send (RTS) frames to a second
station through a plurality of subchannels, each of the
plurality of RTS frames being transmitted through a corre-
sponding one of the plurality of subchannels, each of the
plurality of subchannels having a 20 megahertz (MHz)
bandwidth; receiving, by the first station, at least one clear
to send (CTS) frame in response to at least one of the
plurality of RTS frames from the second station through at
least one idle subchannel of the plurality of subchannels; and
transmitting, by the first station, a data frame to the second
station after receiving the at least one CTS frame, wherein
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CHANNEL ACCESS METHOD FOR VERY
HIGH THROUGHPUT (VHT) WIRELESS
LOCAL ACCESS NETWORK SYSTEM AND
STATION SUPPORTING THE CHANNEL
ACCESS METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This Application is a Continuation of U.S. patent appli-
cation Ser. No. 15/357,438 filed on Nov. 21, 2016 (now U.S.
Pat. No. 9,788,346 issued Oct. 10, 2017), which is a Con-
tinuation of U.S. patent application Ser. No. 14/800,425 filed
on Jul. 15, 2015 (now U.S. Pat. No. 9,526,114 issued on
Dec. 20, 2016), which is a Continuation of U.S. patent
application Ser. No. 14/579,286 filed on Dec. 22, 2014 (now
U.S. Pat. No. 9,107,222 issued on Aug. 11, 2015), which is
a Continuation of U.S. patent application Ser. No. 12/999,
836 filed on Dec. 17, 2010 (now U.S. Pat. No. 8,989,158
issued on Mar. 24, 2015), which is the National Phase of
PCT International Application No. PCT/KR2009/003264
filed on Jun. 18, 2009, which claims the benefit under 35
U.S.C. § 119(a) to Korean Patent Application No. 10-2008-
0057246 filed on Jun. 18, 2008, all of which are hereby
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band of 2.4 GHz. In addition, the IEEE 802.11a has
improved the data rate to up to 54 Mbps by using the OFDM
technology. Disadvantageously, however, the IEEE 802.11a
has a shorter communication distance than the IEEE
802.11b. Similarly to the IEEE 802.11b, the IEEE 802.11g
realizes the data rate of up to 54 Mbps by using the
frequency band of 2.4 GHz. Due to its backward compat-
ibility, the IEEE 802.11g is drawing attention, and is advan-
tageous over the IEEE 802.11a in terms of the communica-
tion distance.

The IEEE 802.11n is a technical standard relatively
recently introduced to overcome a limited data rate which
has been considered as a drawback in the WLAN. The IEEE
802.11n is devised to increase network speed and reliability
and to extend an operational distance of a wireless network.
More specifically, the IEEE 802.11n supports a high
throughput (HT), i.e., a data processing speed of up to 540
Mbps at a frequency band of 5 GHz, and is based on a
multiple input and multiple output (MIMO) technique which
uses multiple antennas in both a transmitter and a receiver to
minimize a transmission error and to optimize a data rate. In
addition, this standard may use a coding scheme which
transmits several duplicated copies to increase data reliabil-
ity and also may use the OFDM to support a higher data rate.

express]y jncorporated by reference into the present app]i- 25 Meanwhjle, a basic access mechanism of an IEEE 802.11
cation. medium access mechanism (MAC) is a carrier sense mul-
tiple access with collision avoidance (CSMA/CA) combined

BACKGROUND OF THE INVENTION with binary exponential backoff. The CSMA/CA mechanism

is also referred to as a distributed coordinate function (DCF)

Field of the Invention 30 of the IEEE 802.11 MAC, and basically employs a “listen

The present invention relates to a wireless local access before talk” access mechanism. In this type of access
network (WLAN), and more particularly, to a channel access mechanism, a station (STA) listens a wireless channel or
mechanism in a very high throughput (VHT) WLAN system medium before starting transmission. As a result of listening,
and a station supporting the channel access mechanism. if it is sensed that the medium is not in use, a listening STA

Discussion of the Related Art 35 starts its transmission. Otherwise, if it is sensed that the

With the advancement of information communication medium is in use, the STA does not start its transmission but
technologies, various wireless communication technologies enters a delay duration determined by the binary exponential
have recently been developed. Among the wireless commu- backoff algorithm.
nication technologies, a wireless local access network The CSMA/CA mechanism also includes virtual carrier
(WLAN) is a technology whereby super high-speed Internet 40 sensing in addition to physical carrier sensing in which the
access is possible in a wireless fashion in homes or busi- STA directly listens the medium. The virtual carrier sensing
nesses or in a region providing a specific service by using a is designed to compensate for a limitation in the physical
portable terminal such as a personal digital assistant (PDA), carrier sensing such as a hidden node problem. For the
a laptop computer, a portable multimedia player (PMP), etc. virtual carrier sending, the IEEE 802.11 MAC uses a net-

Ever since the institute of electrical and electronics engi- 45 work allocation vector (NAV). The NAV is a value trans-
neers (IEEE) 802, i.e., a standardization organization for mitted by an STA, currently using the medium or having a
WLAN technologies, was established in February 1980, right to use the medium, to anther STA to indicate a
many standardization works have been conducted. In the remaining time before the medium returns to an available
initial WLAN technology, a frequency of 2.4 GHz was used state. Therefore, a value set to the NAV corresponds to a
according to the IEEE 802.11 to support a data rate of 1 to so duration reserved for the use of the medium by an STA
2 Mbps by using frequency hopping, spread spectrum, transmitting a corresponding frame.
infrared ray communication, etc. Recently, the WLAN tech- One of procedures for setting the NAV is a exchange
nology can support a data rate of up to 54 Mbps by using procedure of a request to send (RTS) frame and a clear to
orthogonal frequency division multiplex (OFDM). In addi- send (CTS) frame. The RTS frame and the CTS frame
tion, the IEEE 802.11 is developing or commercializing 55 include information capable of delaying transmission of
standards of various technologies such as quality of service frames from receiving STAs by reporting upcoming frame
(QoS) improvement, access point (AP) protocol compatibil- transmission to the receiving STAs. The information may be
ity, security enhancement, radio resource measurement, included in a duration filed of the RTS frame and the CTS
wireless access in vehicular environments, fast roaming, frame. After performing the exchange of the RTS frame and
mesh networks, inter-working with external networks, wire- 60 the CTS frame, a source STA transmits a to-be-transmitted
less network management, etc. frame to a destination STA.

In the IEEE 802.11, the IEEE 802.11b supports a data rate FIG. 1 is a diagram showing an IEEE 802.11 MAC
of up to 11 Mbps by using a frequency band of 2.4 GHz. The architecture including a DCF. Referring to FIG. 1, a service
IEEE 802.11a commercialized after the IEEE 802.11b uses of the DCF is used to provide a point coordination function
a frequency band of 5 GHz instead of the frequency band of 65 (PCF) and a hybrid coordination function (HCF). The HCF

2.4 GHz and thus significantly reduces influence of inter-
ference in comparison with the very congested frequency

includes an enhanced distributed channel access (EDCA)
and an HCF controller channel access (HCCF). The HCF
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does not exist in an STA not supporting quality of service
(QoS). On the other hand, both the DCF and the HCF exist
in an STA supporting QoS. The PCF is an arbitrary function
in all STAs. Details of the DCF, PCF, EDCA, and HCCF are
disclosed in section 9 of the “MAC sublayer function
description” in the IEEE 802.11-REVma/D9.0 October 2006
standard, and thus descriptions thereof will be omitted
herein. The contents of the above standard are incorporated
herein by reference.

With the widespread use of WLAN and the diversification
of applications using the WLAN, there is a recent demand
for anew WLAN system to support a higher throughput than
a data processing speed supported by the IEEE 802.11n.
However, an IEEE 802.11n medium access control (MAC)/
physical layer (PHY) protocol is not effective to provide a
throughput of 1 Gbps or more. This is because the IEEE
802.11n MAC/PHY protocol is designed for an operation of
a single STA, that is, an STA having one network interface
card (NIC), and thus when a frame throughput is increased
while maintaining the conventional IEEE 802.11n MAC/
PHY protocol, a resultant additional overhead is also
increased. Consequently, there is a limitation in increasing a
throughput of a wireless communication network while
maintaining the conventional IEEE 802.11n MAC/PHY

—

0

5

[

0

4

The present invention also provides a channel access
method for allowing simultaneous channel access of a
plurality of VHT stations (STAs) in a VHT system.

The present invention also provides a new channel access
method for achieving an aggregate throughput of 1 Gbps or
more in a medium access control (MAC) service access
point (SAP) in a VHT system.

According to an aspect of the present invention, there is
provided a channel access method in a very high throughput
(VHT) system using a bonding channel consisting of a
plurality of subchannels, comprising: transmitting a request
to send (RTS) frame by one source station or each of a
plurality of source stations to a destination station through
any subchannel selected from the plurality of subchannels;
and in response to the received RTS frame, transmitting a
clear to send (CTS) frame by the destination station to one
source station selected from the plurality of source stations
through the bonding channel.

According to another aspect of the present invention,
there is provided a channel access method in a very high
throughput (VHT) system using a bonding channel consist-
ing of a plurality of subchannels, comprising: transmitting a
request to send (RTS) frame by a source station to a
destination station for each of the plurality of subchannels;

protocol, that is, a single STA architecture. 25 and transmitting a clear to send (CTS) frame by the desti-
Therefore, to achieve a data processing speed of 1 Gbps nation station to the source station through a subchannel in

or more in the wireless communication system, a new  which the RTS frame is successfully received.
system different from the conventional IEEE 802.11n MAC/ According to still another aspect of the present invention,
PHY protocol (i.e., single STA architecture) is required. A there is provided a channel access method in a very high
very high throughput (VHT) system is a next version of the 30 throughput (VHT) system using a bonding channel consist-
IEEE 802.11n WLAN system, and is one of IEEE 802.11 ing of a plurality of subchannels, comprising: transmitting a
WLAN systems which have recently been proposed to request to send (RTS) frame by one source station or each of
support a data processing speed of 1 Gbps or more in a MAC a plurality of source stations to a destination station through
service access point (SAP). The VHT system is named any subchannel selected from the plurality of subchannels;
arbitrarily. To provide a throughput of 1 Gbps or more, a 35 and in response to the received RTS frame, transmitting a
feasibility test is currently being conducted for the VHT clear to send (CTS) frame by the destination station to one
system using 4x4 MIMO and a channel bandwidth of 80 source station selected from the plurality of source stations
MHz. through the bonding channel, wherein the CTS frame com-
Meanwhile, a data processing speed of 1 Gbps or more, prises a list of subchannels to be used by the source station
which is set as a target throughput in a VHT system, denotes 40 that receives the CTS frame to transmit a subsequent frame.
an aggregate throughput. On the other hand, a target According to still another aspect of the present invention,
throughput in one-to-one communication between STAs is there is provided a channel access method in a very high
at least 500 Mbps in the VHT system. This implies that  throughput (VHT) system using a bonding channel consist-
performance or an offered load of an STA supporting VHT ing of a plurality of subchannels, wherein a source station
(hereinafter, simply referred to as a ‘VHT STA’) may not 45 transmits a request to send (RTS) frame to a destination
exceed 500 Mbps. In a case where the offered load of the  station by using any subchannel among the plurality of
VHT STA is less than 1 Gbps (e.g., 500 Mbps), the target subchannels or by using each of the plurality of subchannels.
throughput of the VHT system cannot be achieved when one According to still another aspect of the present invention,
VHT STA is allowed to use an entire channel similarly to the ~ there is provided a channel access method in a very high
conventional channel access method. 50 throughput (VHT) system using a bonding channel consist-
In addition, there is a problem in that efficiency is not high ing of a plurality of subchannels, wherein a request to send
in the aforementioned CSMA/CA channel access method (RTS) frame transmitted by a source station to a destination
used in the IEEE 802.11 WLAN. For example, a data station comprises a list of subchannels which are desired to
processing speed in a MAC SAP is only 50 to 60% of a data be used by the source station among the plurality of sub-

processing speed in a PHY SAP. Therefore, in order to 35 channels to transmit a subsequent frame.
achieve a data processing speed of 1 Gbps or more in the According to still another aspect of the present invention,
MAC SAP of the VHT system, the data processing speed of ~ there is provided a channel access method in a very high
the PHY SAP needs to be about 1.5 to 2 times higher than  throughput (VHT) system using a bonding channel consist-
1 Gbps. However, the conventional IEEE 802.11n PHY ing of a plurality of subchannels, wherein a clear to send
technique has difficulty in providing such a processing 60 (CTS) frame transmitted by a destination station to a receiv-
speed. ing station in response to a received request to send (RTS)
frame comprises a list of subchannels which are allowed to
SUMMARY OF THE INVENTION be used by the source station among the plurality of sub-
channels to transmit a subsequent frame.

The present invention provides a new channel access 65  An effective channel access mechanism is provided to

method for achieving an aggregate throughput of 1 Gbps or
more in a very high throughput (VHT) system.

improve usage efficiency of a bonding channel consisting of
a plurality of subchannels in a very high throughput (VHT)
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system using the bonding channel. In particular, according to
an embodiment of the present invention, access to another
subchannel is allowed not only in a case where one or more
VHT stations simultaneously request channel access but also
in a case where some of subchannels are used by a legacy
station, thereby enabling effective channel access.

BRIEF DESCRIPTION OF THE DRAWINGS

6
A VHT STA is defined as an STA that supports the super
high-speed data processing speed of 1 GHz or more in the
multi-channel environment to be described below.

The STA for wireless communication includes a processor
and a transceiver, and also includes a user interface, a
display element, etc. The processor is a functional unit
devised to generate a frame to be transmitted through a
wireless network or to process a frame received through the
wireless network, and performs various functions to control

FIG. 1 1sa d}agram showing an 1nst1tu?e of electrical and 10 STAs. The transceiver is functionally connected to the
electronics engineers (IEEE) 802'.11 m edium access control processor and is a functional unit devised to transmit and
(MAC) architecture including a distributed coordinate func- . £ for the STAs through the wireless network
tion (DCF). receive a frame for the ‘ .

FIG. 2 is a schematic view showing an exemplary struc- Among the STAs, non-AP STAs (ie, STAL, STA3,

. . STA4, STA6, STA7, and STAS8) are portable terminals
ture of a wireless local access network (WLAN) system 15 .
according to an embodiment of the present invention. operated by users. A non-AP STA may be simply referred to

FIG. 3 is a block diagram showing a multi-radio unifica- as an STA. Theb non-AP STA may also be referred to as a
tion protocol (MUP) as an example of a protocol applicable ~ Wireless tmn;mlt/re.celve unit (WTR_U)> a user equipment
to a very high throughput (VHT) system including a plu- (UE), a mobile station (MS), a mobile terminal, a mobile
rality of network interface cards (NICs) each having an 20 subscriber unit, etc. A non-AP VHT-STA is defined as a
independent radio interface. non-AP STA that supports the super high-speed data pro-

FIG. 4 is a diagram showing a channel access mechanism cessing speed of 1 GHz or more in the multi-channel
according to a first embodiment of the present invention. environment to be described below.

FIG. 5 is a diagram showing a channel access mechanism The AP (i.e., AP1 and AP2) is a functional entity for
according to a second embodiment of the present invention. 25 providing connection to the DS through a wireless medium

FIG. 6 is a diagram showing a channel access mechanism for an associated STA. Although communication between
according to a third embodiment of the present invention. non-AP STAs in an infrastructure BSS including the AP is

FIG. 7 is a diagram showing a channel access mechanism performed via the AP in principle, the non-AP STAs can
according to a fourth embodiment of the present invention. perform direct communication when a direct link is set up.

FIG. 8 is a diagram showing a channel access mechanism 30 In addition to the terminology of an access point, the AP may
according to a fifth embodiment of the present invention. also be referred to as a centralized controller, a base station

(BS), a node-B, a base transceiver system (BTS), a site

DETAILED DESCRIPTION OF THE controller, etc. A VHT AP is defined as an AP that supports
EMBODIMENTS the super high-speed data processing speed of 1 GHz or

35 more in the multi-channel environment to be described

FIG. 2 is a schematic view showing an exemplary struc- below.
ture of a wireless local access network (WLAN) system A plurality of infrastructure BSSs can be interconnected
according to an embodiment of the present invention. by the use of the DS. An extended service set (ESS) is a

Referring to FIG. 2, the WLAN system includes one or plurality of BSSs connected by the use of the DS. STAs
more basis service sets (BSSs). The BSS is a set of stations 40 included in the ESS can communicate with one another. In
(STAs) which are successfully synchronized to communi- the same ESS, a non-AP STA can move from one BSS to
cate with one another, and is not a concept indicating a another BSS while performing seamless communication.
specific region. A very high throughput (VHT) BSS is The DS is a mechanism whereby one AP communicates
defined as a BSS that supports a super high-speed data with another AP. By using the DS, an AP may transmit a
processing speed of 1 GHz or more. 45 frame for STAs associated with a BSS managed by the AP,

A VHT system including one or more VHT BSSs can use or transmit a frame when any one of the STAs moves to
a channel bandwidth of 80 MHz, which is for exemplary another BSS, or transmit a frame to an external network such
purposes only. For example, the VHT system may use a as a wired network. The DS is not necessarily a network, and
channel bandwidth of 60 MHz or 100 MHz or more. As has no limitation in its format as long as a specific distri-
such, the VHT system operates in a multi-channel environ- 50 bution service specified in the IEEE 802.11 can be provided.
ment where a plurality of subchannels having a specific size, For example, the DS may be a wireless network such as a
e.g., a channel bandwidth of 20 MHz, are included. mesh network, or may be a physical structure for intercon-

The BSS can be classified into an infrastructure BSS and necting APs.
an independent BSS (IBSS). The infrastructure BSS is FIG. 3 is a block diagram showing a multi-radio unifica-
shown in FIG. 2. Infrastructure BSSs (i.e., BSS1 and BSS2) 55 tion protocol (MUP) as an example of a protocol applicable
include one or more STAs (i.e., STA1, STA3, and STA4), to a VHT system including a plurality of network interface
access points (APs) which are STAs providing a distribution cards (NICs) each having an independent radio interface.
service, and a distribution system (DS) connecting a plural- Referring to FIG. 3, an STA supporting the MUP includes
ity of APs (i.e., AP1 and AP2). On the other hand, the IBSS aplurality of NICs. The NICs are separately depicted in FIG.
does not include APs, and thus all STAs are mobile STAs. In 60 3, which implies that each NIC independently operates a
addition, the IBSS constitutes a self-contained network since MAC/PHY module. That is, the NICs are distinctively
connection to the DS is not allowed. depicted in FIG. 3 to show that the NICs are logical entities

The STA is an arbitrary functional medium including a operating according to individual MAC/PHY protocols.
medium access control (MAC) and wireless-medium physi- Therefore, the plurality of NICs can be implemented with
cal layer (PHY) interface conforming to the institute of 65 physically distinctive functional entities, or can be imple-

electrical and electronics engineers (IEEE) 802.11 standard,
and includes both an AP and a non-AP STA in a broad sense.

mented by integrating the physical entities into one physical
entity.
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According to one aspect of the present embodiment, the
plurality of NICs can be classified into a primary radio
interface and one or more secondary radio interfaces. If a
plurality of secondary radio interfaces are present, the sec-
ondary radio interfaces can be classified into a first second-
ary radio interface, a second secondary radio interface, a
third secondary radio interface, etc. The classification into
the primary interface and the secondary interface and/or the
classification of the secondary ratio interface itself may be
determined by a policy or may be adoptively determined in
consideration of a channel environment.

The plurality of NICs are integrally managed according to
the MUP. As a result, the plurality of NICs are externally
recognized as if they are one device. For this, the VHT
system includes a virtual-MAC (V-MAC). Through the
V-MAC, an upper layer cannot recognize that a multi-radio
channel is operated by the plurality of NICs. As such, in the
VHT system, the upper layer does not recognize the multi-
radio channel through the V-MAC. This means that one

—

0

5

8

Consequently, upon receiving the CTS frame, the source
VHT STA starts transmission of the data or the like to the
destination VHT STA according to a predetermined proce-
dure. In FIG. 4, a process of transmitting the data is also
indicated by a PLCP preamble, a PLCP header, and a single
PPDU. In this case, if the list of subchannels does not exist
in the RTS frame and/or the CTS frame, as shown in FIG.
4, the data or the like is transmitted by using the entire
bonding channel. Otherwise, if the list of subchannels exists,
the data or the like may be transmitted by using all or some
of subchannels included in the list.

As described above, according to the first embodiment of
the present invention, the RTS frame, the CTS frame, the
data frame, etc., are transmitted through the entire bonding
channel directly using the channel access mechanism based
on the conventional EDCA. As a modification of the first
embodiment, a list of subchannels to be used for transmis-
sion of the data frame or the like may be included in the RTS
frame and/or the CTS frame. If the list of subchannels is

virtual Ethernet address is provided. 20 included, the source VHT STA can transmit the data frame

Next, a channel allocation mechanism in a VHT system or the like to the destination VHT STA by using all or some
will be described according to embodiments of the present of subchannels of the list.
invention. Although the embodiments described below In a case where the RTS frame and the CTS frame are
relate to a VHT system using a bonding channel in which transmitted by using the entire bonding channel, the RTS
contiguous 4 subchannels having a bandwidth of 20 MHz 25 frame and the CTS frame are very small in size, and thus a
are combined (i.e., a bonding channel having a channel transmission time corresponds to only a few orthogonal
bandwidth of 80 MHz), this is for exemplary purposes only. frequency division multiplex (OFDM) symbols (e.g., 8 ?s
The embodiments described below can equally apply to a required for transmission of 6 Mbs). Optionally, the trans-
VHT system including a plurality of subchannels (e.g., 3 or mission time of the RTS frame and the CTS frame may be
5 or more subchannels), which is apparent to those skilled in 30 less than the PLCP preamble and the PLCP header. A
the art. In addition, the embodiments of the present inven- network overhead for the RTS frame and the CTS frame is
tion are not limited to the VHT system whose subchannel almost negligible.
has a bandwidth of 20 MHz. FIG. 5 is a diagram showing a channel access mechanism

FIG. 4 is a diagram showing a channel access mechanism in a VHT WLAN system according to a second embodiment
in a VHT WLAN system according to a first embodiment of 35 of the present invention. The present embodiment is an
the present invention. In the present embodiment, the con- example of a channel access mechanism for solving a
ventional channel access mechanism (e.g., enhanced distrib- problem of collision with a legacy STA in a VHT system in
uted channel access (EDCA) mechanism) is directly used for which a VHT STA coexists with the legacy STA, when the
an entire bonding channel, and it is assumed that a full conventional EDCA channel access mechanism is used as in
channel bandwidth is used by only one VHT STA. That is, 40 the first embodiment described above. Such a channel access
the entire bonding channel is used to exchange a request to mechanism can also be referred to as, for example, fre-
send (RTS) frame, a clear to send (CTS) frame, and data quency-selective EDCA.
between two VHT STAB performing communication with According to the aforementioned first embodiment, an
each other. entire bonding channel cannot be used when the collision

Referring to FIG. 4, a source VHT STA or a transmitting 45 with the legacy STA occurs, which may result in significant
VHT STA, which intends to transmit data, transmits an RTS throughput deterioration of the VHT system. If the VHT
frame by using the entire bonding channel. In FIG. 4, a STA is in use or one or more legacy STAs operates in any
process of transmitting the RTS frame is indicated by a subchannel among subchannels to be used, in order for the
physical layer convergence procedure (PLCP) preamble, a VHT STA to access to a channel including the subchannel or
PLCP header, and a single PLCP protocol data unit (PPDU). 50 to access to the entire bonding channel, all subchannels

Upon receiving the RTS frame, a destination VHT STA or constituting the channel or the bonding channel have to be
a receiving VHT STA transmits a CTS frame also by using unoccupied (or idle). That is, the VHT STA can successfully
the entire bonding channel. In FIG. 4, a process of trans- perform channel access only when the collision with the
mitting the CTS frame is also indicated by a PLCP preamble, legacy STA does not occur with respect to all subchannels
a PLCP header, and a single PPDU. 55 constituting the bonding channel.

When the RTS frame and the CTS frame are exchanged According to the present embodiment, a channel access
by using the entire bonding channel, subsequent data or the mechanism for transmitting an RTS frame for each subchan-
like is generally transmitted also by using the entire bonding nel is used to prevent a problem of throughput deterioration
channel. However, according to an aspect of the present caused by the collision with the legacy STA. That is, a
embodiment, the RTS frame and/or the CTS frame may 60 source VHT STA transmits the RTS frame for each sub-
include a list of subchannels to be used for transmission of channel instead of transmitting the RTS frame by using the
subsequent data or the like. As such, when the RTS frame entire bonding channel. If collision occurs with the legacy
and/or the CTS frame include the list of subchannels, a STA in any subchannel while the RTS frame for each
network allocation vector (NAV) is set only for a specific subchannel is transmitted, a destination VHT STA transmits
subchannel included in the list, and the source VHT STA 65 a CTS frame only for a subchannel in which no collision

transmits the data or the like to the destination VHT STA
only through the specific subchannel.

occurs, and as a result, the source VHT STA receives the
CTS frame only for the subchannel in which no collision
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occurs. Further, the source VHT STA transmits data or the
like only for a subchannel in which the CTS frame is
received.

Referring to FIG. 5, the source VHT STA or the trans-
mitting VHT STA (indicated by ‘STA1’ in FIG. 5), which
intends to transmit data, transmits an RTS frame by using the
entire bonding channel. In the present embodiment, the RTS
frame is transmitted for each subchannel by regarding each
subchannel as an independent channel, instead of regarding

10
second embodiment. More specifically, each VHT STA
intending to transmit data or the like transmits an RTS frame
by selecting any one subchannel or by using only one
subchannel according to a predetermined rule, instead of
transmitting the RTS frame by using the entire bonding
channel. That is, each VHT STA performs channel access by
using an EDCA scheme through selected or predetermined
one subchannel. As such, according to the present embodi-
ment, RTS frames are transmitted by using only one sub-

the entire bondmg e hannel as one channel. In FIG. 5, a 10 channel, and thus even if a plurality of VHT STAs simul-
process of transmitting the RTS frame for each subchannel Iy t it the RTS fi s collision between th
is indicated by a PLCP preamble, a PLCP header, and a taneously transmt the rames, colusion between the
. RTS frames can be prevented or avoided.
single PPDU for each subchannel. o
However, according to the present embodiment, among Upon recel,“n{% the RTS frames from or.le' or more VHT
all subchannels, a 2nd subchannel and a 4th subchannel are 15 STAs, a destination VHT STA or a receving VHT STA
used by the legacy STA. The 2nd subchannel and the 4th transmits a CTS frame as a response by selecting one of the
subchannel may be in use by different legacy STAs. received RTS frames, that is, by selecting one VHT STA
Although the 2nd subchannel and the 4th subchannel are from the VHT STAs transmitting the RTS frames. In this
used by the legacy STA herein, this is for exemplary case, the CTS frame can be transmitted through the entire
purposes only, and thus the embodiment of the present 20 bonding channel or, as in the aforementioned second
invention is not limited thereto. If the 2nd subchannel and embodiment, can be transmitted for each corresponding
the 4th subchannel are already being used, RTS frames subchannel. In the latter case, the CTS frame is transmitted
transmitted through these subchannels may be unsuccess- for each subchannel through the entire bonding channel
fully transmitted due to collision, and a destination VHT instead of using only a subchannel identical to the subchan-
STA may successfully receive RTS frames transmitted 25 nel in which the selected RTS frame is transmitted. In
through a 1st subchannel and a 3rd subchannel. addition, according to the present embodiment, the VHT
Upon receiving the RTS frames through all or some of STA which has received the CTS frame, i.e., the destination
subchannels, the destination VHT STA or the receiving VHT VHT STA of the CTS frame, uses the entire bonding channel
STA transmits a CTS frame for each subchannel by using when intending to transmit data or the like in a subsequent
corresponding subchannels. In FIG. 5, a process of trans- 30 procedure.
mitting the CTS frame is indicated by a PLCP preamble, a Referring to FIG. 6, source VHT STAs or transmitting
PLCP header, and a single PPDU in the 1st and 3rd sub- VHT STAs (indicated by ‘STA1” and ‘STA2’ in FIG. 6),
channels. which intend to transmit data, transmit RTS frames through
Upon receiving the CTS frame through the 1st and 3rd any respective subchannels. For example, this may be a case
subchannels, the source VHT STA transmits data or the like 35 where backoff timers of the STA1 and the STA2 are simul-
by using corresponding subchannels (i.e., the 1st and 3rd taneously expired. It is shown in FIG. 6 that the STA1 uses
subchannels). In FIG. 5, a process of transmitting the data a Ist subchannel and the STA2 uses a 3rd subchannel, which
through the 1st and 3rd subchannels is indicated by a PLCP is for exemplary purposes only. According to the present
preamble, a PLCP header, and a single PPDU in the 1st and embodiment, preferably, the STA1 and the STA2 transmit
3rd subchannels. 40 the RTS frames by using different subchannels, and the
FIG. 6 is a diagram showing a channel access mechanism subchannels can be determined without any restriction.
in a VHT WLAN system according to a third embodiment When the STA1 and the STA2 transmit the RTS frames by
of the present invention. The present embodiment is an using different subchannels, collision between the RTS
example of a channel access mechanism for preventing frames can be prevented. In FIG. 6, a process of transmitting
collision between VHT STAB in a VHT system in which the 45 the respective RTS frames by the STA1 and the STA2
VHT STA coexists with a legacy STA or in a VHT BSS in through the different subchannels is indicated by a PLCP
which only the VHT STA exists. Such a channel access preamble, a PLCP header, and a single PPDU in the 1st and
mechanism can also be referred to as, for example, fre- 3rd subchannels.
quency-hopping EDCA. When the destination VHT STA or the receiving VHT
According to the aforementioned first embodiment, if the so STA receives separate RTS frames through Ist and 3rd
legacy STA occupies any one subchannel at a time for subchannels among all subchannels, the destination VHT
transmitting an RTS frame, the VHT STA cannot immedi- STA or the receiving VHT STA transmits a CTS frame as a
ately transmit data or the like by using an entire bonding response by selecting only one RTS frame. It is shown in
channel even after the use of the subchannel is finished. That FIG. 6 that an RTS frame received from the 1st VHT STA
is, only after the legacy STA finishes the use of the sub- 55 (i.e., STA1)is selected and thus the CTS frame is transmitted
channel, a procedure of exchanging the RTS frame and a to the STA1, which is for exemplary purposes only. In
CTS frame can begin. According to the aforementioned addition, according to the present embodiment, the CTS
second embodiment, the entire bonding channel cannot be frame is transmitted through the entire bonding channel. In
used for transmission of data or the like when collision FIG. 6, a process of transmitting the CTS frame is indicated
occurs with the legacy STA, and thus there is a disadvantage 60 by a PLCP preamble, a PLCP header, and a single PPDU in
in that a throughput of the VHT system deteriorates. the entire bonding channel, and the CTS frame is transmitted
According to the present embodiment, a channel access to the STAL.
mechanism in which one VHT STA transmits an RTS frame Upon receiving the CTS frame, the STA1 transmits data
by using only one subchannel is used to prevent a problem or the like by using the entire bonding channel. Therefore,
of transmission delay on data or the like, which may be 65 according to the present embodiment, channel usage effi-

caused in the first embodiment, or a problem of deterioration
in channel usage efficiency, which may be caused in the

ciency can be maximized when transmitting data of the like.
In FIG. 6, a process of transmitting the data through all
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subchannels is indicated by a PLCP preamble, a PLCP
header, and a single PPDU in the entire bonding channel.

As described in the aforementioned second embodiment
and in the present embodiment, if an RTS frame and/or a
CTS frame are transmitted by using only one subchannel, a
transmission time of the RTS frame and the CTS frame is
relatively increased. However, since the RTS frame is small
in size, a transmission overhead of the RTS frame is not
relatively large. On the other hand, according to the present
embodiment, RTS frames are transmitted by using only one
subchannel, and thus collision between the RTS frames can
be prevented. As a result, according to the present embodi-
ment, a possibility of collision between VHT STAB can be
reduced, and thus channel usage efficiency can also be
increased to that extent.

FIG. 7 is a diagram showing a channel access mechanism
in a VHT WLAN system according to a fourth embodiment
of the present invention. That is, as in the third embodiment,
the present embodiment also uses the frequency-hopping
EDCA. However, in the present invention, a CTS frame is
transmitted in a different manner from that described in the
third embodiment. The following description will focus on
different aspects from the third embodiment.

It is assumed in the aforementioned third embodiment that
only a VHT STA performs channel access. In this case, there
is no need to consider NAV setting in a legacy STA.
Therefore, in the aforementioned third embodiment, a CTS
frame is transmitted through an entire bonding channel when
the CTS frame is transmitted. By transmitting the CTS frame
in such a manner, a channel load caused by transmission of
the CTS frame can be reduce. However, if the CTS frame is
transmitted through the entire bonding channel, the legacy
STA cannot decode the CTS frame, and thus cannot set the
NAV during a time period determined by the CTS frame.
Accordingly, in the present embodiment, the CTS frame is
transmitted by using one subchannel.

According to another aspect of the present embodiment,
as described in the third embodiment, the CTS frame may be
transmitted for each subchannel constituting the bonding
channel. In this case, the CTS frame may include a sub-
channel list for indicating a specific subchannel for which
each VHT STA has a transmission opportunity. For example,
if transmission is allowed for one VHT STA, a list of
subchannels that can be used by the VHT STA may be
included in the CTS frame. Alternatively, if no subchannel
list is included, the VHT STA may have a transmission
opportunity for all subchannels.

FIG. 8 is a diagram showing a channel access mechanism
ina VHT WLAN system according to a fifth embodiment of
the present invention. The present embodiment is an
example of a channel access mechanism for preventing
collision between VHT STAs in a VHT system in which the
VHT STA coexists with a legacy STA or in a VHT BSS in
which only the VHT STA exists. The present embodiment
can be regarded as an application of the aforementioned
third and fourth embodiments. Such a channel access
mechanism can also be referred to as, for example, fre-
quency-hopping EDCA with dynamic channel allocation.

As in the third embodiment and the fourth embodiment,
according to the channel access mechanism using the fre-
quency-hopping EDCA, a destination VHT STA can simul-
taneously receive RTS frames from a plurality of UEs or can
receive an additional RTS frame through an unused sub-
channel. In this case, the present embodiment allows several
UEs to simultaneously transmit data or the like through
different subchannels by respectively transmitting CTS
frames to one or more UEs which have received the RTS

—
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frames. The CTS frame includes a list of subchannels to be
used when a corresponding UE transmits data or the like.
Referring to FIG. 8, source VHT STAs or transmitting
VHT STAs (indicated by ‘STA1” and ‘STA2’ in FIG. 8),
which intend to transmit data, transmit RTS frames through
any respective subchannels. For example, this may be a case
where backoff timers of the STA1 and the STA2 are simul-
taneously expired. It is shown in FIG. 8 that, to transmit an
RTS frame, the STA1 uses a 1st subchannel and the STA2

0 uses a 3rd subchannel, which is for exemplary purposes

only. According to the present embodiment, preferably, the
STA1 and the STA2 transmit the RTS frames by using
different subchannels, and the subchannels can be deter-
mined without any restriction. When the STA1 and the STA2
transmit the RTS frames by using different subchannels,
collision between the RTS frames can be prevented. In FIG.
8, a process of transmitting the respective RTS frames by the
STA1 and the STA2 through the different subchannels is
indicated by a PLCP preamble, a PLCP header, and a single

20 PPDU in the 1st and 3rd subchannels.

When the destination VHT STA or the receiving VHT
STA receives separate RTS frames through 1st and 3rd
subchannels among all subchannels, the destination VHT
STA or the receiving VHT STA transmits a CTS frame as a
response with respect to all received RTS frames. It is shown
in FIG. 8 that two CTS frames are respectively transmitted
to the STA1 and the STA2 through the 1st and 3rd subchan-
nels for the respective RTS frames received from the STA1
and the STA2. In FIG. 8, a process of transmitting the CTS

30 frame is indicated by a PLCP preamble, a PLCP header, and

a single PPDU in each of the 1st and 3rd subchannels.
According to the present embodiment, a list of subchan-
nels to be used by the STAL1 to transmit subsequent data or
the like is included in a CTS frame to be transmitted to the
STA1. According to the present invention, 1st and 2nd
subchannels are included in the list, which is for exemplary
purpose only. In addition, the list of subchannels to be used
by the STA2 to transmit subsequent data or the like is also
included in a CTS frame to be transmitted to the STA2.

40 According to the present embodiment, 3rd and 4th subchan-

nels are included in the list, which is for exemplary purpose
only.

Upon receiving the CTS frame, each of the STA1 and the
STA2 transmits data or the like to the destination STA
through a subchannel included in the subchannel list of the
received CTS frame. The STA1 and the STA2 can simulta-
neously transmit the data or the like. In FIG. 8, a process of
transmitting the data through 1st and 2nd subchannels of the
1st VHT STA and transmitting the data through 1st and 2nd

50 subchannels of the 2nd VHT STA is indicated by a PLCP

preamble, a PLCP header, and a single PPDU in the 1st and
2nd subchannels and the 3rd and 4th subchannels.
According to the embodiment of the present invention, a
plurality of VHT STAs or a VHT STA and a legacy STA can
transmit data or the like by using an entire bonding channel.
In addition, according to the embodiment of the present
invention in which a CTS frame includes a list of subchan-
nels to be used, a VHT STA for using each subchannel can
be adaptively determined by considering all conditions at the

60 request of a plurality of VHT STAs. Therefore, according to

the present embodiment, channel usage efficiency can be
improved when transmitting data or the like.
What is claimed is:
1. A method for a wireless communication system, the
method comprising:
receiving, by a first station, a plurality of request to send
(RTS) frames from a second station through a plurality
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of subchannels, each of the plurality of RTS frames
being received through a corresponding one of the
plurality of subchannels, each of the plurality of sub-
channels having a 20 megahertz (MHz) bandwidth;
transmitting, by the first station, at least one clear to send
(CTS) frame in response to at least one of the plurality
of RTS frames to the second station, through at least
one idle subchannel of the plurality of subchannels,
each of the at least one CTS frame being transmitted

5

14

6. The device of claim 4, wherein the number of the at
least one idle subchannel is 1 or 2 when the number of the
plurality of subchannels is 2.

7. A method for a wireless communication system, the
method comprising:

receiving, by a first station, a plurality of request to send

(RTS) frames from a second station through a plurality
of subchannels, each of the plurality of RTS frames
being received through a corresponding one of the

through a corresponding one of the at least one idle 10 plurality of subchannels, each of the plurality of sub-
subchannel; and channels having a 20 megahertz (MHz) bandwidth;
receiving, by the first station, a data frame from the transmitting, by the first station, at least one clear to send
second station after transmitting the at least one CTS (CTS) frame in response to at least one of the plurality
frame, 15 of RTS frames to the second station through at least one
wherein each of the at least one CTS frame includes idle subchannel of the plurality of subchannels, each of
channel information related to the at least one idle the at least one CTS frame being transmitted through a
subchannel through which the at least one CTS frame corresponding one of the at least one idle subchannel;
is transmitted by the first station, and the data frame is and
received through the at least one idle subchannel indi- 20  receiving, by the first station, a data frame from the
cated by the channel information, and second station after transmitting the at least one CTS
wherein a number of the at least one idle subchannel frame,
through which the at least one CTS frame is transmitted wherein each of the at least one CTS frame includes
is equal to or less than a number of the plurality of channel information related to all of the at least one idle
subchannels through which the plurality of RTS frames 25 subchannel through which the at least one CTS frame
are received. is transmitted by the first station, and the data frame is
2. The method of claim 1, wherein the number of the at received through the at least one idle subchannel indi-
least one idle subchannel is 1, 2 or 4 when the number of the cated by the channel information, and
plurality of subchannels is 4. wherein a number of the at least one idle subchannel
3. The method of claim 1, wherein the number of the at >° through which the at least one CTS frame is transmitted
least one idle subchannel is 1 or 2 when the number of the is equal to or less than a number of the plurality of
plurality of subchannels is 2. subchannels through which the plurality of RTS frames
4. A device comprising: are received.
a transceiver; and 55 8 The method of claim 7, wherein the number of the at
a processor operatively connected to the transceiver and least one idle subchannel is 1, 2 or 4 when the number of the
configured to: plurality of subchannels is 4.
instruct the transceiver to receive a plurality of request 9. The method of claim 7, wherein the number of the at
to send (RTS) frames from a station through a least one idle subchannel is 1 or 2 when the number of the
plurality of subchannels, each of the plurality of RTS 4o plurality of subchannels is 2.
frames being received through a corresponding one 10. A device comprising:
of the plurality of subchannels, each of the plurality a transceiver; and
of subchannels having a 20 megahertz (MHz) band- a processor operatively connected to the transceiver and
width, configured to:
instruct the transceiver to transmit at least one clear to 45  instruct the transceiver to receive a plurality of request to
send (CTS) frame in response to at least one of the send (RTS) frames from a station through a plurality of
plurality of RTS frames to the station, through at subchannels, each of the plurality of RTS frames being
least one idle subchannel of the plurality of subchan- received through a corresponding one of the plurality of
nels, each of the at least one CTS frame being subchannels, each of the plurality of subchannels hav-
transmitted through a corresponding one of the at so0 ing a 20 megahertz (MHz) bandwidth,
least one idle subchannel, and instruct the transceiver to transmit at least one clear to
instruct the transceiver to receive a data frame from the send (CTS) frame in response to at least one of the
station after transmitting the at least one CTS frame, plurality of RTS frames to the station through at least
wherein each of the at least one CTS frame includes one idle subchannel of the plurality of subchannels,
channel information related to the at least one idle 55 each of the at least one CTS frame being transmitted
subchannel through which the at least one CTS frame through a corresponding one of the at least one idle
is transmitted by the device, and the data frame is subchannel, and
received through the at least one idle subchannel indi- instruct the transceiver to receive a data frame from the
cated by the channel information, and station after transmitting the at least one CTS frame,
wherein a number of the at least one idle subchannel 60  wherein each of the at least one CTS frame includes
through which the at least one CTS frame is transmitted channel information related to all of the at least one idle
is equal to or less than a number of the plurality of subchannel through which the at least one CTS frame
subchannels through which the plurality of RTS frames is transmitted by the device, and the data frame is
are received. received through the at least one idle subchannel indi-
5. The device of claim 4, wherein the number of the at 65 cated by the channel information, and

least one idle subchannel is 1, 2 or 4 when the number of the
plurality of subchannels is 4.

wherein a number of the at least one idle subchannel
through which the at least one CTS frame is transmitted

Ex. 1001 - TCL Indus Holdings Co., Ltd.
TCL Indus Holdings Co., Ltd v. LGE - [PR2023-00869
Page 17 of 18



US 10,499,431 B2

15

is equal to or less than a number of the plurality of
subchannels through which the plurality of RTS frames
are received.

11. The device of claim 10, wherein the number of the at
least one idle subchannel is 1, 2 or 4 when the number of the
plurality of subchannels is 4.

12. The device of claim 10, wherein the number of the at
least one idle subchannel is 1 or 2 when the number of the
plurality of subchannels is 2.

13. A method for a wireless communication system, the

16

14. The method of claim 13, wherein the number of the
plurality of subchannels is 4.

15. A device comprising:

a transceiver; and

a processor operatively connected to the transceiver and
configured to:

instruct the transceiver to receive a plurality of request to
send (RTS) frames from a second station through a
plurality of subchannels, each of the plurality of RTS

method comprising: 10 frames being received through a corresponding one of
receiving, by a first station, a p]ura}ity of request to sepd the plurality of subchannels, each of the plurality of
(RTS) frames from a second station through a plurality subchannels having a 20 megahertz (MHz) bandwidth;
gf . subchanpe];, iiCh (I’lf the plurahtydjof RTS fr?mﬁs instruct the transceiver to transmit a plurality of clear to
Elrlagli rec(ffl'vsibcthar?llllgls Z accﬂrroefSltJl?él lr:]%aloi?e oci)“ sf]b? s send (CTS) frames in response to at least one of the
Ic)hanne;[lys having a 20 mégahe 7 (MHI;) banc%,wi dih: plurah:ty of RTS frames to the second statior} through a
transmitting, by the first station, a plurality of clear to send pll-lurahtly of lile EUEChm]lels, of ;hz,?éu?llw ofb51'1b-
(CTS) frames in response to at least one of the plurality channe’s, ga;r N 1: ¢ plur “y; rfanl}les 1emlg
of RTS frames to the second station through a plurality Frans;n.ldttle tbo}lll 8 aﬁorre;p onding one of the plural-
of idle subchannels of the plurality of subchannels, 20 | 1ty of 1dle subchanne’s; and
each of the plurality of CTS frames being transmitted instruct the transceiver to receive a data frame from the
through a corresponding one of the plurality of idle second station after transmitting the plurality of CTS
subchannels; and hfran.les, h of the plurali " § includ
receiving, by the first station, a data frame from the w Eifem elzag fo cp urela 1%0 (EI;FS ]ram]e?s mch dTS
second station after transmitting the plurality of CTS 25 channel mformation related to the plurality of idle
frames, subchannel.s through which Fhe plurality of CTS framejs
wherein each of the plurality of CTS frames includes are ?ransm]tted by the deY1ce, apd the data frame 15
channel information related to the plurality of idle received through the p_lurahty Qf idle subchannels indi-
subchannels through which the plurality of CTS frames catefl by the channel mformatp 1, and
are transmitted by the first station, and the data frame 30 wherein a nurpber of the Plurahty of idle subchannels
is received through the plurality of idle subchannels th{*ougl? which the plurality of CTS frames are trans-
indicated by the channel information, and mitted is equal to or less thar} a number of the plurality
wherein a number of the plurality of idle subchannels ?ja;izciz;n;l:‘slzi‘tgaough which the plurality of RTS
through which the plurality of CTS fi trans- ;
ough which the piurality o rames are trams 35 16. The device of claim 15, wherein the number of the

mitted is equal to or less than a number of the plurality
of subchannels through which the plurality of RTS
frames are received.

plurality of subchannels of 4.

* & * * *
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