METHOD AND APPARATUS FOR TRANSMITTING DATA WITH DOWN
COMPATIBILITY IN HIGH THROUGHPUT WIRELESS NETWORK
TECHNICAL FIELD [01] Methods and apparatuses consistent with the
present invention relate to transmitting and receiving legacy format data
in a high throughput wireless network. Background Art [02] Recently, there
has been an increasing demand for ultra high-speed communication
networks due to widespread public use of the Internet and a r%})id
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100 Mbps. Thus, high-speed Ethernet transmission has gained popularity
and wide spread use. C E@HMGA%EA&I&D{': into a gigabit-speed
Ethernet is under way. An increasing interest in the wireless network

[01] 00”“eCtmtﬁBQSCQHH“%Bﬁ?aI{BEEP%H&%@%fﬁS%CBﬂé&?ﬂﬁvenﬁon relate to

development of wireless LANs (WLANSs), and greatly increased availability

transnﬂttWé—é\Nsrége%'ﬂéqg%?@ BERQUER L5 qfi WLAYS MY FEAUES network.

performance due to lower transmission rate and poorer stability as

compared to wired LANS, gg‘agvﬁﬁgr)l advantages, including

wireless networking capability, t ﬁ?‘é\nd so on. Accordingly,

WLAN markets have been gradually growing. [03] Due to the need for a
[02] higher trBesmibsitrerateabet the develvprgelenoing ifetedsathagisapission

technology, the initial Institute of Electrical and Electronics Engineers
comm(iEEEPIBOR W drksahutardyvdairhesgdauilibs astrafisiednatmef ddom2agidgssrease in

has evolved into advanced standards including IEEE 802.1 la, 802.1 Ib
the anga g2 1dipbihe Bie@o2ldtigSstandasd atratet wilikeSlaAiNahsmisgionin the

rate of 6 to 54 Mbps in the 5 GHz-National Information Infrastructure 1
late 1980s, the data transmission rate over the Internet has drastically increased from about 1
Mbps to about 100 Mbps. Thus, high-speed Ethernet transmission has gained popularity and
wide spread use. Currently, intensive research into a gigabit-speed Ethernet is under way. An
increasing interest in the wireless network connection and communication has triggered
research into and development of wireless LANs (WLANSs), and greatly increased availability
of WLANS to consumers. Although use of WLANs may reduce performance due to lower
transmission rate and poorer stability as compared to wired LANs, WLANs have various
advantages, including wireless networking capability, greater mobility and so on. Accordingly,
WLAN markets have been gradually growing.
[03] Due to the need for a higher transmission rate and the development of wireless
transmission technology, the initial Institute of Electrical and Electronics Engineers (IEEE)
802.11 standard, which specifies a transfer rate of 1 to 2 Mbps, has evolved into advanced

standards including IEEE 802.11a, 802.11b and 802.11g. The IEEE 802.11g standard, which

utilizes a transmission rate of 6 to 54 Mbps in the 5 GHz-National Information Infrastructure



(NII) band, uses orthogonal frequency division multiplexing (OFDM) as its
transmission technology. With an increasing public interest in OFDM
transmission and use of a 5 GHz- band, much greater attention is been
paid to the IEEE 802.11g standard and OFDM transmission technology
than to other wireless standards. [04] Recently, wireless Internet services
(NII) bisidguééEdithogoicalteet idiespoiy ishay enddepie AainEED M d soffereddnyission
Korea Telecommunication (KT) Corporation of Korea. Nespot services
techncddlgw Sdickeas iocileesintepablic sing & \EHARDAL conadingstiolEdd 8Q201 46 GHz-
standard, commonly called Wi-Fi (wireless fidelity). Communication
band, siacidgrelgdontvinelass data odo thn d&diih 825 1dm standhiodh dnave Fiekh
completed and promulgated or are being researched and discussed,
transninsiodeddlioe (godbabD it sidreiMitiides AcoeasddVCDMA), IEEE 802.11x,
Bluetooth, IEEE 802.15.3, etc., which are known as 3rd Generation (3G)
[04] commurReatiothystaivdbsdd nicneemestindsl ebiiendil EheapastdviNdegsst," have
data communication standard is IEEE 802.1 Ib, a series of IEEE 802.1 Ix.
been lAméké&Ea 803 Tchod/BlE ANrstahidecd numliversidai&iraksnpssionred@Korea. Nespot
maximum rate of 11 Mbps and utilizes the 2.4 GHz-Industrial, Scientific,
servicenalIMe dicais §| S cbbatetnethising areAdsS eddoedong sodidde@vtinddtandard,
electric field without permission. With the recent widespread use of the
comm{BBE 8021 Wa-WEANestsntldedit yykicmoeliversca standard sfoiatarcdtss afabd
Mbps in the 5 GHz-band by using OFDM, IEEE 802.1lg developed as an
commenrterisiorsyot¢he | BEEIBD® /¢ hacstandumidttor aidtprtramdgaisdionare then®. 4
GHz-band using OFDM and is intensively being researched. [05] The
resear@térk andtcaswo skl WHEANe WiikhGordedrvencly Meilip lwidebe 988 CbovMA), IEEE
utilize a carrier sensing multiple access (CSMA) method. According to the
802.1 BSKipemethdEEE R0deteinited whethee hrchvanaeBid inansetibth@G)
channel is not in use, that is, if the channel is idle, then data is
commraggtnittesthndatds.chesmelishdsly, ketransehission ofitdétss idatdtepnpradiication
after a predetermined period of time has elapsed. A carrier sensing
standamaluiiti P& EcEs $ With soitisiohlEEE 802.11x. An IEEE 802.11b WLAN standard

delivers data transmission at a maximum rate of 11 Mbps and utilizes the 2.4 GHz-Industrial,
Scientific, and Medical (ISM) band, which can be used below a predetermined electric field
without permission. With the recent widespread use of the IEEE 802.11a WLAN standard,
which delivers a maximum data rate of 54 Mbps in the 5 GHz-band by using OFDM, IEEE
802.11g developed as an extension to the IEEE 802.11a standard for data transmission in the
2.4 GHz-band using OFDM and is intensively being researched.

[05] The Ethernet and the WLAN, which are currently being widely used, both
utilize a carrier sensing multiple access (CSMA) method. According to the CSMA method, it
is determined whether a channel is in use. If the channel is not in use, that is, if the channel is
idle, then data is transmitted. If the channel is busy, retransmission of data is attempted after a
predetermined period of time has elapsed. A carrier sensing multiple access with collision

detection (CSMA/CD) method, which is an improvement of the CSMA method, is used in a



detection (CSMA/CD) method, which is an improvement of the CSMA
method, is used in a 2 wired LAN, whereas a carrier sensing multiple
access with collision avoidance (CSMA/CA) method is used in
packet-based wireless data communications. In the CSMA/CD method, a
station suspends transmitting signals if a collision is detected during
wired fra$nwasiens L£omiiarschsmighihkiflS MAemetlithd;oltisichn preidheeke@CSMA/CA)
whether a channel is occupied before transmitting data, in the CSMA/CD
methothathedd] the=iaticrm stdpéntsdrdasriasiomafasiomna B wee@SMVEdlidometbod, a
detected during the transmission of signals and transmits a jam signal to
statiorancifeerds tatimsmtiotingfergnatsaf theotictonrende cof dt ewatigsioms AvlitasictheCompared
transmission of the jam signal, the station has a random backoff period
with therNax ardhrestedis brarssohitikg wignits al nhthmeCiS MaIP D hbetoodrtnemitting
station does not transmit data immediately even after the channel
data, ibebo MENINI€RNOeHas] atharsdoimnbmskefids eransnfiors & predetaningen a collision
duration before transmission to avoid collision of signals. If a collision of
is detesigdalsrogruns dansngstiansriisgions aivk tdunsation ofatheigarad onatabkostation to
period is increased by two times, thereby further lowering a probability of
inforncdlligidre. j06)rTdneCHMAOHNismathAdi¢s diassifiedistonphlyhicgroarigeal, the
sensing and virtual carrier sensing. Physical carrier sensing refers to the
statiorphassicaingensingloffaptivie signaldan dnd resrelsssanseditung Mgnabl tather
sensing is performed such that information regarding duration of a
CSM AvieRiwmtbedLhaticaiiim sktctonatiredimactas sromatiokdMAGNprdtotat dedanc]
unit / physical (PHY) service data unit (MPDU/PSDU) and transmission of
becongatallis thé hatanealaftepache € stinmatddrdupetitetehamedapsedoibelerer, if
the MPDU/PSDU cannot be interpreted, the virtual carrier sensing
transnmethatoisnocheribsive atiogteds. (077 ¢BllEGOX $emgdsovides doviegagenfonission,
IEEE 802.1 la networks at 5 GHz and IEEE 802.11 g networks at 2.4 GHz
the dugape péhes atdoiorixdf offmotisdntincatesstobydesidintesy thereby further lowering

a probability of collision.

[06] The CSMA/CA method is classified into physical carrier sensing and virtual
carrier sensing. Physical carrier sensing refers to the physical sensing of active signals in the
wireless medium. Virtual carrier sensing is performed such that information regarding
duration of a medium occupation is set to a media access control (MAC) protocol data unit /
physical (PHY) service data unit (MPDU/PSDU) and transmission of data is then started after
the estimated duration has elapsed. However, if the MPDU/PSDU cannot be interpreted, the
virtual carrier sensing mechanism cannot be adopted.

[07] IEEE 802.11n provides coverage for IEEE 802.11a networks at 5 GHz and
IEEE 802.11g networks at 2.4 GHz and enables stations of various data rates to coexist. For
operating the stations of various data rates using the CSMA/CA method, the stations must

interpret MPDU/PSDU. However, some stations, that is, legacy stations, may not often



operating the stations of various data rates using the CSMA/CA method,
the stations must interpret MPDU/PSDU. However, some stations, that is,
legacy stations, may not often 3 process data transmitted/received at high
rates. In such a case, the legacy stations cannot perform virtual carrier
sensing. [08] FIG. 1 is a data structure of a related art format Physical
procedsaises CanviargehcecRedcedugh (RECH) Rikdiacok®ake Wpic{RPIDo)asannot
defined by the IEEE 802.1 la protocol. The PPDU includes a PLCP
perforheadenhodiRinygsicahg.ayer Service Data Unit (PSDU). A data rate field 3
and a data length field 4 are used to determine a length of a data field that
[08] follows tREG PLER deadenaithe PPBlkied het datasaRhfiedd]I apd Giendtatgence
length field 4 are also used to determine the time of the data being
Procedece(PédB) Hanscitieaatbiaie BPbEricasinfjnedtbaltheaifiEE S€2slig.piotocol. The
addition, in a case where a Message Protocol Data Unit (MPDU) is
PPDUaicctrétely Fli€ie déroier thnd RigsivelLRPE Seevida upd@ eld PYDICH. i4 dae rate
field among the header fields of the MPDU, is interpreted and the medium
field Jsnvdirtuddiy tetginiinkddterbadedsy deteemirxpdetethude tilate Peldatavfivhiews the
medium. In a case where a preamble field and a signal field of a PPDU
PLCPfhanderbditiy idithiVe d bealanlyaeritrid Susiy ihtedpretengtmEdia 4ray altennst to
data transmission by a backoff at a predetermined Extended Inter-Frame
detern8pade (i) tvhitha iscloggecdivad ar Distsibiited, Coorbjnedidor Burctiotual
(DCF) Inter-Frame Space (DIFS), so that fairness in media access of all
carriestatigng. dvaiEitionn iD € Faig ndteensuvkeds {99 Photacoé navaklnkedRINU) is
existing station using a conventional protocol or a legacy station and a
accurddiyhfilierod gtoputi{eiEy stetibARIOEX st RDoe 1By deydstatiorh maypdéeld among the
upgraded for transmission and reception of HT data. However, a legacy
headestatidndithe dbERts Mk gtetion auhthetmesfonm svinttiad Ibadétar senginig be busy
because these stations cannot interpret the "Dur/ID" field present in the
for an dargatdtlchenavapamsrdittbthant devsived: lopsthe dTe a preamble field and a signal

field of a PPDU frame being received are only erroneously interpreted, media may attempt
data transmission by a backoff at a predetermined Extended Inter-Frame Space (EIFS), which
is longer than a Distributed Coordination Function (DCF) Inter-Frame Space (DIFS), so that
fairness in media access of all stations available in DCF is not ensured.

[09] In a network where an existing station using a conventional protocol or a
legacy station and a High Throughput (HT) station coexist, the legacy station may be
upgraded for transmission and reception of HT data. However, a legacy station or a
conventional station cannot perform virtual carrier sensing because these stations cannot
interpret the "Dur/ID" field present in the data which was transmitted and received by the HT

station.

Technical Problem



station. Technical Problem 4 [10] FIG. 2 is a diagram illustrating that a
legacy station with a low transmission rate is incapable of performing
virtual carrier sensing when a plurality of stations having a variety of
transmission capabilities coexist. [11] A transmitter-side high throughput
station (abbreviated as transmitter-side HT STA) 101 is a station
[10] complyifyGvithighedibdenB8DRId dnipgatetaland, cpeiatingdthisifgratransmission
channel bonding technique or a multiple input multiple output (MIMO)
rate istechpidileoGieafuralingoniding tsuaienachsnismhignwipithadiayeoframesahaving a
simultaneously transmitted over two adjacent channels. In other words,
varietpof ardingiteianctqrabditsndieggechnique, since two adjacent channels
are bonded during data transmission, channel extension exists. The
[11] MIMO téchmiguetisrenidethixh diradghpivesatiay @blennateCimologyihat-side HT
electrically controls directivity using a plurality of antennas. Specifically, in
STA) a01NH M Qasiystenmpliyactiwivhishe HERER GO ismpratpiutatingd epartennasilyy a
narrowing a beam width, thereby forming a plurality of transmission paths
channthab adenptepeiglentrfaonubipdeanpdh exu Wipto ditpghy( MINEDS ttdmsquisidrannel
speed of a device that adopts the MIMO system increases as many times
bondigs itheeecdmantemnasdh dat NS systemuliantns skygearokmitted alatatizo
transmitted/received using the channel bonding or MIMO technique,
adjacepaipbinledsalionthecawoedd theotrbns toittetimacdibedddat de dutiqueapabbetwo
stations, i.e., legacy stations, cannot read the transmitted/received data.
adjaceRhyisivatlcareidosdebihgiepalblesranphysical. eyt ifemiEndviAS ByeMIMO
whether a channel is busy or idle by detecting whether the physical layer
technihyas iscoBivigpean p rddptoxmaimeyl deiesinafteebepliay thavedrcTihaldy tvatrols
physical carrier sensing is not associated with interpreting of data
directityapsiwiitted Enchhec efvadennas. Specifically, in an MIMO system, directivity is

enhanced using a plurality of antennas by narrowing a beam width, thereby forming a
plurality of transmission paths that are independent from one another. Accordingly, a data
transmission speed of a device that adopts the MIMO system increases as many times as there
are antennas in the MIMO system. In this regard, when data is transmitted/received using the
channel bonding or MIMO technique, capable stations can read the transmitted/received data
but incapable stations, i.e., legacy stations, cannot read the transmitted/received data. Physical
carrier sensing enables a physical layer to inform an MAC layer whether a channel is busy or
idle by detecting whether the physical layer has received a predetermined level of reception
power. Thus, the physical carrier sensing is not associated with interpreting of data
transmitted and received.

[12] If the transmitter-side HT STA 101 transmits HT data, a receiver-side HT STA
102 receives the HT data and transmits an HT acknowledgement (Ack) to the transmitter-side
HT STA 101 in response to the received HT data. An additional HT STA 103 is able to

interpret the HT data and the HT Ack. Assuming a duration in which the HT data and the HT



[12] If the transmitter-side HT STA 101 transmits HT data, a receiver-side
HT STA 102 receives the HT data and transmits an HT acknowledgement
(Ack) to the transmitter-side HT STA 101 in response to the received HT
data. An additional HT STA 103 is able to interpret the HT data and the
HT Ack. Assuming a duration in which the HT data and the HT 5 Ack are

Ack ateanamitieddndireceived, iisssetda ANélewbrkIddatationevtectidf ANA e thedium
medium is considered as being busy. Then, the additional HT STA 103

is conviddtsdaus daiiy BSsaftEh¢hetHapddindan NASHErlod ofdintyramdtiéhafter the
performs a random backoff, and finally transmits data. [13] Meanwhile, a

lapse dégadystapernaiDdf israestatiothaopeplying witimtiven Bick 0 2:4ddin80 (Taliymits
or 802.11g protocols but is incapable of interpreting HT data. Thus, after a

data. duration of the HT Ack is checked by physical carrier sensing, the legacy
station 201 waits for the duration of an EIFS and then perform a backoff.

[13] Thus, th¥agadylstatioga2 staaitsd0hgen sthanmthempsyatpmnsihtiat IERR02.11a,
transmitter-side HT STA 101, the receiver-side HT STA 102 and the

802.1 Bdditidf2al1HI BdidceBHbesore dpairlg assigmpattngdid, thercbhuadaieeselguration
affecting data transmission efficiency. [14] The IEEE 802.11 standard

of the $PEAfikssacberkedl rg phorisel framer sucingstha 14Ky saReq8stwaHS émcthe
(RTS) or a Clear-to-Send (CTS) frame, is transmitted at the same data

duratipatef ais FhESdaretthe previouns fréwmvkoHoWmwe thif gcostrobredponsds longer
frame cannot be transmitted at the same data rate as the directly

than offrevioumfranhef is.rthestrbes mattensitte dldt SlAgEsthate dniverbadcEERVICS 102
set (BSS) as specified in the IEEE 802.11 standard. In addition, unlike the

and thiegdyidonind dbka) 1108, HTfomthdias ddJigniammisla.ahdreby sihratdiglaecting
added thereto, which leads to an increase in the overhead of an PPDU,

data trvimichssary déiasetie ACK frame to result in deteriorated performance

compared to the legacy format PPDU. That is to say, the length of
[14] The IEEE 802.11 standard specifies a control response frame, such as an ACK,

a Request-to-Send (RTS) or a Clear-to-Send (CTS) frame, is transmitted at the same data rate
as the directly previous frame. However, if the control response frame cannot be transmitted
at the same data rate as the directly previous frame, it must be transmitted at a highest rate in a
basic service set (BSS) as specified in the IEEE 802.11 standard. In addition, unlike the
legacy format data, the HT data has HT preamble and HT signal fields added thereto, which
leads to an increase in the overhead of an PPDU, which may cause the ACK frame to result in
deteriorated performance compared to the legacy format PPDU. That is to say, the length of
the legacy format PPDU complying with the IEEE 802.11a standard is approximately 20 ps

while the length of a newly defined HT PPDU is 40 ps or greater.

Technical Solution

[15] Consequently, there exists a need for enhancing performance of network

utilization by transmitting legacy format data, e.g., an ACK frame, without an HT preamble



the legacy format PPDU complying with the IEEE 802.1 la standard is
approximately 20 s while the length of a newly defined HT PPDU is 40 s
or greater. Technical Solution [15] Consequently, there exists a need for
enhancing performance of network utilization by transmitting legacy
format data, e.g., an ACK frame, without an HT preamble 6 when a
when leggeyysiation cammatimteppeet datadisnsmeiitéd fram i Hatistatidiicvingh
may prevent virtual carrier sensing from being performed properly. [16]
preventhérprdsantiéngentiop fooowibkbs aprrébinmd dmc agaparatus for enabling
station with low capability to perform virtual carrier sensing when a
[16] plurality Dhstptioast vinveriete ogeiteous crfdakilitiet sgentstin farndnaldasy station
network. [17] The present invention also provides a method and apparatus
with Kow traapahilitingo sherfodatay fondlighueféicienoyngl 8jhaccordingloyanfaspeions with
of the present invention, there is provided a method of transmitting data in
heteroganérale sapabilviack ctivaxinethrod carysnsivgpaccessing a wireless network,
receiving first data using channel bonding, the first data transmitted from a
[17] station HEwngresouessedtihe wivelpss iesvonkediod tmadsipptiingisdoonchnsmitting
data to respective channels associated with the channel bonding, the
short deedodhigia figirgq clear-to-send (CTS) frame or a request-to- send
(RTS) frame. [19] According to yet another aspect of the present
[18] inventioM\dtrexbng pravidegtet olitbtess seatwovkmppathtus sormpvidetgaamethod of
receiving unit accessing a wireless network and receiving first data
transntrameiste drfromice ktatiovankindaosebse d chpnidnetess erstngrkwisihess network,
channel bonding, and a transmitting unit transmitting second data to
receivolgahinglslatesovizechavitie] thendearbt dondidwa thensevted tata beitgien having
clear-to-send (CTS) frame or a request-to-send
accessed the wireless network, and transmitting second data to respective channels associated

with the channel bonding, the second data being a clear-to-send (CTS) frame or a request-to-
send (RTS) frame.

[19] According to yet another aspect of the present invention, there is provided a
wireless network apparatus comprising a receiving unit accessing a wireless network and
receiving first data transmitted from a station having accessed the wireless network using
channel bonding, and a transmitting unit transmitting second data to channels associated with
the channel bonding, the second data being a clear-to-send (CTS) frame or a request-to-send

(RTS) frame.
Description of Drawings

[20] The above and other aspects of the present invention will become more
apparent by describing in detail exemplary embodiments thereof with reference to the
attached drawings in which:

[21] FIG. 1 is a schematic diagram of a related art format PPDU as defined by the

IEEE 802.11 protocol;



(RTS) frame. Description of Drawings [20] The above and other aspects of
the present invention will become more apparent by describing in detail
exemplary embodiments thereof with reference to the attached drawings
in which: [21] FIG. 1 is a schematic diagram of a related art format PPDU
as defined by the IEEE 802.11 protocol; 7 [22] FIG. 2 is a diagram
[22] illustratifyGhatisa detaoystdtionravity ahtow tegasynigsion wakeaifomaapabiesion
of performing virtual carrier sensing when a plurality of stations having a
rate isvacigiybdd triparoissiop capabititiescaexisy [RBFd@lBadkta diagrams having a
illustrating a method of transmitting a response frame according to an
variet e xé€ mplsuissinbodpatsiities texisesent invention; [24] FIGS. 4A and 4B are
diagrams illustrating data structures of a PPDU transmitted and received
[23] by an HFIStaflonp|@hpFa@ ilhuigrattiggranetishibedi ngraprocedurespomnshibiame
receiving unit transmits a legacy response frame when a transmitting unit
accordnggsmitseannkplacatanbsihgnehiamingdk hppadimginaccooding to an exemplary
embodiment of the present invention; [26] FIG. 6 is a diagram showing a
[24] procedurdGi wiAcimd 48caivihigaraibsralsmitmg dagacypcasponse b
when a transmitting unit transmits an HT data using channel bonding
transnagedraidgdceardthe apXEhplaugnembodiment of the present invention; [27]
FIG. 7 is a diagram showing a procedure in which a receiving unit
[25] transmitEl&.|6égaeyliespongd® rame wivendine trambivittingagmvirtgamshiitsnsmits a
an HT data without using channel bonding;
legacy response frame when a transmitting unit transmits an HT data using channel bonding

according to an exemplary embodiment of the present invention;
[26] FIG. 6 is a diagram showing a procedure in which a receiving unit transmits a
legacy response frame when a transmitting unit transmits an HT data using channel bonding
according to another exemplary embodiment of the present invention;
[27] FIG. 7 is a diagram showing a procedure in which a receiving unit transmits a
legacy response frame when the transmitting unit transmits an HT data without using channel
bonding;
[28] FIG. 8 is a schematic illustrating an HT station of transmitting legacy format
data according to an embodiment of the present invention; and
[29] FIG. 9 is a flowchart illustrating a procedure in which an HT station receives
an HT frame and transmits a legacy frame as a response frame according to an exemplary
embodiment of the present invention..

Mode for Invention
[30] The present invention and methods of accomplishing the same may be
understood more readily by reference to the following detailed description of exemplary

embodiments and the accompanying drawings. The present invention may, however, be



[28] FIG. 8 is a schematic illustrating an HT station of transmitting legacy
format data according to an embodiment of the present invention; and
[29] FIG. 9 is a flowchart illustrating a procedure in which an HT station
receives an HT frame and transmits a legacy frame as a response frame
according to an exemplary embodiment of the present invention.. Mode

embodadlnvenignd [B8tchhéopeseant shvekhtiost aadometned asdbiacg dimpleshingxit@plary
same may be understood more readily by reference to the following

embodletailedddsctipitoainf Rabmpiheye exebgdinyentdadichtinesace pnopadeying that this
drawings. The present invention may, however, be 8 embodied in many

discloslifteveitit e thas-@rgh shd vlehndt teencd matt delyasobedyg Hiidadeia ex e phantion to
embodiments set forth herein. Rather, these exemplary embodiments are

those ghidleidiedtbe dhatthishesekesuiewriltibe thironiyreaddfoamh pletbearpghemifled claims.
fully convey the concept of the invention to those skilled in the art, and

Like rtfierpresentigraénteder willibakldpedefiheculahidhetxppendédictaims. Like
reference numerals refer to like elements throughout the specification. [31]

[31] A method arthapparbippdatisdasmatiimgi@ing aedednry egagadgrimabdataa in
in an HT wireless network is described hereinafter with reference to

an HTflewdasy nithwstritio dssof i troeisdtaordih getereresripl e habbodinseatend of
the invention. It will be understood that each block of the flowchart

methoiflustcatidimg, @rckoopibinaidns] ohdlocksthe thediviwshbrviill bstratdenspcdnhat
be implemented by computer program instructions. These computer

each hiwoly drthadbtwadtiondlestmabensravidl ednibiagiatessbiook aig dmeflivptpose
computer, special purpose computer, or other programmable data

illustrggrong ssindappeicanesttol produvewempreiging) suthichanstliBhissteaotiors; program
which are executed via the processor of the computer or other

instrugsrogy amrbalpie vidtd torogeestngpappaigiug atreapesmeampitar, special purpose
implementing the functions specified in the

computer, or other programmable data processing apparatus to produce a machine, such that

the instructions, which are executed via the processor of the computer or other programmable
data processing apparatus, create means for implementing the functions specified in the
flowchart block or blocks.

[32] These computer program instructions may also be stored in a computer usable
or computer-readable memory that can direct a computer or other programmable data
processing apparatus to function in a particular manner, such that the instructions stored in the
computer usable or computer-readable memory produce an article of manufacture including
instruction means that implement the function specified in the flowchart block or blocks.

[33] The computer program instructions may also be loaded onto a computer or
other programmable data processing apparatus to cause a series of operational steps to be
performed on the computer or other programmable apparatus to produce a computer

implemented process such that the instructions that are executed on the computer or other



flowchart block or blocks. [32] These computer program instructions may
also be stored in a computer usable or computer-readable memory that
can direct a computer or other programmable data processing apparatus
to function in a particular manner, such that the instructions stored in the
computer usable or computer-readable memory produce an article of
programamniiizcipperinciudiog dinstrpictianmpdamnsitiag imnplemeiohthgdoiciibm the
specified in the flowchart block or blocks. [33] The computer program
flowchiasthlotibios biaykalso be loaded onto a computer or other programmable
data processing apparatus to cause a series of operational steps to be
[34] performé&tdnbibekocoiiptifervarhath diustogiammap ke @pparatusddyboschgoaent, or
a computer implemented process such that the instructions that are
portioexdcoted whithe comneeoor atharrd pragrabienabie agpparfivusyrievideting the
steps for implementing the functions specified in the flowchart block or
specifiold dksic[3 4 icach b bchailtha fobechadbst iations: rmisy negyve Seplamentations,
module, segment, or portion of code, which comprises one or more
the fumtenstabiedms thectilonk Sonaynpiem enting ttieeorsie difte d Aagipkl fwactiegs ikhown
should also be noted that in some alternative implementations, the
in sucfasmptiomsagotetidh ihexslotkd snbytotalhyoutnohithendydertiedredtample stwetimes
blocks shown in succession may in fact be executed substantially
be execonclimehelyesretirednickdepray i mgmptimids thecexealitednivoliedreverse
order, depending upon the functionality involved. [35] HT wireless
[35] network$éldceoxdins) tet exekn plagyrdnmbhadinembiof nebpresents ivhdwatioasent
include wireless networks capable of transmitting and receiving HT data,
invent@g.inahudd Wwdlete se tvatvie dapalrhpdyfi rgnwithi ting HBE Fe802idd T platoeat; . an
a wireless network having compatibility with one of the legacy format
HT wieless 860voik, @02plylibganithgde IEtgstanddrdsromedlsa wieless network having

compatibility with one of the legacy format IEEE 802.11a, 802.11b, and 802.11g standards,
and so on.

[36] FIG. 3 is a diagram illustrating a method of transmitting a response frame
according to an exemplary embodiment of the present invention.

[37] Referring to FIG. 3, a transmitter-side HT STA 101, a receiver-side HT STA
102, an additional HT STA 103, and a legacy station 201 exist in a wireless network. In
operation S10, the transmitter-side HT STA 101 transmits HT data to the receiver-side HT
STA 102. As stated above, the HT data is transmitted at a high rate using a channel bonding
or MIMO technique. The HT stations include stations enabling high rate data transmission,
e.g., stations in compliance with the IEEE 802.11n protocol. Since the receiver-side HT STA
102 and the additional HT STA 103 can interpret HT data, they perform virtual carrier
sensing. However, since the legacy station 201 is not capable of interpreting HT data, it
cannot perform virtual carrier sensing. Instead, the legacy station determines that a medium is

currently busy, thereby performing physical carrier sensing. After completing of transmission
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[36] FIG. 3 is a diagram illustrating a method of transmitting a response
frame according to an exemplary embodiment of the present invention.
[37] Referring to FIG. 3, a transmitter-side HT STA 101, a receiver-side
HT STA 102, an additional HT STA 103, and a legacy station 201 exist in
a wireless network. In operation 510, the transmitter-side HT STA 101
of the rEindatitoptr aiaiaSo ithegiasaive tside it sEHANDRL Asistébe thakiovaidhef an
HT data is transmitted at a high rate using a channel bonding or MIMO
EIFS bethnigyerbhadibstatidins include stations enabling high rate data
transmission, e.g., stations in compliance with the IEEE 802.11n protocol.
[38] Since thH reeaiveynsitesideSTA STOR ldncctnepadelitionmahikEiST 4f 13 Enlata, the
interpret HT data, they perform virtual carrier sensing. However, since the
procedegagyestatiope20ibisSidt caphislané.ittenpreivig-kdeddiaS K Achdhatansmits a
perform virtual carrier sensing. Instead, the legacy station determines that
legacyaAmlediien dslucatiendlydnisy| therefrymesforenit] ifysich canserisensiagHT STA
After completing of transmission 10 of the HT data, operation S 11 begins
101. Tahedegre yegek ysstatispo 2 waitseiorcthe dacatiohngf tanhEIEBH 803 lig, 802.11b,
performs a backoff. [38] If the transmitter-side HT STA 101 completes
or 802rbrespnigsion. dithle¢dFydatk, dine bp tooethired) oe sitd eparationod bbiis thgsicy
time, the receiver-side HT STA 102 transmits a legacy Ack after a
statiordandtiortdf stahort Adter-feaenagpecs (S4RS) tokhearhosmhitterIsideidiis 101, 102,
STA 101. The legacy Ack is a response frame generated according to the
and 10EED80R dflat8aRctitig, adeBO2 . kbgomstfvohe Boeslégapyriekcal? fer the
transmitted to and received from both a legacy station and an HT station.
duratigsfter ad2diSinmé dohn lpgaoymi ekhasolif pf tedd®.stations 101, 102, and
103 capable of interpreting a legacy response frame goes to operation S
[39] 12 after thedditieticinoé thD IESicanthtiver2pérforaps tchaickoé prestecutegacy Ack
[39] In addition, since the legacy station 201 is capable of interpreting a
frame [egfaoyapakle of interpreting HT data, it is allowed to wait for the duration of the DIFS

in operation S12 to prohibit the legacy station 201 from performing the backoff procedure.
Consequently, the legacy station 201 is able to participate in the backoff procedure as well as
the HT stations 101, 102, and 103, thereby avoiding performance deterioration.

[40] FIGS. 4A and 4B are diagrams illustrating a data structure of a PPDU
transmitted and received by an HT station.

[41] The HT station enables data transmission and reception in two ways, both of
which start with legacy preambles, so that a legacy station can interpret data
transmitted/received by the HT station with legacy preamble.

[42] As shown in FIG. 4A, a legacy format PPDU 30 includes a legacy preamble
including a Legacy Short Training Field (L-STF), a Legacy Long Training Field (L-LTF) and
a Legacy Signal Field (L-SIG), and a Legacy Data (DATA) payload. Similar to FIG. 1, the L-
SIG includes RATE, Reserved, LENGTH, and Parity fields. The legacy format PPDU 30 has

the DATA payload following the L-STF, L-LTF, L-SIG fields containing information
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frame but incapable of interpreting HT data, it is allowed to wait for the
duration of the DIFS in operation S 12 to prohibit the legacy station 201
from performing the backoff procedure. Consequently, the legacy station
201 is able to participate in the backoff procedure as well as the HT
stations 101, 102, and 103, thereby avoiding performance deterioration.

regarduh@] oS ndb arechdid, aigndiagrdrosoilusiyptiny d dathustriet lygaof #oRRDBPDU
transmitted and received by an HT station. [41] The HT station enables

30 cardadartrapseriddigvahcndd® piaiv inavdoavieys yodticof. which start with
legacy preambles, so that a legacy station can interpret data

[43] transmittediteceivdiby.thB HihstatiBRINitH (dgacn pidegrdalabld 2[4l to a legacy
shown in FIG. 4A, a legacy format PPDU 30 includes a legacy preamble

preamivie|utlend B dLagacyoShidetr I rizritiip Bidlol (L bSihE A Hegadthd HAgpfeanmhgcontains
Field (L-LTF) and a Legacy Signal Field (L-SIG), and a Legacy Data

inforn{h A) geayioa tl TSiadal te HGpkathklé e SiGsinollae RAZ R Reke(M3dSIG), an
LENGTH, and Parity fields. The legacy format PPDU 30 has the DATA

HT shpsytieadrfp feMiglThe TFS BiRd i HIF, 108 G fiehgs edh tdRddlinfodmdtiard, The HT-
regarding power management, signal and so on, respectively. Thus, the

SIG céagatyfOnm il s30 adadiie antERpEtebisydotthrameH Tesigticr! &ddata, an
legacy station. [43] As shown in FIG. 4B, when a PPDU 40 has an HT

MCS pedhdabienag dedunadegadycodiegistbientsecad A dtatioedconbigefis thepecifying the
PPDU 40 as being HT data. The HT preamble contains information

presen@geair dihgiddddarding he SeTndieg prslkeet tiesistslofaam gt hsidaifiskunission has
(HT-SIG), an HT short training field (HT-STF), and an HT long training

been pieefdr(hT-0iT B). dnteiwtas!, aimebbier SIG Icbhdistd ofeniijtiptetfieldsnihetudih & TFs
LENGTH field defining a length of HT data, an MCS field defining

in a tranedittatidtPERd eddioy St Heldepcarydryanked godihinfiidspecifyingegien of a
presence of advanced coding, a Sounding packet field indicating whether

frame trahermigisiotNdstield specifying an initial value of a scrambler, 20/40 indicating

whether the PPDU is converted into a signal at a bandwidth of 20 or 40 MHz, a CRC field for
error checking, and a Tail field. As shown in FIG. 4B, HT-SIG, HT-STF, HT-SIG, ..., HT-
LTF, each contain a specific number of bits, followed by HT data.

[44] As shown in FIG. 4B, if short data is transmitted in the HT PPDU 40, a
considerable increase in the HT preamble is caused, thereby significantly increasing overhead.
Thus, in order to transmit frames including only short data, e.g., Ack or control frames, it is
efficient to use the legacy PPDU 30. In addition, the legacy PPDU 30 enables a legacy station
to perform virtual carrier sensing when the legacy station exists in a wireless network.

[45] FIG. 5 is a diagram showing a procedure in which a receiving unit transmits a
legacy response frame when a transmitting unit transmits an HT data using channel bonding
according to an exemplary embodiment of the present invention.

[46] When a transmitting unit selects two adjacent channels of a current channel,

that is, the current channel and a directly next channel or a directly previous channel and the
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been performed on all antennas, a number HT-LTF field specifying the
number of HT-LTFs in a transmitted PPDU, a Short Gl field specifying a
short guard interval in a data region of a frame, a ScramblerINIT field
specifying an initial value of a scrambler, 20/40 indicating whether the
PPDU is converted into a signal at a bandwidth of 20 or 40 MHz, a CRC
currenfielthfioe] esooxd el eckind, atherpahdilrfieichiAsishowe o kiEGcedBn ins) e
HT-STF, HT-SIG, ..., HT- LTF, each contain a specific number of bits,
receiviofjaweddoyivth thatsarfbddniisisihemitsin elkac YiBck sheatideltariseransmitted
in the HT PPDU 40, a considerable increase in the HT preamble is
[47] caused, ih@réhy sidinifieantlyowaieasingcoderhaadhidinaseteiongentit transmits a
transmit frames including only short data, e.g., Ack or control frames, it is
legacyeftipientddrase thicle gacy RiRMide30hil nradoiticr it el dgacysPR Pihiid@] bonding
enables a legacy station to perform virtual carrier sensing when the
accordegaoyastationesxinfddry @ whxalgas metivbekpbbh G e btisna idiadramantennas 181
showing a procedure in which a receiving unit transmits a legacy
and 182 s$posss armewhégratdnsmittingliki indri€émits an HT data using
channel bonding according to an exemplary embodiment of the present
[48] inventioNY46]th¥ hemarttangmittinglectt setectmonn abhacelstadranuretstafhannel,
current channel, thatis, the current channel and a directly next channel or
that isatbiéreatigprévions ehdianbtenly tieat ERaouetentacthiacmbl poevidesdoeadnnd the
other, and transmits the same to a receiving unit, the receiving unit
currentedrived, thendadie anchteaimsmitsl ariegacts Ackstanedctherapnielnf ik Be
6 is a diagram showing a procedure in which a receiving unit transmits a
receivigganyt mrespons ¢hfr anmee\whé transrans mitgagunitkransrhéschanddl.dadike in FIG.
using channel bonding according to another exemplary embodiment of
5, the theppegsenninaatib®] imdvhiChaemeepals dBhamsthiond 8 femms olinniatk.tdhe
different channels, unlike in FIG. 5. [48] When the transmitting unit selects
receivin®uadjaceenschiannaisiof epparrerbtdivammedd using the respective antennas 181 and

182 and transmits the same legacy Ack frame 300. A structure of a legacy format frame is the
same as described in FIG. 4.

[49] Legacy format data is simultaneously transmitted to both a control channel and
an extension channel in response to a frame transmitted using channel bonding, as shown in
FIG. 5 and 6, which allows the legacy format data to be received by stations in the extension
channel as well.

[50] FIG. 7 is a diagram showing a procedure in which a receiver-side HT station
transmits a legacy response frame when the transmitter-side HT station transmits HT data
using an MIMO technique according to an exemplary embodiment of the present invention.
[51] When the transmitter-side HT station transmits HT data using an MIMO
technique, the receiver-side HT station utilizes one antenna 181 to transmit a legacy response
frame via a current channel. The transmitter-side HT station is capable of receiving the legacy

response frame received through the current channel. Other HT stations can interpret the
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that is, the current channel and a directly next channel or a directly
previous channel and the current channel, bonded to each other, and
transmits the same to the receiving unit, the receiving unit receives the
same and transmits a legacy Ack to either channel. Unlike in FIG. 5, the
respective antennas 181 and 182 are capable of handling different
legacychmapoels fibine teeeitilegvirnibhboaersasioiverAntherp perasytatiamnels
using the respective antennas 181 and 182 and transmits the same
commiageayndckafthmnen300t sinetiting df@itegaeyt ket deamepsitefrsame enable
as described in FIG. 4. [49] Legacy format data is simultaneously
virtualransenittaditg bathtacontref haraonglfandaaitaexiensiosahaandksaribed in FIG.
response to a frame transmitted using channel bonding, as shown in FIG.
4A. 5 and 6, which allows the legacy format data to be received by stations in
the extension channel as well. [50] FIG. 7 is a diagram showing a
[52] proceduresiillushiatedindcdéibeSsideudh Btdtorectramsiviide HTeiAyl102 transmits
response frame when the transmitter-side HT station transmits HT data
the legasnGRDVIND teconiquerseco adingdmameake mpisnyismbaadithedteofloged by
present invention. [51] When the transmitter-side HT station transmits HT
the tradstattsinglabiVIM@ tethhguecthersctiver-Siid HI2statiba nfidizesdovicthe
antenna 181 to transmit a legacy response frame via a current channel.
transniifreotmameiimidemyithey e Togteteomass vapeabiedo fHdcERMHOth & tey dEYS values in the
response frame received through the current channel. Other HT stations
HT-Sl§ahdhterpiiet tie ABD&awywe spbHsedbafibatase Habhe mirtwalfcatdenas used in
sensing. Further, legacy stations communicating via the current channel
data treasnalsminterihentned legdopaeshonsenf.amel iasnalstdevidtascheiating rate,
sensing. A structure of a legacy format frame is the same as described in
guard F@rvalAaf8 2isAsrilhwstratedfinheiBS . B rog O Nide) eedieatedide dHfom the
STA 102 transmits
MCS values enumerated in the Table below. Table 1 illustrates an exemplary modulation and

coding scheme (MCS) table.

[53]
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the legacy PPDU 30 in various manners according to the transmission
method employed by the transmitter-side HT STA 101. The receiver-side
HT STA 102 can be informed of the transmission method employed by
the transmitter-side HT STA 101 from MCS values in the HT-SIG field of
the HT PPDU shown in FIG. 4B. That is, the number of antennas used in
data transmission or the number o[-as[ﬁgtial streams, modulation schemes

andimnas

U:‘cd codin 1g-Tate, guai’d IIILCIVG.I ahd-use-ornon-use-of-channel bununlg
(40 Minaecan be dacticemdirom thedifdCS values-esugmerated in thaiadidens
MCS below, Table 1 jllustrates an exemlglary modulation and codlng scheme

MESRATIE 1531 13HURES 1 NurmBS-of mMEaUltion AU a1 20bBEns ctOMHZ
0 =400ns1MCS streapresschemes rate 20MHz560MHz 2080HZ 40Kedz O 1 15.00

BPSK 1/2 6.50(13.50 7.22 15.00 1 1 QRSK 1/2 13.00 27.00(14.44 30.00
1211 opsk 3/4-19.5090%50 21167 4200 3 1'38%AM £78%6 0o Byt | 30.00
2 28.8960.00 4 1 16-QF8K 3/4 39.0)481.00 43.83 90.0Q0 50l 64-OABY 2/3  45.00

52.00 108.00 57.78 120.00 6|1 64-QAM 3/4 58.50 121.50 65.00 135.00
8 1l64-0AM 5/6-65.088198M0 70 22'50.do 88PBPSK APU 3 .00 2585p | 60.00
4 14.44 30.00 9 2 QREKANR 26.00 54.00 28:8£060.00 81.00 43.33 90.00
5 1 64-QAM 2/3 52.00 108.00 57.78 120.00
6 1 64-QAM 3/4 58.50 121.50 65.00 135.00
7 1 64-QAM 5/6 65.00 135.00 72.22 150.00
8 2 BPSK 1/2 13.00 27.00 14.44 30.00
9 2 QPSK 1/2 26.00 54.00 28.89 60.00
10 2 QPSK 3/4 39.00 81.00 43.33 90.00
11 2 16-QAM 1/2 52.00 108.00 57.78 120.00
12 2 16-QAM 3/4 78.00 162.00 86.67 180.00
13 2 64-QAM 2/3 104.52 216.00 116.13 240.00
14 2 64-QAM 3/4 117.00 243.00 130.00 270.00
15 2 64-QAM 5/6 130.00 270.00 144.44 300.00
16 3 BPSK 1/2 19.50 40.50 21.67 45.00

[54] An HT station can transmit not only the Ack frame but also an PPDU of a

control frame including short data such as a CTS frame or an RTS frame. During legacy
format transmission, it is not necessary add an HT preamble to the data, a legacy station can
perform virtual carrier sensing, thereby reducing overhead.

[55] In a case of a considerable amount of data, an HT format PPDU is transmitted.
In a case of short data, that is, a small amount of data, e.g., a control frame, a legacy format
PPDU is transmitted, thereby reducing a total amount of data transmitted and received in the
overall wireless network and implementing a wireless network in which the HT station and a

legacy station coexist.
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10 2 QPSK 3/4 39.00 81.00 43.33 90.00 11 2 16-QAM 1 /2 52.00 108.00
57.78 120.00 12 2 16-QAM 3/4 78.00 162.00 86.67 180.00 13 2 64-QAM
2/3 104.52 216.00 116.13 240.00 14 2 64-QAM 3/4 117.00 243.00 130.00
270.00 15 2 64-QAM 5/6 130.00 270.00 144.44 300.00 16 3 BPSK 1/2
19.50 40.50 21.67 45.00 [54] An HT station can transmit not only the Ack
[56] frame buitelsaran Dbk oked berdirgl freame elisdinglghoetddata softivas ar
CTS frame or an RTS frame. During legacy format transmission, it is not
hardwarcassannaddambiililprearhkie 4@'ikid BataraniagbleyGiatidnoaFR@koom
virtual carrier sensing, thereby reducing overhead. [55] In a case of a
Appliconsidpalife dmguatedfCiatait dAFHT fowhah PREIHS transamittdd. Anuait may
case of short data, that is, a small amount of data, e.g., a control frame, a
advantegams fiphmadnFiPDed in tresidentiatic thisiekya bédsioingeantodal mmodinbofigured to
data transmitted and received in the overall wireless network and
be exeirnpiémentingranwire [eesassdvsoikhirs vahioh theyHiicktdtidry ang af kegaayle,
station coexist. 15 [56] The term "unit" as used herein, means, but is not
compdimitesd sio;heas oftfianecaroinaodeieise dgeaponentedrsniodate ceuplos &, Feilakd
Programmable Gate Array (FPGA) or Application Specific Integrated
comp@irnusit(d $16K) corhempesigrmseserainmtetskss, Attt reaprachdmtagadusiytines,
be configured to reside on the addressable storage medium and
segmenpnififjpregrio belexdovted brmovronmore plocessony, Thas databmisenalata
include, by way of example, components, such as software components,
structwhbje tibdeie ntety s ofdaneigblerp diverits)atiassliigopnpodehtsamdiaskmponents and
components, processes, functions, attributes, procedures, subroutines,
units may be combined into fewer components and modules or further separated into

additional components and units. In addition, the components and units may be implemented
such that they are executed on one or more CPUs in a communication system.

[57] FIG. 8 is a schematic illustrating an HT station which transmits legacy format
data according to an exemplary embodiment of the present invention. The HT station 100
includes a transmitting unit 110, a receiving unit 120, an encoding unit 130, a decoding unit
140, a controlling unit 150, a legacy transmission controlling unit 160, and two antennas 181
and 182. The antennas 181 and 182 receive and transmit wireless signals.

[58] The transmitting unit 110 transmits signals to the antennas 181 and 182, and
the encoding unit 130 encodes data to generate signals to be transmitted to the antennas 181
and 182 by the transmitting unit 110. In order to transmit signals via two or more antennas
using an MIMO technique, the signal data must be divided and then encoded separately.
Alternatively, in order to transmit signals using channel bonding, the transmitting unit 110
selects two adjacent channels, including a current channel and a directly next channel or a
directly previous channel, to be bonded to each other, and transmits the signals via the bonded

channels.
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segments of program code, drivers, firmware, microcode, circuitry, data,
databases, data structures, tables, arrays, and variables. The
functionality provided for in the components and units may be combined
into fewer components and modules or further separated into additional
components and units. In addition, the components and units may be

[59] impleméhiedesticmghatithey acectrxsaupadlofr@neler mermSRYE andal 82, and the
communication system. [57] FIG. 8 is a schematic illustrating an HT

decodstatioit WHicketraksnitssiggals ydorimat toatize accardirgoutat a2 @ xemplaay When the
embodiment of the present invention. The HT station 100 includes a

data itransivitting ngnan INIOVEOrecdivig: Ui its Ii20e aargnoddieg atnithe 3D @transmitted via
decoding unit 140, a controlling unit 150, a legacy transmission

the twoartrotietg unit 160, and two antennas 181 and 182. The antennas 181
and 182 receive and transmit wireless signals. [58] The transmitting unit

[60] 110 tranfheitesignatsntonthe@ntennadihg hand@Byrands therefogdndatmie.g., an
130 encodes data to generate signals to be transmitted to the antennas

Ack frd8t, arfdl'S32aettvoe sraR3iMiftimgeunitbbitarsmoredritoatlegminifosigaalEhdaontrol
two or more antennas using an MIMO technique, the signal data must be

unit 1 Fivicked @rschtideroeinebdbel sepangtedy. inAitenatitivelmomgoraerite dkansntstof the
signals using channel bonding, the transmitting unit 110 selects two

HT st@djadélt channels, including a current channel and a directly next channel
or a directly previous channel, to be bonded to each other, and transmits

[61] the sign&l$via ithe fiondedt dhamasly 4 ria@iTeineckiving kit $2Gon receives
receives signals from the antennas 181 and 182, and the decoding unit

an HT14dwevotiesntvisignegse deiveciby thepraseifrimgeuanicdingnto aacaemplary
When the data is received using an MIMO technique, it is necessary to

embodmegtatétivepdatantiansnicted via the two channels. [60] The legacy

transmission controlling unit 160 controls short-length data, e.g., an
[62] The HT station accesses a wireless network in operation S301. In this case, the

accessing the wireless network encompasses not only accessing an existing wireless network
but also newly generating a wireless network. In an exemplary embodiment, operation S301
may include generating a basic service set (BSS), e.g., an Access Point (AP). Next, a first
station existing in the wireless station receives first data compliant with a first protocol in
operation S302. The first protocol includes protocols transmitted and received in an HT
format, e.g., the IEEE 802.11n protocols. In addition, the first protocol may include protocols
having downward compatibility with legacy format protocols.

[63] The term “downward compatibility” used herein means that an upgraded
protocol or software is compatible with past proposed protocols or software. For example, the
IEEE 802.11n protocols can interpret data that is transmitted and received in the IEEE
802.11a, 802.11b, or 802.11g protocol, and can transmit/receive HT data in the IEEE 802.11a,
802.11b, or 802.11g protocol. The same is true when upgraded software is available to allow

data generated from existing version software to be interpreted or managed.
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Ack frame, a CTS frame, or an RTS frame, to be transmitted in a legacy
format. The control unit 150 manages and controls the exchange of
information among various elements of the HT station 100. [61] FIG. 9 is
a flowchart illustrating a procedure in which an HT station receives an HT
frame and transmits a legacy frame as a response frame according to an

[64] exemplatyfteerdoonime ticofitkiedpreseistdawentiond joz]tHdratd Tistiadian is
accesses a wireless network in operation S301. In this case, the

transnéttedssing thanuicbesdingtinapeentony3ddsésSthofionljac tcessingated using
existing wireless network but also newly generating a wireless network. In

channalrberémgp & & mbgaiatent, S30 Oyatiar BBt a nrayphahy ceth enerabidgpeotocol is
basic service set (BSS), e.g., an Access Point (AP). Next, a first station

transnatisting ith¢hresparetes sistatidn vsskbivehdnst datadiognpligperavitm & 326t According
protocol in operation S302. The first protocol includes protocols

to the tramosidh jtteth ewid freaeiv adircanbel ntéopmeatd dyglegheyl Ehtio B0R:dining channels
protocols. In addition, the first protocol may include protocols having

associgiedmwvarahoehbpadhifityrevithiegacydfdrinat prbtobols pf6Ricdhs templiant with the
"downward compatibility” used herein means that an upgraded protocol

IEEE 803 dftwahe isconhpatiboleithlpdest pnaposiedvptotdoolstbe SORWA(E.. Flor protocol
example, the IEEE 802.11 In protocols can interpret data that is

is dowmansthiter aimdasceivEdih 802 .[HEEB8D2 1b]80302.4, Iy, the 882, Thg transmission
protocol, and can transmit/receive HT data in the IEEE 802.1 la, 802.1 Ib,

procedr80Ratd hesrotiosalibEt @ samevishtraewhentapdtaded software is
available to allow data generated from existing version software to be

[65] interpretddherfindnated. tianeditedterthoveving iefinst biendirigi@NO in operation
determined whether the first data is transmitted using channel bonding in

S310)otherasiah tbe fdstl flite ifi tstukanat tiedtramgmitie dansMiBMEhecheiduenstiognd data
(YES in operation S310), second data compliant with a second protocol is

compliant with the second protocol is transmitted in operation S330. The transmission

procedure has been described above with reference to FIG. 6. As described above, the second
protocol includes protocols with which the first protocol is downward compatible.

[66] The wireless network shown in FIG. 8 may be an BSS with an AP, or an
Independent Basic Service Set (IBSS) without an AP. The second data is short data including

control frames, such as Ack, CTS, RTS, etc.

Industrial Applicability
[67] The second data can be interpreted by legacy stations, so that the legacy
stations can perform virtual carrier sensing. Accordingly, the use of the second data enhances
transmission efficiency in a wireless network without legacy stations.
[68] As described above, according to exemplary embodiments of the present

invention, when HT stations and legacy stations each having different transmission
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transmitted via the respective channels used in channel bonding in
operation S320. According to the second protocol, frames that can be
interpreted by legacy stations receiving channels associated in channel
bonding are transmitted. Thus, if the first protocol is compliant with the
IEEE 802.11n, the second protocol includes protocols with which the IEEE
capabBidi2 sldoe pikntiacolv is: owmwaotke oim pagiale seugonbbchir oA a;i802. dallvier
802.11q, or the like. The transmission procedures have been described
sensingbove with reference to FIG. 5. [65] If the first data is transmitted without
using channel bonding (NO in operation S310), that is, if the first data is
[69] transmitlachdibitign, egro@iniy VO deqhnig aenteddond s afahe prepdianhwadtition,
the second protocol is transmitted in operation S330. The transmission
short gmace dture hascdeen bescyilbedmabatershiyhendierangertmdaiissionAsficiency.
described above, the second protocol includes protocols with which the
[70] first protbceilisbdovderarabddmphtitdenf]66]itdy wkibl@éssheetwohktstrwnsichanges
FIG. 8 may be an BSS with an AP, or an Independent Basic Service Set
in forifiB8& dutihioubanbaRnddretbecandvdhtaisispatirgateoinclbeispgricanérsbope of the
frames, such as Ack, CTS, RTS, etc. Industrial Applicability [67] The
presergsacvedidate dafined inyeherétdavibmdedaicyssttimarsoithatdtve lpgaeayiated that the
stations can perform virtual carrier sensing. Accordingly, the use of the
above sesontedatacempiancesbvdnsenission &ifipiepoydn @ wirslegsometnigriind not to be
without legacy stations. [68] As described above, according to exemplary
constreedbodirentis iohthetheaseentimyvdritaosrophehthiTistations mruviegbgyhe appended
stations each having different transmission 18 capabilities coexist in a
claimyyirglessthatwbekptée dega ce stapons, caxd pdrformiing drehrdeivsensinghich fall
[69] In addition, according to exemplary embodiments of the present
withinjpleritige, of the claims are intended to be embraced therein.
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short data is transmitted in a legacy format, thereby enhancing
transmission efficiency. [70] It will be understood by those of ordinary skill
in the art that various changes in form and details may be made therein
without departing from the spirit and scope of the present invention as
defined by the following claims. Therefore, it is to be appreciated that the
above described exemplary embQ]igigfisg are for purposes of illustration
only and not to be construed as a limitation of the invention. The scope of
the invention is given by the appended claims, rather than the preceding
deschptiih %ﬁﬁd’ﬁﬁ%“)&ﬂ&ﬂ&ﬁ% EPetéfuR/étéH%vméh"féﬁt’ %ﬁﬂiﬁtt}ﬁ%dfaﬁ]@f‘e method
of the claims are intended to be embraced therein. 19 Claims 1. A method
COMPIGiinsmitting data to a station in a wireless network, the method
comprising: receiving first data via a bonded. channel which is formed b

ch%ﬁwt%ﬁa?h&?tf’s%ﬁdbé’é@sﬂ&%&%Wﬁ‘éﬂhﬂﬁ@%ﬂd’%&ﬁéﬁ%r?@ndmg first

second data via each of the first and the second adjacent channels, the

and segapd Adipcanl 5B R4t -to-send (CTS) frame or a request-to-send
(RTS) frame. 2. The method of claim 1, wherein the wireless network is
coﬁ%ﬁﬁﬁﬁ?%&ﬁ‘fﬁ%“‘ié’é&a gipo Pl PEERS AR, dribe ﬁ?&ﬂ?@sda Sfciichannels, the

herein the first data is t with the IEEE 802.11n standard. 4. The
secon JEBE AL %’t‘\’/\/‘f’?&‘i ﬁﬁé?@&%ﬁraat%@tﬁfassa éﬁ%ﬁ) 8YeEE

802.11a standard, the IEEE 802.11b standard or the IEEE 802.11g
standard 5. The method of claim 1, wherein the transmitting the second

a comprises trans econd data separately a
a5V oS i AHSEEHD LG SABQRa AeCYork is compliant with the
IEEE 802.11n standard.

3. The method of claim 2, wherein the first data is compliant with the IEEE

802.11n standard.

4. The method of claim 3, wherein the second data is data based on the IEEE

802.11a standard, the IEEE 802.11b standard or the IEEE 802.11g standard.

5. The method of claim 1, wherein the transmitting the second data comprises
transmitting the second data separately and simultaneously via each of the first and the second

adjacent channels.
6. The method of claim 5, wherein the second data is transmitted via the first

adjacent channel by a first antenna, and the second data is transmitted via the second adjacent

channel by a second antenna.
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adjacent channels. 6. The method of claim 5, wherein the second data is
transmitted via the first adjacent channel by a first antenna, and the
second data is transmitted via the second adjacent channel by a second
antenna. 20 7. The method of claim 1, wherein the first data is compliant
with a first protocol and the second data is compliant with a second
prétocolTaadnkhhdir sif pitetoch| vehdmimikiairscdmpadibbenpitimtheigeadirst protocol
protocol. 8. The method of claim 1, wherein the second data is transmitted
and thin sedoinyisitad kayenglianyergence dnat echtred P lagdPhe riitecptddatal Wndownward
9. A wireless network apparatus comprising: a receiving unit which
compaibleivathfitst datadrangmitied via a bonded channel which is formed by
channel bonding first and second adjacent channels; and a transmitting
unit which transmits second data via each of the first and the second
adjacent channels, the second data being a clear-to-send (CTS) frame or
a fequesthoserichd(RITSpifnarhewhéecihehwivetesd detavorkrappaitatdsoh Physical
claim 9, wherein the wireless network is compliant with the IEEE 802.11n
Layer §fandangtntd PTdedvire @3k trotkcap patatlsiof claim 10, wherein the
first data is compliant with the IEEE 802.11n standard. 12. The wireless
network apparatus of claim 11, wherein the second data is compliant with
the IEEE 802.1 la, the IEEE 802.11b standard or the IEEE 802.119g
st@ndard\ RitelSsTeemwwilelpgamatwarpppagatus of claim 9, wherein the
transmitting unit
a receiving unit which receives first data transmitted via a bonded channel which is

formed by channel bonding first and second adjacent channels; and
a transmitting unit which transmits second data via each of the first and the second
adjacent channels, the second data being a clear-to-send (CTS) frame or a request-to-send

(RTS) frame.

10.  The wireless network apparatus of claim 9, wherein the wireless network is

compliant with the IEEE 802.11n standard.

11.  The wireless network apparatus of claim 10, wherein the first data is compliant

with the IEEE 802.11n standard.

12.  The wireless network apparatus of claim 11, wherein the second data is

compliant with the IEEE 802.11a, the IEEE 802.11b standard or the IEEE 802.11g standard.
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transmits the second data separately and simultaneously via each of the

first and the second adjacent channels. 14. The wireless network

apparatus of claim 13, further comprising first and second antennas,

wherein the transmitting unit transmits the second data via the first

adjacent channel using the first antenna and transmits the second data

vid the sEcondiadiacart coanngparaing thfe decor? anberwia. ths. frlaemitting unit

wireless network apparatus of claim 9, wherein the first data is compliant
transmvitithtlee fixstoprb tiaco Isepet dtedysaad nuhd#tanée wdn pliaedolitht ahseliondnd the second

protocol, and the first protocol is downward compatible with the second
adjacepraficnolelt6. The wireless network apparatus of claim 9, wherein the

second data is transmitted in a Physical Layer Convergence Procedure

(PLCP) Protocol Data Unit. 22

14. The wireless network apparatus of claim 13, further comprising first and
second antennas, wherein the transmitting unit transmits the second data via the first adjacent
channel using the first antenna and transmits the second data via the second adjacent channel

using the second antenna.

15.  The wireless network apparatus of claim 9, wherein the first data is compliant

with a first protocol and the second data is compliant with a second protocol, and the first

protocol is downward compatible with the second protocol.

16. The wireless network apparatus of claim 9, wherein the second data is

transmitted in a Physical Layer Convergence Procedure (PLCP) Protocol Data Unit.
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