HU000032733T2
R
19 HU (1) Lajstromszam: E 032 733 (13 T2
! MAGYARORSZAG
\\\\\\\ Szellemi Tulajdon Nemzeti Hivatala
SZOVEGENEK FORDITASA
(21) Magyar tigyszam: E 10 815603 (51)Int. cl.  HO4L 5/00 (2006.01)
(22) A bejelentés napja: 2010. 09. 08. HO04B 7/04 (2006.01)
HO4L 25/02 (2006.01)
(96) Az eurdpai bejelentés bejelentési szama: HO4L 27/26 (2006.01)
EP 20100815603 HO4W 84/12 (2006.01)
(97) Az eurdpai bejelentés kdzzétételi adatai: HO4L 25/03 (2006.01)
EP 2476212 A2 2011. 03. 17. HO4B 7/06 (2006.01)
(97) Az eurdpai szabadalom megadasénak meghirdetési adatai:
EP 2476212 B1 2017. 02. 15. (86) A nemzetkdzi (PCT) bejelentési szam:
PCT/KR 10/006093
(87) A nemzetkdzi kdzzétételi szam:
WO 11031058
(30) Elsébbségi adatok: (73) Jogosult(ak):
240658 P 2009. 09. 09. us LG Electronics Inc., Seoul 150-721 (KR)
243160 P 2009. 09. 17. us
259634 P 2009. 11. 09. us
303684 P 2010. 02. 12. us (74) Képviseld:
307429 P 2010. 02. 23. us Danubia Szabadalmi és Jogi Iroda Kift.,
20100022225 2010. 03. 12. KR Budapest
20100040588 2010. 04. 30. KR
20100040589 2010. 04. 30. KR
349220 P 2010. 05. 28. us

(72) Feltalalo(k):
LEE, Dae Won, Anyang-si Gyeonggi-do 431-749 (KR)
ROH, Dong Wook, Anyang-si Gyeonggi-do 431-749 (KR)

KANG, Byeong Woo, Anyang-si Gyeonggi-do 431-749
(KR)

SEOK, Yong Ho, Anyang-si Gyeonggi-do 431-749 (KR)
NOH, Yu Jin, Anyang-si Gyeonggi-do 431-749 (KR)
KIM, Bong Hoe, Anyang-si Gyeonggi-do 431-749 (KR)

(54) Eljaras és berendezés vezérldinformacié tovabbitasara WLAN rendszerben

Az eurdpai szabadalom ellen, megadasanak az Eurdpai Szabadalmi K6zlonyben valé meghirdetésétél szamitott kilenc hénapon bellil,
felszélalast lehet benyujtani az Eurépai Szabadalmi Hivatalnal. (Eurépai Szabadalmi Egyezmény 99. cikk(1))

A forditast a szabadalmas az 1995. évi XXXIII. térvény 84/H. §-a szerint nyujtotta be. A forditas tartalmi helyességét a Szellemi Tulajdon
Nemzeti Hivatala nem vizsgalta.




EP 2 476 212 B1

(19)

(12)

(45)

(21)

(22)

Eurcpiisches
Patentarni

Eurcpean
Patent Office

Office européen
des brevets

(1) EP 2476 212 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
15.02.2017 Bulletin 2017/07
Application number; 10815603.5

Date of filing: 08.09.2010

(1)

(86)

(87)

Int Cl.:

HO4L 5/00 (2006.07)

HO4L 25/02 (2006.07)
HO4B 7104 (2017.01)

HO4B 7106 (2006.07)

HO4L 27/26 (2006.07
HO4L 25/03 (2006.07
HO4W 8412 (200907

International application number:
PCT/KR2010/006093

International publication number:
WO 2011/031058 (17.03.2011 Gazette 2011/11)

(54)

METHOD AND APPARATUS FOR TRANSMITTING CONTROL INFORMATION IN WLAN SYSTEM
VERFAHREN UND VORRICHTUNG ZUR UBERTRAGUNG VON STEUERINFORMATIONEN IN

EINEM WLAN-SYSTEM

PROCEDE ET APPAREIL DE TRANSMISSION D'INFORMATIONS DE COMMANDE DANS UN

SYSTEME WLAN

(84)

(30)

(43)

(60)

(73)

(72)

Designated Contracting States:

AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO SE SI SK SM TR

Priority: 09.09.2009
17.09.2009
09.11.2009
12.02.2010
23.02.2010
12.03.2010
30.04.2010
30.04.2010
28.05.2010

US 240658 P
US 243160 P
US 259634 P
US 303684 P
US 307429 P
KR 20100022225
KR 20100040588
KR 20100040589
US 349220 P

Date of publication of application:
18.07.2012 Bulletin 2012/29

Divisional application:
16182489.1/ 3 116 142

Proprietor: LG Electronics Inc.
Seoul 150-721 (KR)

Inventors:

LEE, Dae Won

Anyang-si Gyeonggi-do 431-749 (KR)
ROH, Dong Wook

Anyang-si Gyeonggi-do 431-749 (KR)
KANG, Byeong Woo

Anyang-si Gyeonggi-do 431-749 (KR)

(74)

(56)

SEOK, Yong Ho

Anyang-si Gyeonggi-do 431-749 (KR)
NOH, Yu Jin

Anyang-si Gyeonggi-do 431-749 (KR)
KIM, Bong Hoe

Anyang-si Gyeonggi-do 431-749 (KR)

Representative: Gunzelmann, Rainer
Wouesthoff & Wuesthoff
Patentanwilte PartG mbB
Schweigerstrale 2

81541 Miinchen (DE)

References cited:
EP-A2- 2 056 644
WO-A1-2008/032979
WO-A2-2008/015543

WO-A1-01/72080
WO0-A1-2008/100093
US-A1- 2005 220 058

HUAWEI: "Downlink control signaling for
dual-layer beamforming", 3GPP DRAFT;
R1-093027 DOWNLINK CONTROL SIGNALING
FOR DUAL-LAYER BEAMFORMING, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP),
MOBILE COMPETENCE CENTRE ; 650, ROUTE
DES LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS
CEDEX ; FRANCE, vol. RAN WG1, no. Shenzhen,
China; 20090824 - 20090828, 18 August 2009
(2009-08-18), XP050597603, [retrieved on
2009-08-18]

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid.

(Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(Cont. next page)



EP 2 476 212 B1

* YUJIN NOH (LG ELECTRONICS): "Preamble
design aspects for MU-MIMO support ;
11-09-1161-00-00ac-preamble-design-aspects
-for-mu-mimo-support”, IEEE DRAFT;
11-09-1161-00-00AC-PREAMBLE-DESIGN-ASPE
CTS -FOR-MU-MIMO-SUPPORT, IEEE-SA
MENTOR, PISCATAWAY, NJ USA, vol. 802.11ac,
15 November 2009 (2009-11-15), pages 1-20,
XP017678116, [retrieved on 2009-11-15]

* HONGYUAN ZHANG(MARVELL): "802.11ac
preamble ;
11-10-0070-00-00ac-802-11ac-preamble”, IEEE
DRAFT;
11-10-0070-00-00AC-802-11AC-PREAMBLE,
IEEE-SA MENTOR, PISCATAWAY, NJ USA, vol.
802.11ac, 19 January 2010 (2010-01-19), pages
1-11, XP017677766, [retrieved on 2010-01-19]

¢ JOONSUK KIM (BROADCOM):
"Bit-Consideration-for-SIG-fields ;
11-10-0382-02-00ac-bit-consideration-for-s
ig-fields", IEEE DRAFT;
11-10-0382-02-00AC-BIT-CONSIDERATION-FOR
-S IG-FIELDS, IEEE-SA MENTOR, PISCATAWAY,
NJ USA, vol. 802.11ac, no. 2, 18 May 2010
(2010-05-18), pages 1-21, XP017677235,
[retrieved on 2010-05-18]




10

15

20

25

30

35

40

45

50

55

EP 2 476 212 B1
Description
Technical Field

[0001] The presentinvention relates to wireless communication, and more particularly, to a method and apparatus for
transmitting control information in a Wireless Local Area Network (WLAN) system supporting multiple antennas.

Background Art

[0002] With the recent development of information communication technology, a variety of wireless communication
techniques are being developed. From among them, a WLAN is a technique which wirelessly enables access to the
Internet at home or companies or in a specific service providing area using mobile terminals, such as a Personal Digital
Assistant (PDA), a laptop computer, and a Portable Multimedia Player (PMP), on the basis of radio frequency technology.
[0003] Since Institute of Electrical and Electronics Engineers (IEEE) 802 (i.e., the standard organization of WLAN
technology) has been set up February, 1980, lots of standardization task are being performed.

[0004] The initial WLAN technology was able to support the rate of 1 to 2 Mbps through frequency hopping, band
spreading, and infrared communication using a 2.4 GHz frequency band in accordance with IEEE 802.11, but recently
can support the maximum rate of 54 Mbps using Orthogonal Frequency Division Multiplex (OFDM). In addition, in IEEE
802.11, the standardization of various techniques, such as the improvement of Quality for Service (QoS), Access Point
(AP) protocol compatibility, security enhancement, radio resource measurement, wireless access vehicular environment
for vehicle environments, fast roaming, a mesh network, interworking with an external network, and wireless network
management, is being put to practical use being developed.

[0005] |IEEE 802.11b from the IEEE 802.11 supports a maximum transmission speed of 11 Mbs while using the 2.4
GHz frequency band. IEEE 802.11a commercialized since the IEEE 802.11b has reduced the influence of interference
as compared with the very complicated 2.4 GHz frequency band by using a 5 GHz frequency band not the 2.4 GHz
frequency band and also improved the transmission speed up to a maximum of 54 Mbps using the OFDM technique.
However, the IEEE 802.11a is disadvantageous in that the transmission distance is shorter than that of the IEEE 802.11b.
Further, IEEE 802.11g implements a maximum transmission speed of 54 Mbps using the 2.4 GHz frequency band like
the IEEE 802.11b, and it is significantly being in the spotlight because it satisfies backward compatibility. The IEEE
802.119 is superior to the IEEE 802.11a even in the transmission distance.

[0006] Further, as a technique for overcoming the limit to the transmission speed pointed out as vulnerabilities in the
WLAN, there is IEEE 802.11n which has recently been standardized. The IEEE 802.11n has its object to increase the
speed and reliability of a network and to expand the operating distance of a wireless network. More particularly, the
IEEE 802.11n is configured to support a High Throughput (HT) having a data processing speed of a maximum of 540
Mbps or more and based on a Multiple Inputs and Multiple Outputs (MIMO) technique using multiple antennas on both
sides of a transmitter and a receiver in order to minimize transmission error and optimize the data rate. Further, the IEEE
802.11n may use a coding method of transmitting several redundant copies in order to increase the reliability of data
and OFDM (Orthogonal Frequency Division Multiplex) in order to increase the speed.

[0007] With the wide spread of the WLAN and various applications using the WLAN, a necessity for a new WLAN
system for supporting a higher throughput than the data processing speed supported by the IEEE 802.11n is recently
gathering strength. A Very High Throughput (VHT) WLAN system is one of IEEE 802.11 WLAN systems which have
recently been newly proposed in order to support the data processing speed of 1 Gbps or more. The name of the VHT
WLAN system is arbitrary, and a feasibility test for a system using 4x4 MIMO and a channel bandwidth of 80 MHz or
more in order to provide the throughput of 1 Gbps or more is being performed.

[0008] The VHT WLAN system now being discussed includes two kinds of methods using a frequency band of 6 GHz
or less and a frequency band of 60 GHz. If the frequency band of 6 GHz or less is used, a possibility of coexistence with
conventional WLAN systems using the frequency band of 6 GHz or less can become problematic.

[0009] Meanwhile, the physical (PHY) layer architecture of the IEEE 802.11 consists of a PHY Layer Management
Entity (PLME), a Physical Layer Convergence Procedure (PLCP) sublayer, and a Physical Medium Dependent (PMD)
sublayer. The PLME functions to manage the physical layer while cooperating with a MAC Layer Management Entity
(MLME). The PLCP sublayer functions to transfer a MAC Protocol Data Unit (MPDU), received from the MAC layer, to
the PMD sublayer or transfers frames, received from the PMD sublayer, to the MAC layer between the MAC layer and
the PMD layer in accordance with an instruction of the MAC layer. The PMD sublayer is a lower layer of the PLCP and
it enables the transmission and reception of a physical layer entity between two stations through a radio medium.
[0010] The PLCP sublayer attaches additional fields, including information necessary for a physical layer transceiver,
to an MPDU in a process of receiving the MPDU from the MAC layer and sending the MPDU to the PMD sublayer. The
fields attached in this case can include a PLCP preamble for the MPDU, a PLCP header, tail bits over a data field, and
so on. The PLCP preamble functions to have a receiver prepare for a synchronization function and antenna diversity
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before a PSDU (PLCP Service Data Unit = MPDU) is transmitted. The PLCP header includes information about a frame
(e.g., PSDU Length Word (PLW)), information about the data rate of a PSDU portion, and information about header
error check.

[0011] The PLCP sublayer generates a PLCP Protocol Data Unit (PPDU) by adding the above fields to the MPDU
and sends the PPDU to a reception station via a PMD sublayer. The reception station restores data by acquiring the
PLCP preamble of the received PPDU and information about data restoration from the PLCP header.

[0012] In case where a variety of legacy stations and VHT stations, such as IEEE 802.11 a/ b/g/n, coexist, the legacy
station cannot recognize or erroneously recognize the PLCP format and thus can malfunction. In order to prevent the
above problem, in case where the PLCP format recognizable by the legacy stations and a format for the VHT stations
are attached to all transmission data so that the formats can be recognized by all the stations, overhead is increased,
thus hindering the efficient use of radio resources. Further, in a WLAN system supporting Multi-User (MU)-MIMO, in
case where radio frames are spatially multiplexed for multiple users and transmitted, there is a problem that a station
(i.e., not a target of transmission) cannot recognize the radio frames. It is also expected that the amount of control
information necessary to send, receive, and decode data will be increased according to the MU-MIMO support.

[0013] US 2005/0220058 A1 discloses a technique striving for reducing erroneous frame classifications in a radio
access network (RAN). Therein, an interface couples to the RAN supporting a downlink on a first channel with a first
data rate and a second channel with a lesser second data rate. A memory and a processor store and execute instructions
to determine a parameter associated with a received frame and determine that a classification condition associated with
the frame on one channel is erroneous based on a parameter associated with a frame on the other channel. The
classification condition is reclassified based on the parameter on the other channel and a power level adjustment can
be facilitated. The channels include a high capacity channel and a low capacity channel such as a supplemental channel,
fundamental channel or dedicated control channel in a cdma2000 RAN.

[0014] EP 2 056 644 A2 discloses using transport and logical channels in wireless transmissions to and from mobile
stations. Therein, a mapper may be used to dynamically or statically map the transport channels to the physical channels.
Further, physical layers may receive bearer traffic in physical channels and transmit the bearer traffic over corresponding
radio frequency carriers.

[0015] WO 01/72080 A1 discloses a process for access channel scheduling to radio channels shared by a plurality of
mobile units of an UMTS mobile telecommunication system. The process allows mobile units to access a base station
and to signal the assignment requests of a dedicated channel or to have direct access to the new channel in case of
asynchronous intercell handover. The process consists of marking a basic TDMA-CDMA frame within a multiframe with
periodicity and phase that can be separately controlled. The aggregate of the marked frames having equal phase forms
a subchannel shared by the mobile units to perform a specific access typology associated to that subchannel. The
access takes place through the transmission of a signature sequence randomly selected by the mobile units among a
plurality of different sequences associated to the carrier used in the cell. To mark the frames of a subchannel, inter alia
a frame number and parameters broadcast by the base station via a common control channel may be used.

[0016] In3GPP draftR1-093027 titled "Downlink control signaling for dual-layer beamforming" by Huawei it is proposed
that a new transmission mode is defined for dual-layer beamforming in Rel-9, that two new dedicated antenna ports are
defined and that a new DCI format could be defined for MU-MIMO beamforming. In such a format, DRS antenna port
information needs to be indicated. In addition a DRS pattern indication for PDSCH demodulation is possibly needed
considering forward compatibility with Rel-10.

[0017] Consideration is required for a new frame format for a method of transmitting control information in a WLAN
system supporting MU-MIMO and for a VHT WLAN system which can accommodate increasing control information,
support backward compatibility, and guarantee coexistence with a legacy station.

Summary of Invention

Technical Problem

[0018] Itis an object of the present invention to provide a method of transmitting control information in a WLAN system
supporting MU-MIMO.

[0019] It is another object of the present invention to provide a method of accommodating control information and
transmitting frames in a WLAN system supporting MU-MIMO.

Solution to Problem

[0020] Inanaspect, a method of transmitting control information in a Very High Throughput, VHT, IEEE 802.11 Wireless

Local Area Network (WLAN) system according to claim 1 is disclosed. In another aspect, an access point for transmitting
control information in a Very High Throughput, VHT, IEEE 802.11 WLAN system according to claim 2 is disclosed.
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Advantageous Effects of Invention

[0021] There are provided a control information transmission method and a PLCP frame format which can be applied
to a WLAN system supporting MU-MIMO. Further, the coexistence of a VHT station and a legacy station is guaranteed
because backward compatibility is supported.

Brief Description of Drawings
[0022]

FIG. 1 is a diagram showing an example of a WLAN system to which an embodiment of the present invention can
be applied;

FIG. 2 shows examples of the existing PLCP frame format;

FIG. 3 is a block diagram showing an example of a PLCP frame format according to an embodiment of the present
invention;

FIG. 4 shows an example of a PLCP frame applied to a VHT system according to the present invention;

FIG. 5 shows the allocation of resources used to transmit VHTSIG-A and VHTSIG-B;

FIG. 6 shows an example of a BPSK constellation for VHTSIG-A;

FIG. 7 is a flowchart illustrating a method of transmitting control information according to an embodiment of the
present invention;

FIGS. 8 to 37 are block diagrams showing examples of a PLCP frame structure and a transmission method according
to some embodiments of the present invention; and

FIG. 38 is a block diagram showing an embodiment of a radio apparatus in which an embodiment of the present
invention is implemented.

Mode for the Invention

[0023] Some embodiments of the present invention are described in detail with reference to the accompanying draw-
ings.

[0024] FIG. 1is a diagram showing an example of a WLAN system to which an embodiment of the present invention
can be applied.

[0025] Referring to FIG. 1, the WLAN system includes one or more Basic Service Sets (BSSs). The BSS is a set of
stations (STAs) which are successfully synchronized with other each and can perform transmission reciprocally. The
BSS is not a concept indicative of a specific area. Further, a BSS supporting ultra-high data processing of 1 GHz or
more in an MAC SAP, such as the WLAN system to which an embodiment of the present invention can be applied, is
referred to as a Very High Throughput (VHT) BSS.

[0026] The VHT BSS can be classified into an infrastructure BSS and an independent BSS (IBSS). Infrastructure
BSSs are shown in FIG. 1. The infrastructure BSSs BSS1 and BSS2 include one or more Non-AP STAs STA 1, STA 3,
and STA 4, APs AP 1 (STA 2) and AP 2 (STA 5) (i.e., stations providing distribution service, and a Distribution System
(DS) interconnecting the plurality of APs AP 1 and AP 2. In the infrastructure BSS, the AP STA manages the Non-AP
STAs of the BSS.

[0027] On the other hand, the independent BSS (IBSS) is operated in the ad-hoc mode. The IBSS does not include
a centralized management entity because it does not include an AP VHT STA. That s, in the IBSS, Non-AP STAs are
managed in a distributed manner. In the IBSS, all STAs can be composed of mobile STAs, and the STAs form a self-
contained network because they are not permitted to access a DS.

[0028] An STA is a certain function medium, including Medium Access Control (MAC) according to the IEEE 802.11
standards and a physical layer interface for a radio medium. The STA includes both an AP and a Non-AP STA in a broad
sense. Further, in a multi-channel environment to be described later, an STA supporting ultra-high data processing of
1 GHz or more is also referred to as a VHT STA. In a VHT WLAN system to which an embodiment of the present invention
can be applied, all STAs included in the above BSS may be VHT STAs, or VHT STAs and legacy STAs (e.g., HT STAs
according to IEEE 802.11 a/b/g/n) can coexist in the above BSS.

[0029] An STA for wireless communication includes a processor and a transceiver and can further include a user
interface, display means, and so on. The processor is a function unit designed to generate frames to be transmitted over
a wireless network or to process frames received over the wireless network. The processor performs several functions
for controlling STAs. Further, the transceiver is functionally coupled to the processor and is a unit designed to transmit
and receive frames over a wireless network for STAs.

[0030] Portable terminals manipulated by users, from among STAs, are Non-AP STAs STA1, STA3, STA4, and STAS5.
Assuming that the mobile terminals are simply STAs, they also refer to Non-AP STAs. The Non-AP STA may be referred
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to as another terminology, such as a terminal, a Wireless Transmit/Receive Unit (WTRU), a User Equipment (UE), a
Mobile Station (MS), a mobile terminal, or a Mobile Subscriber Unit. Further, a Non-AP STA supporting ultra-high data
processing on the basis of the MU-MIMO technique to be described later is referred to as a Non-AP VHT STA (or simply
a VHT STA).

[0031] Further, the APs AP1 and AP2 are function entities which provide access to the DS via a radio medium for
STAs associated therewith. It is a principle that in an infrastructure BSS including an AP, communication between Non-
AP STAs is performed via the AP. However, in case where a direct link is established, such communication can be
directly performed between the Non-AP STAs. The AP can be referred to as another terminology, such as a centralized
controller, a Base Station (BS), a node-B, a Base Transceiver System (BTS), or a side controller, in addition to an access
point. Further, an AP supporting ultra-high data processing on the basis of the MU-MIMO technique to be described
later is called a VHT AP.

[0032] A plurality of infrastructure BSSs can be interconnected through a Distribution System (DS). The plurality of
BSSs interconnected through the DS is called an Extended Service Set (ESS). STAs included in the ESS can commu-
nicate with each other. Non-AP STAs within the same ESS can move from one BSS to another BSS while seamlessly
communicating with each other.

[0033] The DS is a mechanism for allowing one AP to communicate with another AP. In case where an AP sends
frames for STAs associated with a BSS managed by the AP or any one STA moves to another BSS, the DS can transfer
the frames or transfer the frames over an external network, such as a wired network. The DS needs not to be necessarily
a network and can include any type as long as it can provide a certain distribution service defined in the IEEE 802.11.
For example, the DS may be a wireless network, such as a mesh network, or a physical structure interconnecting APs.
[0034] Meanwhile, a VHT WLAN system uses MU-MIMO so that several STAs can efficiently use wireless channels
simultaneously. In other words, the VHT WLAN system allows several STAs to perform transmission and reception to
and from an AP at the same time. The AP can send a spatially multiplexed radio frame to several STAs at the same
time. To this end, the AP may perform beam-forming by measuring channel situations and may transmit and receive
data using a plurality of spatial streams.

[0035] Hereinafter, to transmit the multiplexed data to a plurality of STAs is referred to as MU-MIMO transmission or
SDMA transmission. In MU-MIMO transmission, at least one spatial stream is allocated to each of the STAs (i.e., targets
of transmission), and data can be transmitted using the allocated spatial stream.

[0036] Hereinafter, a conventional STA (i.e., Non-VHT STA) is referred to as a legacy STA. The legacy STA includes
a Non-HT STA supporting IEEE 802.11 a/b/g standards and an HT STA supporting IEEE 802.11n standards. In various
PLCP frame formats proposed by the present invention and described later, fields denoted by the same name, unless
specially mentioned, have the same function in the entire specification.

[0037] A PLCP frame according to the PLCP frame format proposed by the present invention is generated in the PLCP
sublayer of an STA and sent to a transmission target STA using a PLCP frame transmission method, proposed by the
present invention, through multiple antennas via a PMD sublayer. Hereinafter, the PLCP frame format and a method of
transmitting fields constructing the same, which are described with reference to the accompanying drawings, are exam-
ples of various embodiments of the present invention, and the transmission sequence of the fields is not limited to that
shown in the drawings. In the following description, the transmission sequence, unless not specially described, can be
changed, and some fields can be omitted or added by necessity. The PLCP frame format and the method of transmitting
the same to be described later can be adaptively selected and used according to the types and number of STAs
constituting a BSS, the amount of data to be transmitted, priority, and so on.

[0038] FIG. 2 shows examples of the existing PLCP frame formats. For the PLCP frame formats, reference can be
made to sub-clause 20.3 of "Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) specifi-
cations; Amendment 5: Enhancements for Higher Throughput" of IEEE 802.11n/D11.0 disclosed June, 2009.

[0039] The IEEE 802.11n standards provide three types of Physical Layer Convergence Procedure (PLCP) frames,
including a Non-HT format, an HT-mixed format, and an HT-greenfield format. The PLCP frame is used to transmit a
PLCP Protocol Data Unit (PPDU).

[0040] Elements included in the PLCP frame are listed in the following table.

[Table 1]
Element Description
L-STF (Non-HT Short Training Field) Used for frame timing acquisition and automatic gain control (AGC)
convergence
L-LTF (Non-HT Long Training Field) Used for channel estimation
L-SIG (Non-HT SIGNAL field) Including information for demodulating and decoding data for L-STA
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(continued)

Element Description

HT-SIG (HT SIGNAL field) Including information for HT-STA to demodulate and decode data
HT-STF (HT Short Training Field) Used for frame timing acquisition and AGC convergence

HT-GF-STF (HT-Green Field Short Used for frame timing acquisition and AGC convergence (readable by
Training Field) only HT STA)

HT-LTF1 (First HT Long Training Field) Used for channel estimation

HT-LTF (HT Long Training Field) Including data HT-LTF used for channel estimation for data demodulation
for HT-STA and extension HT-LTF used for channel sounding
Data field Including PHY Service Data Unit (PSDU)

[0041] The Non-HT format is used for an L-STA, and it includes an L-STF, an L-LTF, and an L-SIG.

[0042] The HT-mixed format is used when an HT-STA and an L-STA coexist. In order to provide an L-STA with
backward compatibility, the L-STF, the L-LTF, and the L-SIG are first sequentially. The HT-SIG is used for an HT-STA
to decode data.

[0043] The HT-greenfield format is used in a system composed of only HT-STAs. That is, a L-STA cannot receive a
PLCP frame that follows the HT-greenfield format.

[0044] Short Training Fields (STFs), such as the L-STF, the HT-STF, and the HT-GF-STF, are used for frame timing
acquisition, AGC (automatic gain control), etc. and thus are also referred to a synchronization signal or a synchronization
channel. That is, the STF is used to meet synchronization between STAs or an STA and an AP.

[0045] Long Training Fields (LTFs), such as the L-LTF and the HT-LTF, are used for channel estimation for the
demodulation of data or control information or both and thus are also referred to a reference signal, a training signal, or
a preamble.

[0046] The L-SIG and the HT-SIG are referred to as control information because they provide several pieces of
information necessary to decode data.

[0047] FIG. 3 is a block diagram showing an example of the PLCP frame format according to an embodiment of the
present invention.

[0048] A VHT PLCP frame 300 includes a VHTSIG-A field 330, a VHTSIG-B field 340, and a DATA field 360. Each
of the VHTSIG-A field 330 and the VHTSIG-B field 340 includes control information which is necessary for a reception
STA to demodulate and decode the DATA field 360. The names of the VHTSIG-A field 330 and the VHTSIG-B field 340
are arbitrary and can be represented in various ways by first control information and second control information, respec-
tively, or a first control signal and a second control signal, respectively.

[0049] The VHTSIG-A field 330 further includes common information about MU-MIMO transmission of fields to be
subsequently transmitted. The VHTSIG-A field 330 can be transmitted so that all STAs within a BSS can receive the
VHTSIG-A field 330. The VHTSIG-A field 330 may include information about a target STA of the VHTSIG-B field 340 to
be subsequently transmitted and information necessary to receive the VHTSIG-B field 340. The VHTSIG-A field 330
can further include common information in the transmission of data to the target STA. For example, the VHTSIG-A field
330 may include information indicating an SDMA transmission time, together with information about a channel bandwidth
used, modulation and coding information, and information about the number of spatial streams used. The SDMA trans-
mission time is the time that Spatial Division Multiple Access (SDMA) data (i.e., a spatially multiplexed data frame for a
plurality of STAs) is taken to be transmitted, and it can be referred to as an MU-MIMO transmission time. An STA other
than a target of transmission can receive information indicating the SDMA transmission time, set a Network Allocation
Vector (NAV) for the corresponding transmission time, and defer channel access.

[0050] The VHT-SIG B field 340 includes a parameter value which is used for SDMA transmission every target STA.
For example, the VHT-SIG B field 340 may include information about parameter values which may be differently set
according to an individual STA, such as an MCS index value indicating a Modulation and Coding Scheme (MCS) used,
the bandwidth of a channel, and a value indicating the number of spatial streams.

[0051] The DATA field 360 includes SDMA-precoded data which will be transmitted to an STA (i.e., a target of trans-
mission) and may further include tail bits or a bit padding element or both by necessity.

[0052] The VHT PLCP frame 300 may further include one or more fields, including information for performing frame
timing acquisition and AGC convergence and for selecting diversity and information for channel estimation. The one or
more fields may have aformat recognizable by alegacy STAand an HT STA or may have the field of aformat, recognizable
by a legacy STA and an HT STA, added thereto.

[0053] A transmission station which transmits the VHT PLCP frame 300 transmits the VHTSIG-A field 330 omni-



10

15

20

25

30

35

40

45

50

55

EP 2 476 212 B1

directionally without SDMA precoding, and applies SDMA precoding and beam-forming to the VHTSIG-B field 340 and
the subsequent DATA field 360 and transmits them. In the present invention, transmission of signals omni-directionally
may be transmission of signals using time domain cyclic delay diversity beam-forming, where signals transmitted in each
transmit antenna are time domain cyclic shifted signals within an OFDM symbol of other transmit antennas.

[0054] The STAs of a BSS receive the VHTSIG-A field 330, transmitted omni-directionally, without SDMA precoding.
An STA not belonging to targets of transmission can set an NAV during a period indicated by the SDMA transmission
time information included in the VHTSIG-A field 330 and defer channel access. An STA belonging to the targets of
transmission can acquire information individualized therefore from the VHTSIG-B field 340 and canreceive, demodulate,
and decode data transmitted thereto.

[0055] FIG. 4 shows an example of a PLCP frame applied to a VHT system according to the present invention.
[0056] The PLCP frame includes an L-STF 410, an L-STF 420, an L-SIG 420, VHTSIG-A 440, a VHT-STF 450, VHT-
LTFs 460, VHTSIG-Bs 470, and data 480.

[0057] The L-STF 410 is used for frame timing acquisition, AGC (automatic gain control) control, coarse frequency
acquisition, etc.

[0058] The L-LTF 420 is used for channel estimation for demodulating the L-SIG 420 and the VHTSIG-A 440.
[0059] The VHT-STF 450 is used for a VHT-STA in order to improve AGC estimation in an MIMO system.

[0060] A plurality of the VHT-LTFs 460 is included and used for channel estimation for demodulating the VHTSIG-B
470 and the data 480. The VHT-LTF 460 can also be referred to as a data VHT-LTF. In addition, an extension VHT-LTF
for channel sounding can be used.

[0061] Beamformingis notappliedto the L-STF 410, the L-LTF 420, the L-SIG 430, and the VHTSIG-A 440. Meanwhile,
beam-forming for MU-MIMO is applied to the VHT-STF 450, the VHT-LTFs 460, the VHTSIG-Bs 470, and the data 480.
In the beam-forming, each field is processed through the same precoding matrix (or precoding vector). Since the data
480 and the VHT-LTFs 460 are processed through the same precoding matrix, a VHT-STA can directly demodulate or
decode the data 480 through a channel estimated using the VHT-LTF 460 although it does not know the precoding matrix.
[0062] Different cyclic shifts can be applied to a region not subjected to beam-forming and a region subjected to beam-
forming, within a PLCP frame. That is, a first cyclic shift can be applied to the L-STF 410, the L-LTF 420, the L-SIG 430,
and the VHTSIG-A 440, and a second cyclic shift can be applied to the VHT-STF 450, the VHT-LTFs 460, and the
VHTSIG-B 470.

[0063] The cyclic shift can be applied to each OFDM symbol. Further, the cyclic shift can be given every transmission
chain.

[0064] For example, assuming that a cyclic shift amount T is applied to a signal s(t) of an interval 0<t<T, a cyclically
shifted signal s4(t) can be defined as follows.

[Math.1]
- < t=<<T+
o (67| ST 0Si<THT,
s(t-T.-T) T+T, <t<T

[0065] Each PSDU included in the data 480 through beam-forming is transmitted to each STA.

[0066] For a VHT-STA, two kinds of control information, including the VHTSIG-A 440 and the VHTSIG-Bs 470, are
includedinthe PLCP frame. The VHTSIG-A 440 indicates public control information (or also called first control information)
for allowing the VHTSIG-B 470 to be received by each STA. The VHTSIG-B 470 indicates STA-specific control information
(or called second control information) for allowing each STA to demodulate or decode or both its own data 480.
[0067] The public control information can include at least one of the following fields.

[Table 2]
Field Name Description
SIG-B Length Indicate the length of VHTSIG-B
MU-MIMO Indicator Indicate whether MU-MIMO is used or can toggle SU-MIMO/MU-MIMO
Bandwidth Indicate the bandwidth of a channel
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(continued)

Field Name Description

STA Indicator Indicate an STA which will receive VHTSIG-B. It can indicate the address of an STA
or indicate the ID of an STA or the index of VHTSIG-B

Number of multiplexings The number of STAs (users) multiplexed through MU-MIMO

Decoding indicator Indicate information for decoding VHTSIG-B

[0068] The STA-specific control information (or also called user-specific control information) can include at least one
of the following fields.

[Table 3]
Field Name Description
MCS Indicate MCS (modulation and coding scheme) information necessary to decode data
STAID Indicate an STA which will use MCS

[0069] In Tables 2 and 3, the field names are only illustrative and another name can be used. The fields of Tables 2
and 3 are only illustrative, some of the fields can be omitted, and other fields can be further added the fields.

[0070] FIG. 5 shows the allocation of resources used to transmit VHTSIG-A and VHTSIG-B.

[0071] Assuming that a bandwidth of 20 MHz is used, an L-STF, an L-LTF, an L-SIG, and VHTSIG-A in which beam-
forming is not used uses 52 subcarriers (called narrowband (NB) subcarriers) every OFDM (Orthogonal Frequency
Division Multiplexing) symbol in order to support an L-STA. The 52 NB subcarriers can be classified into 48 data NB
subcarriers and 4 pilot NB subcarriers.

[0072] AVHT-LTF and VHTSIG-B in which beam-forming is used uses same subcarriers of DATA field OFDM symbols,
which are 56 subcarriers (called wideband (WB) subcarriers) every OFDM symbol. The 56 WB subcarriers can be
classified into 52 data WB subcarriers and 4 pilot WB subcarriers.

[0073] AnL-STAuses52 subcarriers every OFDM symbolina20MHz band. In order to provide backward compatibility,
the VHTSIG-A uses the same number of subcarriers as the L-STF and the L-LTF.

[0074] ThelL-STF uses Quadrature Phase Shift Keying (QPSK) modulation, and it can be represented by the sequence
S of the following frequency domain in one OFDM symbol.

S.626=K{0,0,147,0,0,0,-1-1,0,0,0,14j,0,0,0,-1-5,0,0,0,-1-3,0,0,0,14;,0,0,0,0,0,0,0,-1-},0,
0,0,-1-3,0,0,0,1+45,0,0,0,1+3,0,0,0,1+j,0,0,0,1+3,0,0}

where K is a QPSK normalization factor and K= |'1 ; 2 . A DC subcarrier is not used.
[0075] The L-LTF can be represented by the sequence T of the following frequency domain in one OFDM symbol.

T—26,26:{1717_17_171717_1’17_171’171’171’17_17_171’17_171’_1’171’171’071’_1’_1’171’_1’17_171’
-1,-1,-1,-1,-1,1,1,-1,-1,1,-1,1,-1,1,1,1,1}

[0076] The L-SIG uses Binary Phase Shift Keying (BPSK) modulation and can have 48 bits because 48 data NB
subcarriers are allocated thereto. When the L-SIG has a 1/2 code rate, the number of information bits of the L-SIG is 24.
[0077] The VHTSIG-A also uses BPSK modulation and can have 48 bits every OFDM symbol because 48 data NB
subcarriers are allocated thereto. When the VHTSIG-A has a 1/2 code rate and 2 OFDM symbols allocated thereto, the
number of information bits of the VHTSIG-A is 48.

[0078] In order to facilitate the detection of the VHTSIG-A, a BPSK constellation for the VHTSIG-A can be rotated
around a BPSK constellation for the L-SIG.

[0079] FIG. 6 shows an example of BPSK constellation for VHTSIG-A.

[0080] InFIG. 6, the BPSK constellation for VHTSIG-A has been rotated by 90 degrees around a BPSK constellation
for an L-SIG. This is called a rotated constellation. However, this is only illustrative, and the rotation angle can be 45
degrees, 180 degrees, and the like. Further, such rotation can be applied to not only BPSK, but also QPSK, 8-PSK, and
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16-QAM.

[0081] Referring back to FIG. 4, the VHT-STF, the VHT-LTF, and the VHTSIG-B in which beam-forming is used do
not need to maintain compatibility with an L-STA, and use 56 subcarriers every OFDM symbol in order to increase
frequency efficiency.

[0082] The VHT-STF uses QPSK (Quadrature Phase Shift Keying) modulation and can be defined as the following
sequence VHTS in one OFDM symbuol.

VHTS .=K{0,0,0,0,1+},0,0,0,-1-},0,0,0,1+},0,0,0,-1-1,0,0,0,-1-,0,0,0,1+i,0,0,0,0,0,0
,0,-1-,0,0,0,-1-1,0,0,0,1+1,0,0,0,1+},0,0,0,1+},0,0,0,1+},0,0,0}

where K is a QPSK normalization factor and K= |'|1 f' 2

[0083] The VHT-LTF can be represented by the sequence VHTT of the following frequency domain in one OFDM
symbol.

VHTT-28,28:{171’171’_1’_1’171’_1’17_171’171’171’17_17_171’17_1717_17171717170717_17_171717
-1,1,-1,1,-1,-1,-1,-1,-1,1,1,-1,-1,1,-1,1,-1,1,1,1,1,-1,-1}

[0084] The VHTSIG-B is mapped using the same modulation as the VHTSIG-A (i.e., a rotated BPSK constellation),
and it uses one OFDM symbol. The VHTSIG-B uses 52 data subcarriers every OFDM symbol. Accordingly, when the
VHTSIG-B has a 1/2 code rate, the number of information bits of the VHTSIG-B is 26.

[0085] In order to support MU-MIMO, control information necessary to decode data is divided into VHTSIG-A and
VHTSIG-B. The VHTSIG-A is transmitted in omni-directionally and the VHTSIG-B is transmitted directionally. In other
words, for transmission of the VHTSIG-A, channel specific beam-forming is not used(but cyclic delay shifted beam-
forming may be used) and for transmission of the VHTSIG-B, beam-forming is used.

[0086] The number of subcarriers (e.g., 52) allocated to the VHTSIG-A is smaller than the number of subcarriers (e.g.,
56) allocated to the VHTSIG-B. This means that frequency domain resources allocated to the VHTSIG-A are smaller
than frequency domain resources allocated to the VHTSIG-B. This is because the VHTSIG-A is decoded using the
channel estimation of an L-LTF in order to maintain backward compatibility.

[0087] The numberof OFDM symbols (e.g., 2) allocated to the VHTSIG-A is greater than the number of OFDM symbols
(e.g., 1) allocated to the VHTSIG-B. This means that time domain resources allocated to the VHTSIG-A is greater than
time domain resources allocated to the VHTSIG-B. This is because if more STAs are multiplexed using MU-MIMO, only
one OFDM symbol can be insufficient to transmit the VHTSIG-A.

[0088] Whenan L-STA and a VHT-STA coexistin a 20 MHz bandwidth, different time resources or different frequency
resources or both can be allocated to a region providing backward compatibility and a region not providing backward
compatibility. The time and frequency domains supported by all Non-AP STAs and APs within a BSS are allocated to
an STF, an LTF, and public control information which are transmitted in the region providing backward compatibility.
The time and frequency domains supported by only a VHT-STA or a VHT-AP are allocated to an STF, an LTF, and STA-
specific control information in the region not providing backward compatibility. Accordingly, backward compatibility can
be guaranteed, and higher frequency efficiency can be provided to a VHT-STA supporting MU-MIMO.

[0089] In the above structure, a time domain waveform for 20MHz VHTSIG-A can be represented by the following
equation.

[Math2]
- 1 é
w (t—nT )-
Tone _ TSW SW
\/ Nrx -Nyprsig-4 "0
26

> B, Dy ,,+P, 15
k=26 n"kn" fntl'k

1
rx —
WHTSIG-A4®) =

i
exp(j27kA  (t - nTgppg —Tgr - NEE )]

[0090] The (3, is phase rotation value such as +1 or +j, where VHTSIG-A modulated symbols are phase rotated to
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ensure VHT preamble detection. For Wider bandwidths such as 40, 80, or 160 MHz, the time domain waveform of 20MHz

is duplicated in each 20MHz band frequency of the transmitted signal.
[0091] Further, a time domain waveform for the VHTSIG-B can be represented by the following equation.

[Math.3]

1 1
Z WTSI'M (t h nTSYM) )

Wirsic-g{) = oo
\/ Ngrs - Nyursig-p =0

Ng Nes |
> 2 (Dl i [Burirrlig 1 (D + PriiBr)
k=—Ng igrg=1

exp(j2zkAp(t —nTgypy — Ty — Ngfé )

Ntx : the number of transmission chains

Ngts : the number of space time streams

NiTXg : the cyclic shift of an iTX transmission chain

NSTS ¢ : the cyclic shift of an iSTS space time stream

Ntone, i the number of subcarriers used in VHTSIG-A

Ntone, -1 _a : the number of subcarriers used in VHTSIG-B

Ngg : the number of subcarriers in half of the transmitted signal bandwidth used for VHTSIG-B
Bn : phase rotation value

Tgym : sSymbol duration

Tg - guard interval duration

Pyntite - VHT-LTF mapping matrix

D n» Pns P, Qi : parameters given in Paragraph 20.3 of EEE 802.11n/D11.0

[0092] Although not shown in FIG. 4, an HT-SIG can be further included in the PLCP frame. The HT-SIG can be
disposed after the L-SIG or the VHTSIG-A. If the HT-SIG is further included, an HT-STF and an HT-LTF can be further
included. If a PLCP frame does not provide backward compatibility to an L-STA, the L-STF, the L-LTF, and the L-SIG
may not be included. Various PLCP frame formats relating to the above according to embodiments of the present
invention are described in detail with re

ference to block diagrams.

[0093] In the above embodiment, although the 20 MHz bandwidth has been described, this is only illustrative. Em-
bodiments of the present invention can be applied to a bandwidth of 40 MHz or more. Further, embodiments of the
present invention can be applied to a structure in which a plurality of the 20 MHz bandwidths or the 40 MHz bandwidths
is combined together.

[0094] In the 40 MHz bandwidth, an L-STF, an L-LTF, an L-SIG, and VHTSIG-A in which beam-forming is not used
uses 104 subcarriers every OFDM symbol in order to supportan L-STA. VHT-LTF and VHTSIG-B in which beam-forming
is used uses 112 subcarriers every OFDM symbol.

[0095] Inthe 40 MHz bandwidth, the L-LTF can be represented by the sequence T of the following frequency domain
in one OFDM symbol.

T.58,58={1,1,-1,-1,1,1,-1,1,-1,1,1,1,1,1,1,-1,-1,1,1,-1,1,-1,1,1,1,1,0,1,-1,-1,1,1,-
1,1,-1,1,-1,-1,-1,-1,-1,1,1,-1,-1,1,-1,1,-1,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,1,1,-1,-1,1,1,-
1,1,-1,1,1,1,1 ,1,1,-1,-1,1,1,-1,1,-1,1,1,1,1,0,1,-1,-1,1,1,-1,1,-1,1,-1,-1,-1,-1,-1,1,1,-
1,-1,1,-1,1,-1,1,1, 1,1 }

[0096] In the 40 MHz bandwidth, the VHT-LTF can be represented by the sequence VHTT of the following frequency
domain in one OFDM symbol.
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VHTT.58,58={ 1,1,-1,-1,1,1,-1,1,-1,1,1,1,1,1,1,-1,-1,1,1,-1,1,-1,1,1,1,1,1,1,-1,-
1,1,1,-1,1 -1,1,-1,-1,-1,-1,-1,1,1,-1,-1,1,-1,1,-1,1,1,1,1,-1,-1,-1,1,0,0,0,-1,1,1,-1,1,1,-
1,-1,11,1,1,-1,1,1,1,1,1,1,-1,-1,1,1,-1,1,-1,1,1,1,1,1,1,-1,-1,1,1,-1,1,-1,1,-1,-1,-1,-
1,-1,1,1,-1,-1,1,-1,1,-1,1,1,1,1 }

[0097] FIG. 7 is a flowchart illustrating a method of transmitting control information according to an embodiment of the
present invention.

[0098] An STAoran AP transmits public control information at step $S710. The public control information is transmitted
omni-directionally without using beam-forming. The public control information is decoded using a channel which is
estimated through an LLTF transmitted in a previous OFDM symbol.

[0099] After transmitting the public control information, the STA or the AP transmits STA-specific control information
at step $720. The STA-specific control information is transmitted to a specific STA (or a specific user) using beam-
forming. A specific STA first receives the public control information, acquires information for receiving STA-specific
control information, and then receives the STA-specific control information which has been beam-formed and transmitted.
The STA-specific control information is decoded using a channel which is estimated through VHT-LTFs transmitted in
an OFDM symbol between the public control information and the STA-specific control information.

[0100] Since all Non-AP STAs and APs within a BSS must be able to receive the control information, the time and
frequency domains supported by all the Non-AP STAs and APs within the BSS are allocated to the public control
information. Meanwhile, since the STA-specific control information is received by only a specific STA or a specific AP,
the time/frequency domains supported by the specific STA or the specific AP are allocated to the STA-specific control
information. Accordingly, backward compatibility can be guaranteed, and higher frequency efficiency can also be provided
to a VHT-STA supporting MU-MIMO.

[0101] Inthe frequency domain, the magnitude of frequency resources of the public control information can be smaller
than the magnitude of frequency resources of the STA-specific controlinformation. For example, the number of subcarriers
allocated to the public control information may be smaller than the number of subcarriers allocated to the STA-specific
control information.

[0102] In the time domain, the magnitude of time resources of the public control information may be greater than the
magnitude of time resources of the STA-specific control information. For example, the number of OFDM symbols allocated
to the public control information may be greater than the number of OFDM symbols allocated to the STA-specific control
information.

[0103] Different amounts of cyclic shifts may be applied to the public control information and the STA-specific control
information.

[0104] The method of allocating frequency resources, the modulation method, the transmission method, and the
method of applying a cyclic shift in relation to the control information can be applied to various PLCP frame formats
likewise, proposed by the present invention.

[0105] FIG. 8 shows an example of a PLCP frame structure. FIG. 8 shows a method of adding a middle VTF-LTF to
an intermediate part in which data are transmitted in the PLCP frame of FIG. 4.

[0106] Although a common WLAN system assumes an indoor environment, a possibility that the common WLAN
system will be used in an outdoor environment cannot be excluded. For example, the WLAN can be used in campuses,
outdoor parking places, etc. The outdoor environment has a greater change in the channel than the indoor environment.
[0107] If the amount of data is much and so the transmission interval of the data is long even though only the Doppler
effects are taken into consideration, performance is expected to be deteriorated because there is a possibility that the
channel can be changed during the long transmission interval.

[0108] Although the data can be divided and transmitted, there may be overhead for STFs and LTFs according to the
format of a PCLP frame. Accordingly, the performance of channel estimation can be prevented from being deteriorated
even in a change of a channel environment by adding middle VHT-LTFs for the channel estimation in the middle portion
of data.

[0109] Whether the middle VHT-LTFs will be transmitted can be informed through VHTSIG-A or VHTSIG-B.

[0110] FIG. 9 shows another example of the PLCP frame structure. FIG. 9 proposes a method of adding the last VTF-
LTFs to the last of the PLCP frame of FIG. 4.

[0111] FIG. 10 is a block diagram showing an example of a VHT-GF PLCP frame format proposed by the present
invention.

[0112] The VHT-GF PLCP frame proposed by the present invention is transmitted in order of a VHT-GF-STF (VHT
Green Field Short Training Field), a VHT-LTF1 (VHT Long Training Field 1), and VHTSIG-A 1050. The VHT-GF-STF
and the VHT-LTF1 include a control signal for frame timing acquisition, AGC (automatic gain control) convergence, and
channel estimation. The VHT-GF-STF, the VHT-LTF1, and the VHTSIG-A 1050 are transmitted omni-directionally. It
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can be recognized that a channel is being used by receiving the VHT-GF-STF, the VHT-LTF1, and the VHTSIG-A 1050
in which the VHT STAs of a BSS (Basic Service Set) are transmitted omni-directionally.

[0113] VHTSIG-B 1060, VHT-LTFs, and a data field which are transmitted after the VHTSIG-A 1050 are subjected to
SDMA precoding and beam-forming and then transmitted. The VHTSIG-B 1060, the VHT-LTFs, and the data field can
be used to transmit information, individualized every target STA, because they are transmitted to a plurality of the target
STAs through MU-MIMO.

[0114] FIG. 10 illustrates that a different cyclic shift can be used as cyclic shift CSD1 up to the VHTSIG-A 1050 and
as cyclic shift CSD2 after the VHTSIG-A 1050.

[0115] FIG. 11 is a block diagram showing another example of the VHT-GF-PLCP frame format proposed by the
present invention.

[0116] The VHT-GF-PLCP frame format of FIG. 11 shows an example inwhich a VHT-LTF2 1154 is further transmitted
between the VHTSIG-A and the VHTSIG-B in the VHT-GF-PLCP frame of FIG. 10. The VHT-LTF2 1154 is transmitted
anterior to the VHTSIG-B and it thus provides control information to be used for channel estimation which enables a
reception STA to receive the VHTSIG-B to be subsequently transmitted.

[0117] FIG. 12 is a block diagram showing yet another example of the VHT-GF-PLCP frame format proposed by the
present invention.

[0118] The VHT-GF-PLCP frame format of FIG. 12 shows an example in which a VHT-STF 1252 is further transmitted
between the VHTSIG-A and the VHT-LTF2 in the VHT-GF-PLCP frame of FIG. 11. The reason why the VHT-STF 1252
is further transmitted is to transmit a control signal so that a reception STA can properly compensate for transmission
power in AGC which can vary according to a change of a transmission method because of omni-directional beam-forming
transmission.

[0119] FIG. 13 is a block diagram showing still yet another example of the VHT-GF-PLCP frame format proposed by
the present invention.

[0120] A VHT-GF-STF, a VHT-LTF1, and one VHTSIG 1350 are transmitted omni-directionally so that they can be
received by all the STAs of a BSS. Next, precoding is performed, and a VHT-STF, VHT-LTFs, and a data field are then
subjected to beam-forming and transmitted.

[0121] FIG. 14 is a block diagram showing still yet another example of the VHT-GF-PLCP frame format proposed by
the present invention.

[0122] The VHT-GF-PLCP frame of FIG. 14, like the VHT-GF-PLCP frame of FIG. 13, is used to transmit a VHT-GF-
STF, a VHT-LTF1, VHTSIG-A 1450, and VHTSIG-B 1460 omni-directionally so that the VHT-GF-STF, the VHT-LTF1,
the VHTSIG-A 1450, and the VHTSIG-B 1460 can be received by all the STAs of a BSS. Next, precoding is performed,
and a VHT-STF, VHT-LTFs, and a data field are then subjected to beam-forming and transmitted. In this case, when
spatially multiplexed data are transmitted to a plurality of target STAs, the number of streams through MU-MIMO may
be variable. Accordingly, control information may also be variable. In the VHT-GF-PLCP frame format of FIG. 14, the
VHT-SIG 1350 of FIG. 13 is divided into the VHTSIG-A 1450 and the VHTSIG-B 1460, and the VHTSIG-A 1450 can
indicate information about the magnitude of the VHTSIG-B 1460 including control information about each variable target
STA.

[0123] FIG. 15 is a block diagram showing still yet another example of the VHT-GF-PLCP frame format proposed by
the present invention.

[0124] TheVHT-GF-PLCP frame formatof FIG. 15 shows an example in whicha VHT-GF-STF,a VHT-LTF1, VHTSIG-
A, and VHTSIG-B are transmitted omni-directionally, and then a VHT-STF, VHT-LTFs, and adata field are then subjected
to precoded, beam-forming, and then transmitted. Unlike the VHT-GF-PLCP frames of FIGS. 10 to 14 in which MU-
MIMO transmission is performed, the VHT-GF-PLCP frame of FIG. 15 shows an example of a PLCP frame in which SU-
MIMO transmissionis performed. The reason why both VHT-SIGs (i.e., the VHTSIG-A and the VHTSIG-B) are transmitted
omni-directionally is that there is no problem of collision and interference between PLCP frames toward different STAs
because SDMA transmission is not performed unlike MU-MIMO transmission.

[0125] The VHTSIG-A 1550 and the VHTSIG-B 1560 can include an indicator, indicating whether the VHT-GF-PLCP
frame is the VHT-GF-PLCP frame of MU-MIMO or the VHT-GF-PLCP frame of SU-MIMO, in the form of a subfield. For
example, in case where a type subfield, including information indicative of the type of a VHT-GF-PLCP frame, is set to
0 and transmitted, a reception STA can recognize the indicator as a SU-MIMO VHT-GF-PLCP frame. Further, in case
where the type subfield is set to 1 and transmitted, the reception STA can recognize the indicator as an MU-MIMO VHT-
GF-PLCP frame.

[0126] AVHT-STF including a control signal for compensation in AGC according to a change of a transmission method
is transmitted after the VHTSIG-B 1560. Fields posterior to the VHT-STF are subjected to precoding and beam-forming
and then transmitted.

[0127] FIG. 16 is a block diagram showing still yet another example of the VHT-GF-PLCP frame format proposed by
the present invention.

[0128] The VHT-GF-PLCP frame format of FIG. 16 may be used in case where even VHTSIG-A needs not to be
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transmitted to other STAs of a BSS using a VHT-GF-PLCP frame format which can be used in SU-MIMO. Unlike in the
exampleof FIG. 15, inthe VHT-GF-PLCP frame of FIG. 16, all the fields are subjected to SDMA precoding and transmitted.
Since there is no change of a transmission method in the transmission of the frame, the VHT-STF may be omitted unlike
the PLCP frame format of FIG. 15.

[0129] FIG. 17 is a block diagram showing an example of a VHT-mixed PLCP frame format proposed by the present
invention.

[0130] The VHT-mixed PLCP frame proposed by the present invention includes a training field and a signal (SIG) field
for legacy STAs. The training field and the signal field for legacy STAs are transmitted anterior to a training field and a
signal field for VHT STAs so that the legacy STAs can know that a channel is being used by receiving the training field
and the signal field for legacy STAs.

[0131] Referring to FIG. 17, an L-STF (legacy short training field) ad an L-LTF (legacy long training field) (i.e., training
fields for legacy STAs) are first transmitted. The L-STF is used for frame timing acquisition and AGC (automatic gain
control) convergence, and the L-LTF is used for a signal field (SIG field) and channel estimation for data demodulation.
[0132] The signal field is transmitted posterior to the training fields. Here, an L-SIG for a Non-HT STA and an HT-SIG
for an HT STA may be transmitted. The HT-SIG, as in the example of FIG. 10, may be transmitted in the form of one
field posterior to the L-SIG or may be included in the L-SIG and then transmitted as needed. The L-SIG and the HT-SIG
includes Modulation and Coding Scheme (MCS) information necessary to demodulate and decode the data field sub-
sequently transmitted.

[0133] The training fields and the signal field for legacy STAs are first transmitted and the fields for VHT STAs are
then transmitted. The fields for VHT STAs may include a VHT-STF, a VHT-LTF1, VHT-SIG, VHT-LTFs for channel
estimation with individual STAs, and extension VHT-LTFs. After the training fields and the signal field for VHT STAs are
transmitted, a data field is transmitted.

[0134] In the example of FIG. 17, the training fields and the signal field for legacy STAs are subjected to only CSD
(cyclic shift delay) without precoding so that they can be recognized by the legacy STAs and then transmitted omni-
directionally. The CSD may be performed before or after Inverse Discrete Fourier Transform (IDFT) in a signal trans-
mission process in order to prevent unwanted beam-forming from being generated. The CSD may be performed every
transmitter chain or every spatial stream and may be applied as part of a spatial mapper. Next, the training fields, the
signalfield, and the datafield for VHT STAs may be subjected to CSD, precoding, and beam-forming and then transmitted.
[0135] FIGS. 18 and 19 are block diagrams showing another example of the VHT-mixed PLCP frame format proposed
by the present invention.

[0136] The VHT-mixed PLCP frame of FIGS. 18 and 19 have the same field and transmission sequence as the PLCP
frame of FIG. 8. However, the VHT-mixed PLCP frame of FIG. 18 differs from the VHT-mixed PLCP frame of FIG. 8 in
that fields up to VHTSIG-A are omni-directionally and fields starting from VHTSIG-B are subjected to SDMA precoding
and transmitted. The VHT-mixed PLCP frame of FIG. 19 differs from the VHT-mixed PLCP frame of FIG. 18 in that fields
from a VHT-STF to VHTSIG-A are precoded and transmitted.

[0137] FIG. 20 is a block diagram showing yet another example of the VHT-mixed PLCP frame format proposed by
the present invention.

[0138] Referring to FIG. 20, training fields and a signal field for legacy STAs and a signal field VHT-SIG for VHT STAs
are transmitted omni-directionally. Next, a field VHT-STF to a datafield are subjected to SDMA precoding and transmitted.
Here, the VHT-SIG field includes control information for demodulating and decoding data received by reception STAs.
[0139] FIG. 21 is a block diagram showing an example of a VHT-mixed-GF PLCP frame format proposed by the
present invention.

[0140] The VHT-mixed-GF PLCP format of FIG. 21 is effective in the case of a WLAN system composed of only IEEE
802.11n HT STAs and VHT STAs or in case where Non-HT STAs need not to be taken into consideration. In the VHT-
mixed-GF PLCP frame, an L-STF, an L-LTF, and an L-SIG are not transmitted because Non-HT STAs need not to be
taken into consideration. However, an HT-GF-STF, an HT-LTF1, and an HT-SIG are first transmitted so that HT STAs
can recognize the PLCP frame. Next, a VHTSIG and VHT-LTFs for VHT STAs and a data field are transmitted.

[0141] In the VHT-mixed-GF PLCP frame of FIG. 21, the VHT-LTFs and the data field are transmitted immediately
after the HT-SIG and the VHT-SIG without a VHT-STF because all fields are precoded and a precoded value is applied
to all the fields.

[0142] FIG. 22 is a block diagram showing another example of a VHT-mixed-GF PLCP frame format proposed by the
present invention.

[0143] Unlike in the example of FIG. 21, fields up to a VHT-SIG are transmitted omni-directionally so that all HT STAs
and VHT STAs within a BSS can receive an HT-SIG and the VHT-SIG. Fields subsequent to the VHT-SIG are precoded
and transmitted. That is, a VHT-STF is first transmitted, and VHT-LTFs and a data frame are then transmitted.

[0144] FIG. 23 is a block diagram showing yet another example of a VHT-mixed-GF PLCP frame format proposed by
the present invention.

[0145] In the VHT-mixed-GF PLCP frame of FIG. 23, an HT-GF-STF, an HT-LTF1, an HT-SIG, and VHTSIG-A are
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transmitted omni-directionally, and all subsequent fields are precoded and sequentially transmitted in order of a VHT-
STF, a VHT-LTF1, VHTSIG-B, VHT-LTFs, and a data field. Here, the VHTSIG-A may not be additionally transmitted,
and parameters for data demodulation and decoding may be transmitted in the VHTSIG-B. In this case, information of
a subfield transmitted in the HT-SIG may be reused. A reception STA can demodulate and decode the data field on the
basis of the information of the VHTSIG-B. Further, some of the fields of the PLCP frame format of FIG. 23 may be omitted
as needed, and FIGS. 24 and 25 show an

example thereof.

[0146] FIGS. 24 and 25 show formats in each of which the VHT-STF or the VHT-LTF1 is omitted in the example of
FIG. 23 and show examples of the VHT-mixed-GF PLCP frame format which may be modified according to the imple-
mentation of an STA.

[0147] FIG. 26 shows an example of a VHT-Mixed-PLCP frame format and the transmission of the VHT-Mixed-PLCP
frame according to an embodiment of the present invention.

[0148] The VHT-Mixed-PLCP frame 2610 includes TFs (training fields) and SIGs (recognizable by legacy STAs) for
the legacy STAs, TFs and SIGs for VHT STAs, and a data field. As an example of the TFs and the SIGs for legacy STAs,
the VHT-Mixed-PLCP frame 2610 of FIG. 26 includes an L-STF (Non-HT short Training Field) 2612, an L-LTF (Non-HT
Long Training Field) 2614, an L-SIG (Non-HT SIGNAL Field) 2616, and an HT-SIG (HT SIGNAL field) 2618.

[0149] The L-STF 2612 is used for frame timing acquisition and AGC (automatic gain control) convergence. The L-
LTF 2614 is used for channel estimation for demodulating the L-SIG 2616 and data. The L-SIG 2616 includes information
for demodulating and decoding subsequent data. The HT-SIG 2618 is a SIG field for an HT STA and may be included
in the L-SIG 2616 and transmitted. The L-STF 2612, the L-LTF 2614, and the L-SIG 2616 are transmitted anterior to
other fields so that legacy STAs can recognize them and can know that a channel is being used.

[0150] The VHT-Mixed-PLCP frame 2610 according to the embodiment of the present invention includes a VHT-STF
2622 for VHT STAs, a VHT-LTF1 2624, two VHT-SIGs (i.e., VHTSIG-A 2630 and VHTSIG-B 2640), and VHT-LTFs
2650-1, ..., 2650-L. The VHTSIG-A 2630 includes common information about fields subsequently transmitted and the
PLCP frame. The VHTSIG-B 2640 may include information individualized every target STA to which data will be trans-
mitted.

[0151] Ina method of transmitting frames according to an embodiment of the present invention, the VHT-Mixed-PLCP
frame 2610 is first transmitted, and N number of GF-PLCP frames 2690-1 to 2690-N are then transmitted. The VHT-
Mixed-PLCP frame 2610 includes transmission time information about the VHT-Mixed-PLCP frame 2610 and N number
of the VHT GF-PLCP frames 2690-1 to 2690-N. Legacy STAs and VHT STAs which are not transmission target STAs
can know that a channel is being used through the VHT-Mixed-PLCP frame 2610 and sets an NAV and defers channel
access during the time for which the channel is used on the basis of the transmission time information included in the
VHT-Mixed-PLCP frame 2610. To this end, fields before the VHTSIG-A 2630 in the VHT-Mixed-PLCP frame 2610 are
transmitted without SDMA precoding so that they can be recognized by all STAs including legacy STAs, and only fields
subsequent to the VHTSIG-A 2630 are subjected to SDMA precoding and transmitted.

[0152] Legacy STAs and VHT STAs which are not transmission target STAs may not recognize N number of the GF-
PLCP frames 2690-1 to 2690-N transmitted after the VHT-Mixed-PLCP frame 2610, but may set an NAV and defer
channel access during the time for which all the VHT-Mixed-PLCP frame 2610 and N number of the GF-PLCP frames
2690-1 to 2690-N are transmitted on the basis of the transmission duration information included in the VHT-Mixed-PLCP
frame 2610. Accordingly, malfunction can be prevented.

[0153] FIG. 27 is a block diagram showing a VHT-GF-PLCP frame format according to an embodiment of the present
invention.

[0154] The VHT-GF-PLCP frame 2700 includes a VHT-GF-STF 2710, a VHT-LTF1 2720, two VHT-SIG fields (i.e.,
VHTSIG-A2730and VHTSIG-B 2740), N number of VHT-LTFs 2750-1, ..., 2750-N, and a data field DATA. In the example
of FIG. 27, the VHTSIG-A 2730 and the VHTSIG-B 2740 are consecutively transmitted, butonly illustrative. The VHTSIG-
B 2740 may be transmitted immediately after the VHTSIG-A 2730 or may be transmitted after the VHTSIG-A 2730. In
the VHT-GF-PLCP frame 2700 according to the present invention, the VHT-GF-STF 2710, the VHT-LTF1 2720, and
the VHTSIG-A 2730 are transmitted omni-directionally so that all VHT STAs can listen to them. The VHTSIG-B 2740
and data subsequently transmitted can be subjected to SDMA precoding and beam-forming and then transmitted. The
VHTSIG-A 2730 includes common information about subsequent SDMA transmission. For example, the VHTSIG-A
2730 may include common information about SDMA transmission duration so that third STAs (i.e., not transmission
target STAs) may set an NAV during the SDMA transmission duration. The VHTSIG-B 2740 has a parameter value set
therein or includes the parameter value which is used for SDMA transmission to each transmission target STA. For
example, an MCS index, a channel bandwidth, the number of spatial streams, and so on may be set and included in the
VHTSIG-B 2740 on an STA basis and then transmitted.

[0155] The VHTSIG-B 2740 and the data subsequently transmitted are subjected to SDMA precoding and beam-
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forming and then transmitted. Accordingly, a third STA (i.e., not a transmission target STA) does notreceive the VHTSIG-
B 2740 field and the data subsequently transmitted, but can recognize a corresponding preamble by receiving the fields
up to the VHTSIG1 2730.

[0156] In Single User (SU)-MIMO, a GF-PLCP frame may use one VHTSIG. This is because since SDMA transmission
is not performed in the SU-MIMO, problems, such as collision and interference between PLCP frames heading for
different STAs, are not generated. In order to identify GF-PLCP frames in the SU-MIMO and the MU-MIMO, a type
subfield indicative of a transmission type may be included in the VHTSIG-A 2730 and the VHTSIG-B 2740. In case
where a configuration value of the type subfield indicates transmission using the SU-MIMO method, only one VHTSIG
field is used. In case where a configuration value of the type subfield indicates transmission using the MU-MIMO method,
two VHTSIGs (i.e., VHTSIG1 and VHTSIG2) are used. As described above, the VHTSIG1 of the two VHTSIGs is used
to detect and recognize the preamble of a PLCP frame which is omni-directionally transmitted and being transmitted by
STAs within a BSS. Further, the VHTSIG2 of the two VHTSIGs has information about MCS index values for spatial
streams heading for respective transmission target STAs, a channel bandwidth, the number of spatial streams, etc.
[0157] FIG. 28 shows an example of a PLCP frame format according to an embodiment of the present invention.
[0158] The PLCP frame of FIG. 28 has a VHT-mixed frame format and includes fields L-STF, L-LTF, L-SIG, and HT-
SIG for legacy STAs. The fields L-STF, L-LTF, L-SIG, and HT-SIG have the same function as described above.
[0159] FIG. 28 shows the example in which an AP transmits 5 spatial streams to two STAs STA1 and STA2 using the
MU-MIMO method, the first STA STA1 receives 3 spatial streams, and the second STA STA2 receives 2 spatial streams.
Here, the number of STAs (i.e., targets of MU-MIMO transmission) and the number of spatial streams transmitted to the
STAs are only illustrative, and the present invention is not limited thereto.

[0160] The PLCP frame of FIG. 28 includes a plurality of VHTSIG fields (e.g., VHTSIG1 and VHTSIG2), each including
control information about an STA (i.e., a target of MU-MIMO transmission). That is, the number of VHTSIG fields can
be equal to or greater than the number of STAs (i.e., targets of MU-MIMO transmission).

[0161] Inthe example of FIG. 28, the field VHTSIG1 includes control information about the STA1 (i.e., a target of MU-
MIMO transmission), and the field VHTSIG2 includes control information about the STA2 (i.e., a target of MU-MIMO
transmission).

[0162] The VHTSIG field allocated to each STA may consist of several VHTSIG fields, such as VHTSIG1 to the
VHTSIGN. For example, the HT-SIG field of the IEEE802.11n standards may include two HT-SIGs, which are transmitted
in two OFDM symbols. The number of OFDM symbols of the VHTSIG field to be transmitted can be represented by the
number of STAs spatially multiplexed using MU-MIMO and a function of the number of spatially multiplexed streams.
[0163] In the example of FIG. 28, the two VHTSIG fields are illustrated, but duration in which the VHTSIG fields are
transmitted is increased with an increase in the number of STAs (i.e., targets of MU-MIMO transmission). If an AP
transmitting eight streams is operated together with eight 1 Rx-STAs through MU-MIMO, eight VHTSIG fields (i.e.,
VHTSIG1 to VHTSIG8) have to consecutively transmitted.

[0164] In this case, layer index indication, informing which stream will be received by an STA (i.e., a target of MU-
MIMO transmission), is required. To this end, the VHTSIG field may include an indication bit, indicating control information
for a specific one of STAs (i.e., a plurality of targets of MU-MIMO transmission).

[0165] An LTF is subjected to code multiplexing and transmitted through a plurality of spatial streams at the same
time. The number of LTFs transmitted may be changed in order to provide LTF orthogonality and thus represented by
LTFx in the example of FIG. 28.

[0166] A method of adding a unique identification signal for control information about each of the STAs to the VHTSIG
field or a method of performing bit pattern masking (i.e., exclusive OR to parity bits) on an identification value, identifying
an STA, for the CRC parity bit of the VHTSIG field may be used as a method of indicating where control information for
each of STAs (i.e., a plurality of targets of MU-MIMO transmission) is contained in which VHTSIG field may include. In
this case, the identification value or signal may be an MAC address or an association ID of a target STA.

[0167] A cyclic shift used up to the VHTSIG field can differ from cyclic shifts subsequently used. Fields transmitted
after the VHTSIG field can be subjected to precoding and beam-forming and then transmitted.

[0168] FIG. 29 shows another example of the PLCP frame format according to an embodiment of the present invention.
The PLCP frame format of FIG. 29 has a VHT GF PLCP format and it is basically the same as that of FIG. 28. However,
since legacy STAs need not to be taken into consideration, fields (e.g., L-STF, L-LTF, L-SIG, and HT-SIG) for the legacy
STAs may be omitted, and all fields may be subjected to beamforming and transmitted.

[0169] FIGS. 30 and 31 show yet another example of the PLCP frame format according to an embodiment of the
present invention.

[0170] FIG. 30 shows a VHT-mixed PLCP frame format, and FIG. 31 shows a VHT GF PLCP frame format.

[0171] In the PLCP frame of FIG. 30, fields (i.e., L-STF, L-LTF, L-SIG, and HT-SIG) for legacy STAs are transmitted
omni-directionally. Next, subsequent fields starting from VHTSIG fields, each including control information about the
STA, can be subjected to beam-forming every STA and then transmitted. Accordingly, in the VHT-mixed PLCP frame
format of FIG. 30, the VHTSIG fields are transmitted after fields VHT-STF in each of which an AGC gain has been taken
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into consideration are transmitted. That is, the field HT-SIG and the fields VHTSIG are not consecutively transmitted.
[0172] In case where the VHTSIG fields of FIGS. 28 and 29 support MU-MIMO unlike an overlapped format, the
transmission duration of the VHTSIG field is not changed according to the number of STAs. Further, if an AP properly
performs beam-forming (e.g., using a block diagonalization scheme) for each STA (i.e., a target of MU-MIMO transmis-
sion), the corresponding STA does not interfere with other STAs because it can recognize only its own stream irrespective
of a total number of streams. Accordingly, each STA does not know that it is operated according to the MU-MIMO method
and considers that it is operated according to the SU-MIMO method using a small number of spatial streams.

[0173] FIGS. 30 and 31 show the examples in which an AP pairs two STAs (i.e., STA1 and STA2) for MU-MIMO. The
STA1 receives 3 streams and receives 4 VHT-LTFs for channel measurement. The STA2 receives 2 streams and
receives 2 VHT-LTFs for channel measurement.

[0174] In this case, an LTF mapping matrix P can be represented by Equations 4 to 6.

[0175] Equation 4 shows an example of the LTF mapping matrix which may be used when 2 LTFs are measured,
Equation 5 shows an example of the LTF mapping matrix which may be used when 3 LTFs are measured, and Equation
6 shows an example of the LTF mapping matrix which may be used when 4 LTFs are measured.

[Math.4]
1 -1
F=
1 1
[Math.5]
1 -1 1 1
F=1 1 -1 1
11 1 -1
[Math.6]
1 -1 1 1
1 1 -1 1
F=
11 1 -1
-1 1 1 1

[0176] FIG. 31 shows an example of a VHT GF PLCP frame format. In this frame format, fields for legacy STAs which
are non-overlapped parts are omitted in the example of FIG. 30. Further, since all fields are subjected to precoding and
beam-forming and then transmitted, the transmission of VHT STF fields for controlling an ACG gain may be omitted.
[0177] Inthe examplesof FIGS. 30 and 31, ifan AP can transmit 5 or more streams, beams for STAs can be transmitted
without interference with each other. However, if a total number of RXs of STAs (i.e., targets of MU-MIMO transmission)
is greater than the number of streams that can be received, performance loss can be generated because the beams
are not properly formed. For example, it is assumed that when an AP transmits 4 streams, an STA1 has 3 Rx antennas
and an STA2 has 2 Rx antennas. Assuming that the AP forms a beam in order to transmit 2 streams to each STA, the
STA1 experiences such performance loss.

[0178] Here, the performance loss can be caused by various factors. When interference zero forcing beam-forming
used by the AP is performed, a transmission signal will not be transmitted to each STA without interference because of
the limit of finite word length precision and channel coefficient estimation error. Here, the finite word length precision
problem refers to a problem occurring because of information lost when signal information is quantized into digital data
in a current wireless modem. Further, in a state in which spatial interference leakage exists, channel estimation can be
erroneously performed by LTFs for different STAs composed of the same sequence. Accordingly, performance loss can
be generated because data demodulation is not normally performed.

[0179] Meanwhile, if LTF indications for the streams of different STAs are included in its own VHTSIG field although
interference is introduced from the different STAs (or if indication for its own LTF is included in the VHTSIG field),
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interference can be cancelled using a proper receiver (e.g., an MMSE receiver). As described above, there is proposed
a method of including LTF indications for different STAs except its own STA in the VHTSIG field.

[0180] Further, in order to improve the performance of channel estimation in a state in which interference occurs
between different STAs because of signals for the different STAs, there is proposed a method of transmitting different
sequences to an LTF and other signals (e.g., STF and VHTSIG) through STA-specific scrambling.

[0181] As a detailed embodiment, a scrambling code can be generated using the association ID of an STA. In this
case, STA-specific scrambling needs not to be necessarily different every STA, and the STAs have only to have different
identification classifications for scrambling signals which have been paired through the MU-MIMO method and spatially
multiplexed at the same time.

[0182] This method can be applied to all schemes constructed by overlapping. Accordingly, if the overlapping scheme
is included in all PLCP frame formats subsequently proposed, a pertinent indication can be included in a VHTSIG field,
as needed, without special mention, and a combination of fields LTF, STF, and SIG may be scrambled.

[0183] The overlapping scheme is advantageous in that it can maintain proper overhead because the symbol duration
of the field VHTSIG does not vary according to the number of STAs. A non-overlapping scheme is advantageous in that
it can detect necessary spatial streams using all VHT-LTFs which are transmitted on the assumption that STAs paired
for MU-MIMO can know their streams allocated thereto. Accordingly, there is proposed a PLCP frame format in which
VHTSIGs are transmitted using the overlapping scheme and VHT-LTFs are transmitted using the non-overlapping
scheme by making the best use of the advantages.

[0184] FIGS. 32 to 35 show examples of a PLCP frame format in which VHTSIGs are transmitted using the overlapping
scheme and VHT-LTFs are transmitted using the non-overlapping scheme. FIGS. 32 and 33 illustrate cases in which
when a beamforming matrix multiplied to the VHTSIG differs from a beamformaing matrix multiplied to the VHT-LFT, a
VHT-STF for controlling an AGC gain is required before the VHT-LTFs. FIGS. 34 and 35 show cases in which the
VHTSIGs and the VHT-LTFs are subjected to beam-forming using the same beam-forming matrix and transmitted and
in which VHT-STFs are not required before the VHT-LTFs are transmitted. FIGS. 32 and 34 show examples of a VHT-
mixed PLCP frame format, and FIGS. 33 and 35 show examples of a VHT GF PLCP frame format.

[0185] In the examples of FIGS. 32 to 35, it is assumed that one RX antenna is turned on before a reception STA
detects the VHTSIG field. The reception STA can know information about its own stream and about a total number of
streams by measuring the VHTSIG field using the VHT-LTF and reading the VHTSIG field. Meanwhile, since one antenna
is assumed before the VHTSIG field is read, a diversity gain which can be obtained with an increase of the number of
RXs may not be used.

[0186] FIGS. 36 and 37 show PLCP frame formats into which a common VHTSIG field has been introduced.

[0187] FIG. 36 shows an example of a VHT-mixed PLCP frame format, and FIG. 37 shows an example of a VHT GF
PLCP frame format.

[0188] The PCLP frame of FIGS. 36 and 37 includes a VHTSIGc field including common control information. The
VHTSIGc field is a common VHTSIG field, and it includes common control information about STA1 and STA2. The
VHTSIGc field is transmitted onmi-direationally so that all STAs can acquire information about the VHTSIGc field. The
VHTSIGc field includes information that all STAs is in common informed, such as information about streams allocated
to each STA and a total number of streams, and the information is transmitted to each STA through the VHTSIGc. The
fields VHTSIGc and VHT-LTFs are transmitted using the non-overlapping scheme. Next, fields VHTSIG1 and VHTSIG2,
each including individualized control information about each STA, are transmitted using the overlapping scheme.
[0189] In the above several embodiments, when fields are configured using the overlapping scheme and transmitted
to STAs at the same time, a beam must be well formed in the direction of each STA for the purpose of a normal operation
and recognized as SU-MIMO from a viewpoint of the STA. In other words, since LTFs in other STAs do not function as
interference, the corresponding STA does not need to take whether other STAs exist into consideration.

[0190] However, if interference with other STAs is generated for some reasons, it may not be easy to distinguish its
own field allocated thereto from fields allocated to other STAs. For example, in the case of the PLCP frame formats of
FIGS. 32 to 35, three VHT-LTFs are overlapped with the VHT-LTFs by a P matrix and transmitted to the STA1, and two
VHT-LTFs are overlapped with the VHT-LTFs by a p matrix and transmitted to the STA2. In this case, in an 802.11n
system supporting only SU-MIMO, an LTF OFDM symbol is given a fixed pattern consisting of {-1, 1}. Accordingly, the
VHT-LTF of the STA1 and the VHT-LTF of the STA2 have OFDM symbols of the same pattern. If an ideal beam is
formed, three VHT-LTFs have to be recognized in the STA1 and two VHT-LTFs have to be recognized in the STA2.
However, the VHT-LTFs of the STA2 can be detected in the STA1, for some reasons. For example, all the five VHT-
LTFs can be recognized in the STA1. In such a case, from a viewpoint of the STA1, there is no method of sorting out
VHT-LTFs received through interference if a special indication method is not supported. In order to solve the problem,
there is proposed a method of an STA to distinguish its own VHT-LTFs from other VHT-LTFs.

[0191] In accordance with an embodiment of the present invention, a scrambling code can be applied to fields, such
as LTFs and VHTSIG transmitted to STAs in order to support MU-MIMO. In this case, sequences used in the STAs can
be orthogonal to each other, or they should have at least good correlation characteristic. Further, an STA can distinguish
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its own LTFs or VHTSIG from LTFs or VHTSIGs for other STAs although it receives the LTFs or VHTSIGs for other
STAs serving as interference. Accordingly, there is an interference suppression effect. When the scrambling sequence
is initialized, an ID (e.g. an Association ID (AID)) which can be replaced with an STA ID or an STA ID, STA temporary
numbering or the like can be used. In case where a method using the STA temporary numbering is used, STAs can be
numbered, and scrambling sequences can be initialized using the numbered values and then applied to overlapping fields.
[0192] FIG. 38 is a block diagram showing another example of a radio apparatus in which an embodiment of the
present invention is implemented. The radio apparatus 3800 can be an AP or a non-AP station.

[0193] The radio apparatus 3800 includes a processor 3810, memory 3820, and a transceiver 3830. The transceiver
3830transmits and receives aradio signal and has the physical layer of IEEE 802.11 implemented therein. The transceiver
3830 supports MIMO transmission through multiple antennas. The processor 3810 is coupled to the transceiver 3830
and configured to implement the MAC layer and the physical layer of IEEE 802.11. When the processor 3810 processes
the operation of a transmission station from among the above methods, the radio apparatus 3800 becomes the trans-
mission station. When the processor 3810 processes the operation of a reception station from among the above methods,
the radio apparatus 3800 becomes the reception station.

[0194] In the PLCP sublayer of a transmission station implemented in the processor 3810, a PLCP preamble is added
to a PSDU, transmitted by the MAC layer, on the basis of the above-described PLCP frame format and then transmitted
to the processor 3810 or a PMD sublayer implemented in the transceiver 3830. In the PMD sublayer, the PLCP frame
is transmitted through the transceiver 3830 on the basis of a transmission method for each field of the above-described
PLCP frame format using a multi-antenna system. In the PLCP sublayer of a reception station implemented in the
processor 3810 of the reception station, the PLCP preamble is removed on the basis of the above-described PLCP
frame format, and the PSDU is transmitted to the MAC layer implemented in the processor 3810 of the reception station.
[0195] The processor 3810 or the transceiver 3830 or both can include an Application-Specific Integrated Circuit
(ASIC), other chipset, a logic circuit, and/or adata processor. The memory 3820 can include Read-Only Memory (ROM),
Random Access Memory (RAM), flash memory, a memory card, a storage medium and/or other

storage device. When the above embodiments are implemented in software, the above schemes can be implemented
using a module (or process or function) for performing the above functions. The module can be stored in the memory
3820 and executed by the processor 3810. The memory 3820 can be placed inside or outside the processor 3810 and
coupled to the processor 3810 using a variety of well-known means.

[0196] Whiletheinvention hasbeen described in connection withwhatis presently considered to be practicalexemplary
embodiments, it is to be understood that the invention is not limited to the disclosed embodiments, but, on the contrary,
is intended to covervarious modifications and equivalent arrangements included within the scope of the appended claims.

Claims

1. A method of transmitting control information to a plurality of stations (STA1-STA5) in a Very High Throughput, VHT,
IEEE 802.11 Wireless Local Area Network, WLAN, system, the method comprising:

generating, by an access point, a first control sequence including a first VHT control signal (330, 440, 1050,
2630, 2730) to be transmitted omni-directionally without spatial division multiple access, SDMA, precoding and
containing common information about multi-user multiple input multiple output, MU-MIMO, transmission of fields
to be subsequently transmitted;

generating, by the access point, a second control sequence including a second VHT control signal (340, 470,
1060, 2640, 2740) to be transmitted directionally with SDMA precoding and containing station-specific informa-
tion for allowing each of the plurality of stations (STA1-STAS5) to decode its data (360, 480); and

transmitting (8710, S720), by the access point to the plurality of stations (STA1-STA5), a frame (300, 2610,
2700) including the first control sequence, the second control sequence, and the data (360, 480) to which SDMA
precoding is applied.

2. An access point (3800) for transmitting control information to a plurality of stations (STA1-STA5) in a Very High
Throughput, VHT, IEEE 802.11 Wireless Local Area Network, WLAN, system, the access point comprising:

a processor (3810) configured to:
generate a first control sequence including a first VHT control signal (330, 440, 1050, 2630, 2730) to be
transmitted omni-directionally without spatial division multiple access, SDMA, precoding and containing

common information about multi-user multiple input multiple output, MU-MIMO, transmission of fields to be
subsequently transmitted; and
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generate a second control sequence including a second VHT control signal (340, 470, 1060, 2640, 2740)
to be transmitted directionally with SDMA precoding and containing station-specific information for allowing
each of the plurality of stations (STA1-STA5) to decode its data (360, 480); and

a transceiver (3830) configured to transmit to the plurality of stations (STA1-STA5), a frame (300, 2610,
2700) including the first control sequence, the second control sequence, and the data (360, 480) to which
SDMA precoding is applied.

Patentanspriiche

1. Verfahren zum Ubertragen von Steuerdaten an eine Vielzahl von Stationen (STA1-STA5) in einem Very High Th-
roughput, VHT, IEEE 802.11 Wireless Local Area Netzwerk-, WLAN-, System, wobei das Verfahren umfasst:

Erzeugen, durch einen Zugangspunkt, einer ersten Steuersequenz, die ein erstes VHT-Steuersignal (330, 440,
1050, 2630, 2730) umfasst, das omnidirektional ohne Spatial Division Multiple Access-, SDMA-, Vorkodierung
zu Ubertragen ist und gemeinsame Daten (iber Multi-User Multiple Input Multiple Output-, MU-MIMO-, Ubertra-
gung von Feldern enthalt, die nachfolgend zu Ubertragen sind;

Erzeugen, durch den Zugangspunkt, einer zweiten Steuersequenz, die ein zweites VHT-Steuersignal (340,
470, 1060, 2640, 2740) umfasst, das direktional mit SDMA-Vorkodierung zu tUbertragen ist und stationsspezi-
fische Daten enthalt, um jeder der Vielzahl von Stationen (STA1-STAb5) zu erlauben, ihre Daten (360, 480) zu
dekodieren; und

Ubertragen (S710, S720), durch den Zugangspunkt an die Vielzahl von Stationen (STA1-STAS5), eines Rahmens
(300, 2610, 2700), der die erste Steuersequenz, die zweite Steuersequenz und die Daten (360, 480), auf welche
SDMA-Vorkodierung angewandt wird, enthalt.

2. Zugangspunkt (3800) zum Ubertragen von Steuerdaten an eine Vielzahl von Stationen (STA1-STAS5) in einem Very
High Throughput, VHT, IEEE 802.11 Wireless Local Area Netzwerk-, WLAN-, System, wobei der Zugangspunkt
umfasst:

einen Prozessor (3810), der dazu eingerichtet ist, um:

eine erste Steuersequenz zu erzeugen, die ein erstes VHT-Steuersignal (330, 440, 1050, 2630, 2730)
umfasst, das omnidirektional ochne Spatial Division Multiple Access-, SDMA-, Vorkodierung zu tbertragen
ist und gemeinsame Daten tiber Multi-User Multiple Input Multiple Output-, MU-MIMO-, Ubertragung von
Feldern enthalt, die nachfolgend zu Ulbertragen sind; und

eine zweite Steuersequenz zu erzeugen, die ein zweites VHT-Steuersignal (340, 470, 1060, 2640, 2740)
umfasst, das direktional mit SDMA-Vorkodierung zu Ubertragen ist und stationsspezifische Daten enthalt,
um jeder der Vielzahl von Stationen (STA1-STA5) zu erlauben, ihre Daten (360, 480) zu dekodieren; und
einen Transceiver (3830), der dazu eingerichtet ist, an die Vielzahl von Stationen (STA1-STA5) einen
Rahmen zu tbertragen (300, 2610, 2700), der die erste Steuersequenz, die zweite Steuersequenz und die
Daten (360, 480), auf welche SDMA-Vorkodierung angewandt wird, enthalt.

Revendications

1. Procédé de transmission d’informations de commande a une pluralité de stations (STA1-STA5) dans un systéme
deréseau local sansfil, WLAN, IEEE 802.11 de trés haut débit, VHT, le procédé comprenant les étapes consistant a :

50

55

générer, par un point d’acceés, une premiére séquence de commande comprenant un premier signal de com-
mande VHT (330, 440, 1050, 2630, 2730) a transmettre de maniére omnidirectionnelle sans pré-codage d’acces
multiple par répartition spatiale, SDMA, et contenant des informations communes concernant une transmission
a entrées multiples sorties multiples multi-utilisateurs, MU-MIMO des champs a transmettre ultérieurement ;
générer, parle pointd’acces, une seconde séquence de commande comprenant un second signalde commande
VHT (330, 470, 1060, 2640, 2740) a transmettre de maniére directionnelle avec un pré-codage SDMA et
contenant des informations spécifiques a la station pour permettre a chacune de la pluralité de stations (STA1-
STADS) de décoder ses données (360, 480) ; et

transmettre (S710, $720), par le point d’acces a la pluralité de stations (STA1-STADS), une trame (300, 2610,
2700) comprenant la premiére séquence de commande, la seconde séquence de commande, et les données
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(360, 480) auxquelles le pré-codage SDMA s’applique.

2. Point d’accés (3800) permettant de transmettre des informations de commande a une pluralité de stations (STA1-
STAS5) dans un systéme de réseau local sans fil, WLAN, IEEE 802.11 de trés haut débit, VHT, le point d’accés
comprenant :

un processeur (3810) configuré pour :

générer une premiére séquence de commande comprenant un premier signal de commande VHT (330,
440, 1050, 2630, 2730) a transmettre de maniére omnidirectionnelle sans pré-codage d’acces multiple par
répartition spatiale, SDMA, et contenant des informations communes concernantune transmission a entrées
multiples sorties multiples multi-utilisateurs, MU-MIMO des champs a transmettre ultérieurement ; et
générer une seconde séquence de commande comprenant un second signal de commande VHT (330,
470, 1060, 2640, 2740) a transmettre de maniére directionnelle avec un pré-codage SDMA et contenant
des informations spécifiques a la station pour permettre a chacune de la pluralité de stations (STA1-STA5)
de décoder ses données (360, 480) ; et

un émetteur-récepteur (3830) configuré pour transmettre a la pluralité de stations (STA1-STA5), une trame
(300, 2610, 2700) comprenant la premiére séquence de commande, la seconde séquence de commande,
et les données (360, 480) auxquelles le pré-codage SDMA s’applique.
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[Fig. 6]
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[Fig. 36]
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[Fig. 37]
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[Fig. 38]
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