wo 2010/016729 A2 [ 0K 0 RO KOO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

oo o
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization /g5 I MIEVAN A1 0000100 OO0 O 0
International Bureau S,/ )
3 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
11 February 2010 (11.02.2010) PCT WO 2010/016729 A2
(51) International Patent Classification: plex, 533, Hogye 1-dong, Dongan-gu, Anyang-si,
HO4B 7/04 (2006.01) HO4L 27/26 (2006.01) Gyeonggi-do 431-749 (KR). HAN, Seung Hee [KR/KR];
LG R&D 1 533, H 1- D -
(21) International Application Number: Agyan(:-si g}olenéige;’_ do 451_72g9y(eKR)dong, ongan-gu,
PCT/KR2009/004383 > ’
. - ) (74) Agent: YANG, Moon Ock; S&IP Patent & Law Firm,
(22) International Filing Date: 10F, Songam Bldg. #642-10, Yeoksam-dong, Gangnam-
5 August 2009 (05.08.2009) qu, Seoul 135-080 (KR).
(25) Filing Language: English (81) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
L. AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(30) Priority Data: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
61/086,456 5 August 2008 (05.08.2008) UsS DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
10-2009-0006826 29 January 2009 (29.01.2009) KR HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP.
(71) Applicant (for all designated States except US): LG KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ELECTRONICS INC. [KR/KR]; 20, Yeouido-dong, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
Yeongdeungpo-gu, Seoul 150-721 (KR). NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, S@G, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
(72) Inventors; and TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(75) Inventors/Applicants (for US only): LEE, Moon Il [KR/

KR]; LG R&D Complex, 533, Hogye 1-dong, Dongan-
gu, Anyang-si, Gyeonggi-do 431-749 (KR). KIM, So
Yeon [KR/KR]; LG R&D Complex, 533, Hogye 1-dong,
Dongan-gu, Anyang-si, Gyeonggi-do 431-749 (KR).
CHUNG, Jae Hoon [KR/KR]; LG R&D Complex, 533,
Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do
431-749 (KR). KO, Hyun Soo [KR/KR]; LG R&D Com-

84)

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

[Continued on next page]

(54) Title: METHOD AND APPARATUS FOR TRANSMITTING SIGNAL IN WIRELESS COMMUNICATION SYSTEM

(57) Abstract: A method and an apparatus
for transmitting data in a wireless commu-
nication system are provided. The method
includes receiving cyclic shitt information
indicating a first cyclic shift value, obtain-
ing a second cyclic shift value from the first
cyclic shift value, transmitting a first signal
based on the first cyclic shift value through
a first antenna, and transmitting a second
signal based on the second cyclic shift val-
ue through a second antenna, wherein the
first signal and the second signal are trans-
mitted on the same radio resource.

—-S120

[Fig. 17]
BS UE
51 ~S110
Obtain CS2
from CS1
Signal <130




WO 2010/016729 A2 I 0000 )00 0 T AU A

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, Published:

ML, MR, NE, SN, TD, TG). —  without international search report and to be republished

upon receipt of that report (Rule 48.2(g))



WO 2010/016729 PCT/KR2009/004383

Description
METHOD AND APPARATUS FOR TRANSMITTING SIGNAL IN

WIRELESS COMMUNICATION SYSTEM
Technical Field

[1] The present invention relates to wireless communications, and more particularly, to a

method and an apparatus for transmitting a signal in a wireless communication system.

Background Art

[2] In next generation multimedia mobile communication systems, which have been
actively studied in recent years, there is a demand for a system capable of processing
and transmitting a variety of information (e.g., video and radio data) in addition to the
early-stage voice service. Wireless communication systems are designed for the
purpose of providing reliable communication to a plurality of users irrespective of
users' locations and mobility. However, a wireless channel has an abnormal charac-
teristic such as path loss, noise, fading due to multipath, an inter-symbol interference
(ISI), the Doppler effect due to mobility of a user equipment, etc. Therefore, various
techniques have been developed to overcome the abnormal characteristic of the
wireless channel and to increase reliability of wireless communication.

[3] Multiple input multiple output (MIMO) is a technique for supporting reliable high-
speed data services. The MIMO technique improves data transmission/reception ef-
ficiency by using multiple transmit (Tx) antennas and multiple receive (Rx) antennas.
Examples of the MIMO technique include spatial multiplexing, transmit diversity,
beamforming, etc. A MIMO channel matrix depending on the number of Rx antennas
and the number of Tx antennas can be decomposed into a plurality of independent
channels. Each independent channel is referred to as a layer or a stream. The number
of layers is referred to as a rank.

[4] In general, the wireless communication system is a multiple access system capable of
supporting communication with multiple users by sharing available system resources
(e.g., bandwidth, transmit power, etc.). Examples of the multiple access system include
a code division multiple access (CDMA) system, a frequency division multiple access
(FDMA) system, a time division multiple access (TDMA) system, an orthogonal
frequency division multiple access (OFDMA) system, a single carrier frequency
division multiple access (SC-FDMA) system, etc.

[5] While having almost the same complexity as OFDMA, SC-FDMA has a lower peak-
to-average power ratio (PAPR) due to a single carrier property. Since the low PAPR is
advantageous for a user equipment (UE) in terms of Tx power efficiency, the SC-

FDMA is adopted for uplink transmission in a 3rd generation partnership project
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[6]

[7]

[8]

[9]

[10]

(3GPP) long term evolution (LTE) as disclosed in section 5 of the 3GPP TS 36.211
V8.2.0 (2008-03) "Technical Specification Group Radio Access Network; Evolved
Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation
(Release 8)". The 3GPP standard defines only single-stream transmission using a

single Tx antenna in uplink.
Meanwhile, as a mobile communication system of a next generation (i.e., post-3rd

generation), an international mobile telecommunication-advanced (IMT-A) system is
standardized aiming at support of an Internet protocol (IP)-based seamless multimedia
service in an international telecommunication union (ITU) by providing a high-speed
data rate of 1 gigabits per second (Gbps) in downlink communication and 500
megabits per second (Mbps) in uplink communication. In the 3GPP, a 3GPP long term
evolution-advanced (LTE-A) system is considered as a candidate technique for the
IMT-A system. The LTE-A system is evolved to increase a completion level of the
LTE system, and is expected to maintain backward compatibility with the LTE system.
This is because the provisioning of compatibility between the LTE-A system and the
LTE system is advantageous in terms of user convenience, and is also advantageous
for a service provider since existing equipment can be reused.

The LTE-A system particularly requires improvement of a maximum uplink transfer
rate. However, single-antenna-based SC-FDMA has a difficulty in satisfying a
maximum transfer rate required by the IMT-advanced system. Therefore, a system in
which a MIMO system is combined with the conventional SC-FDMA is considered as
a system for improving a transfer rate.

Accordingly, there is a need for a method for effectively transmitting a signal in an

SC-FDMA-based multiple antenna system.
Disclosure of Invention

Technical Problem
The present invention provides a method and an apparatus for transmitting a signal in

a wireless communication system.

Technical Solution

In a aspect, a method for transmitting a signal in a wireless communication system,
carried in a user equipment (UE), is provided. The method includes receiving cyclic
shift information indicating a first cyclic shift value from a base stagion (BS),
obtaining a second cyclic shift value from the first cyclic shift value, transmitting a
first signal based on the first cyclic shift value through a first antenna to the BS, and
transmitting a second signal based on the second cyclic shift value through a second
antenna to the BS, wherein the first signal and the second signal are transmitted on the

same radio resource.
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Preferably, the radio resource comprises a single carrier-frequency division multiple
access (SC-FDMA) symbol and a subcarrier.

Preferably, the first signal is for first data, and the second signal is for second data.

Preferably, the first data and the second data are the same.

Preferably, the first signal is a first DMRS (demodulation reference signal), and the
second signal is a second DMRS.

The method may further include receiving radio resource information indicating the
radio resource from the BS, and comparing a size of the radio resource with a
threshold, wherein, if the size of the radio resource is less than or equal to the
threshold, a difference between the first cyclic shift value and the second cyclic shift
value is greater than a maximum delay spread, and if the size of the radio resource is
greater than the threshold, the difference between the first cyclic shift value and the
second cyclic shift value is less than the maximum delay spread.

Preferably, the radio resource information and the cyclic shift information are
received on a physical downlink control channel (PDCCH), and the first signal and the
second signal are transmitted on a physical uplink shared channel (PUSCH).

Preferably, the SC-FDMA symbol is divided into a plurality of windows in a time
domain, the first cyclic shift value and the second cyclic shift value belong to different
windows, and a window duration of each of the plurality of windows is determined in
accordance with a maximum delay spread.

Preferably, the SC-FDMA symbol is divided into a plurality of windows in a time
domain, and the first cyclic shift value and the second cyclic shift value belong to the
same window, and a window duration of each of the plurality of windows is de-
termined in accordance with a maximum delay spread.

Preferably, whether a difference between the first cyclic shift value and the second
cyclic shift value is greater than a maximum delay spread is determined in accordance
with a transmit antenna scheme.

In another aspect, an apparatus for wireless communication is provided. The
apparatus includes a radio frequency (RF) unit transmitting and/or receiving a radio
signal and a processor coupled with the RF unit and configured to receive cyclic shift
information indicating a first cyclic shift value, obtain a second cyclic shift value from
the first cyclic shift value, transmit a first signal based on the first cyclic shift value
through a first antenna, and transmit a second signal based on the second cyclic shift
value through a second antenna, wherein the first signal and the second signal are
transmitted on the same radio resource.

In still another aspect, a method for transmitting a signal in a wireless commu-
nication system using M antennas (M>2, where M is a natural number), carried in a

UE, is provided. The method includes receiving cyclic shift information indicating a
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first cyclic shift value, generating M cyclic shift values by obtaining M-1 cyclic shift
values from the first cyclic shift value, and transmitting each of a plurality of signals to
which each of the M cyclic shift values is applied through each of the M antennas,

wherein the plurality of signals are transmitted on the same SC-FDMA symbol.
Preferably, the SC-FDMA symbol is divided into a plurality of windows in a time

domain, the M cyclic shift values are divided into N groups (N<M, where N is a
natural number) without overlapping, and cyclic shift values belonging to different
groups among the N groups belong to different windows, and cyclic shift values
belonging to the same group among the N groups belong to the same window.

Preferably, a window duration of each of the plurality of windows is determined in
accordance with a maximum delay spread.

Preferably, the plurality of signals are for the same data.

Advantageous Effects
A method and an apparatus for transmitting a signal in a wireless communication

system are provided.

Brief Description of Drawings

FIG. 1 is a block diagram showing a wireless communication system.

FIG. 2 is a block diagram showing an apparatus for a wireless communication.

FIG. 3 is a block diagram showing a structure of a transmitter using one transmit
(Tx) antenna in a single carrier-frequency division multiple access (SC-FDMA )-based
system.

FIG. 4 is a block diagram showing an exemplary structure of a transmitter using a
plurality of Tx antennas in an SC-FDMA-based system.

FIG. 5 is a block diagram showing another exemplary structure of a transmitter using
a plurality of Tx antennas in an SC-FDMA-based system.

FIG. 6 is a block diagram showing another exemplary structure of a transmitter using
a plurality of Tx antennas in an SC-FDMA-based system.

FIG. 7 shows an example of cyclic delay diversity (CDD) in a time domain.

FIG. 8 shows an example of CDD in a frequency domain.

FIG. 9 shows an example of codebook-based precoding.

FIG. 10 shows a structure of a radio frame.

FIG. 11 shows an example of a resource grid for one uplink slot.

FIG. 12 shows an exemplary structure of an uplink subframe.

FIG. 13 shows an exemplary structure of a reference signal for a physical uplink
shared channel (PUSCH) in a radio resource consisting of one subframe in a time
domain and one resource block in a frequency domain.

FIG. 14 shows an example of an impulse response in a time domain if a plurality of
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user equipments transmit respective reference signals.
FIG. 15 shows an example of a channel impulse response in a time domain if UEs,

each of which uses a plurality of antennas, transmit each of a plurality of signals.

FIG. 16 shows an example of a method for applying a small cyclic shift in a wireless
communication system.

FIG. 17 is a flow diagram showing an example of a method for transmitting a signal
in a multiple antenna system.

FIG. 18 is a flowchart showing an example of a method for obtaining a second cyclic

shift value from a first cyclic shift value.

Mode for the Invention

FIG. 1 is a block diagram showing a wireless communication system.

Referring to FIG. 1, a wireless communication system 100 includes at least one base
station (BS) 110. The BSs 110 provide communication services with respect to specific
geographical regions (generally referred to as cells) 105a, 105b, and 105c. Each cell
can be divided into a plurality of regions (referred to as sectors). A user equipment
(UE) 120 may be fixed or mobile, and may be referred to as another terminology, such
as a mobile station (MS), a user terminal (UT), a subscriber station (SS), a wireless
device, etc. The BS 110 is generally a fixed station that communicates with the UE 120
and may be referred to as another terminology, such as an evolved node-B (eNB), a
base transceiver system (BTS), an access point, etc.

Hereinafter, downlink means communication from the BS 110 to the UE 120, and
uplink means communication from the UE 120 to the BS 110. In downlink, a
transmitter may be a part of the BS 110 and a receiver may be a part of the UE 120. In
uplink, a transmitter may be a part of the UE 120 and a receiver may be a part of the
BS 110.

The wireless communication system may be any one of a multiple-input multiple-
output (MIMO) system, a multiple-input single-output (MISO) system, a single-input
single-output (SISO) system, and a single-input multiple-output (SIMO) system. The
MIMO system uses a plurality of transmit (Tx) antennas and a plurality of receive (Rx)
antennas. The MISO system uses a plurality of Tx antennas and one Rx antenna. The
SISO system uses one Tx antenna and one Rx antenna. The SIMO system uses one Tx
antenna and a plurality of Rx antennas.

Hereinafter, the Tx antenna is a logical or physical antenna used to transmit one
signal or one stream, and the Rx antenna is a logical or physical antenna used to
receive one signal or one stream.

FIG. 2 is a block diagram showing an apparatus for a wireless communication. The

apparatus may be a part of a UE. An apparatus 50 includes a processor 51, a memory
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52, aradio frequency (RF) unit 53, a display unit 54, and a user interface unit 55. The
processor 51 may be configured to implement functions, procedures to be proposed
below and/or methods described below in this description. The processor 51 may be
configured to perform various operations, such as, data processing, generation of a
reference signal, MIMO processing, generation of a time-domain signal, etc. The
processor 51 may be configured to process a signal according to a method described
below and transmits the signal through multiple antennas. Layers of the radio interface
protocol may be implemented in the processor 51. The processor 51 may provide the
control plane and the user plane. The function of each layer can be implemented in the
processor 51. The memory 52 is operatively coupled with the processor 51 and stores a
variety of information to operate the processor 51 (e.g., an operating system, ap-
plications, and general files). The display unit 54 displays a variety of information of
the apparatus 50 and may use a well-known element such as a liquid crystal display
(LCD), an organic light emitting diode (OLED), etc. The user interface unit 55 can be
configured with a combination of well-known user interfaces such as a keypad, a touch
screen, etc. The RF unit 53 is operatively coupled with the processor 51 and transmits
and/or receives radio signals.

The processor 51 may include application-specific integrated circuit (ASIC), other
chipset, logic circuit and/or data processing device. The memories 52 may include
read-only memory (ROM), random access memory (RAM), flash memory, memory
card, storage medium and/or other storage device. The RF units 53 may include
baseband circuitry to process radio frequency signals. When the embodiments are im-
plemented in software, the techniques described herein can be implemented with
modules (e.g., procedures, functions, and so on) that perform the functions described
herein. The modules can be stored in memories 52 and executed by processor 51. The
memories 52 can be implemented within the processor 51 or external to the processor
51 in which case those can be communicatively coupled to the processor 51 via various
means as is known in the art.

FIG. 3 is a block diagram showing a structure of a transmitter using one Tx antenna
in a single carrier-frequency division multiple access (SC-FDMA)-based system.

Referring to FIG. 3, a transmitter 200 includes a channel coding unit 210, a
modulator 220, a discrete Fourier transform (DFT) unit 230, a subcarrier mapper 240,
an inverse fast Fourier transform (IFFT) unit 250, a cyclic prefix (CP) insertion unit
260, and one Tx antenna 290.

The channel coding unit 210 performs channel coding on a bit stream to generate
coded bits. The modulator 220 maps the coded bits to symbols representing a position
on a signal constellation. The DFT unit 230 performs DFT on input symbols to output

frequency-domain symbols. The subcarrier mapper 240 maps the frequency-domain
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symbols to respective subcarriers, and properly inserts '0' to the subcarriers. The IFFT
unit 250 performs IFFT on input symbols to output a time-domain signal. The CP
insertion unit 260 copies an end portion of the time-domain signal and inserts the
copied portion into a front portion of the time-domain signal. Inter symbols in-
terference (ISI) and inter carrier interference (ICI) are avoided by the CP insertion, and
thus orthogonality can be maintained in a multi-path channel.

Since IFFT is performed after DFT spreading, the SC-FDMA has a single carrier
property and has a low PAPR in comparison with orthogonal frequency division mul-
tiplexing (OFDM). Therefore, it is possible to allow a UE having limited power to use
higher Tx power. Accordingly, a user throughput can be increased.

FIG. 4 is a block diagram showing an exemplary structure of a transmitter using a
plurality of Tx antennas in an SC-FDMA-based system.

Referring to FIG. 4, a transmitter 300 includes a channel coding unit 310, a
modulator 320, a spatial mapper 330, DFT units 340-1,...,340-Nt, subcarrier mappers
350-1,...,350-Nt, IFFT units 360-1,...,360-Nt, CP insertion units 370-1,...,370-Nt, and a
plurality of Tx antennas 390-1,...,390-Nt. The transmitter 300 is a single-codeword
system having one channel coding unit 310 and one modulator 320. The spatial
mapper 330 performs spatial multiplexing on symbols according to a spatial mul-
tiplexing rate. The spatial-multiplexed symbols of each space are transmitted re-
spectively through the Tx antennas 390-1,...,390-Nt via the DFT units 340-1,...,340-Nt,
the subcarrier mappers 350-1,...,350-Nt, the I[FFT units 360-1....,360-Nt, and the CP
insertion units 370-1....,370-Nt. The transmitter 300 can obtain a maximum coding
gain if the spatial multiplexing rate increases. However, channel adaptive resource al-
location for each space may not be flexibly achieved.

FIG. 5 is a block diagram showing another exemplary structure of a transmitter using
a plurality of Tx antennas in an SC-FDMA-based system.

Referring to FIG. 5, a transmitter 400 includes a channel coding unit 410, a
modulator 420, a spatial mapper 430, DFT units 440-1....,440-L, a MIMO processor
450, subcarrier mappers 460-1....,460-Nt, IFFT units 470-1....,470-Nt, CP insertion
units 480-1,...,480-Nt, and a plurality of Tx antennas 490-1....,490-Nt. The transmitter
400 is a single-codeword system. Spatial-multiplexed symbols for each space are
processed respectively by the DFT units 440-1,...,440-L, and then are subjected to
MIMO processing by the MIMO processor 450 according to a multiple antenna
scheme. For example, the MIMO processing includes a Tx antenna scheme such as
space-time block coding (STBC), cyclic delay diversity (CDD), precoding,
beamforming, etc. The transmitter 400 can perform channel adaptive resource al-
location for each space in a flexible manner.

FIG. 6 is a block diagram showing another exemplary structure of a transmitter using
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a plurality of Tx antennas in an SC-FDMA-based system.

Referring to FIG. 6, a transmitter 500 includes channel coding units 510-1,...,510-M,
modulators 520-1,...,520-M, spatial mappers 530-1....,530-M, DFT units
540-1....,540-L, a MIMO processor 550, subcarrier mappers 560-1.,...,560-Nt, [FFT
units 570-1,...,570-Nt, CP insertion units 580-1,...,580-Nt, and a plurality of Tx
antennas 590-1,...,590-Nt. The transmitter 500 is a multiple-codeword system having
M channel coding units 510-1....,510-M and M modulators 520-1....,520-M.
Modulation may be performed for each codeword. Modulation symbols for the re-
spective codewords are spatial-multiplexed by the spatial mappers 530-1.,...,530-M.
The number M of the codewords may be identical to a spatial multiplexing rate or may
be less than the spatial multiplexing rate. The transmitter 500 is the same as the
transmitter 400 of FIG. 5 except that the transmitter 500 is the multiple-codeword
system.

Hereinafter, STBC, CDD, and precoding which can be performed by the MIMO
processor of FIG. 5 and FIG. 6 according to a multiple antenna scheme will be
described.

First, STBC will be described.

The STBC is a scheme in which the same signal is repetitively transmitted through
different Tx antennas while the signal is continuously transmitted in a time domain or a
frequency domain in a multiple antenna environment. A spatial diversity gain can be
obtained using the STBC.

The following equation shows an example of STBC for a transmitter using two Tx
antennas.

MathFigure 1
[Math.1]

Al

Herein, S1 and S2 denote Tx symbols, and ( * )* denotes a complex conjugate of
( ). A row and/or column of a matrix may correspond to a Tx antenna, a time, a
frequency, etc. For example, each row of the matrix may correspond to each Tx
antenna, and each column of the matrix may correspond to a time or a frequency. If or-
thogonality is maintained between rows, a symbol location can be changed freely.

The STBC for the two Tx antennas can be extended to be used for four Tx antennas.

The following equation shows an example of STBC for a transmitter using four Tx
antennas.

MathFigure 2
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Herein, Tx symbols are simply repeated in the time domain or the frequency domain.
Second, CDD will be described.

FIG. 7 shows an example of CDD in a time domain.

Referring to FIG. 7, a spatial multiplexing rate is 1. A signal in which an OFDM
symbol is added with a CP is transmitted through an Ant O (herein and hereinafter an
antenna n is simply referred to as an Ant n). A signal in which the OFDM symbol is
cyclic-delayed by d1 and is then added with a CP is transmitted through an Ant 1. A
signal in which the OFDM symbol is cyclic-delayed by dNt and is then added with a
CP is transmitted through an Ant Nt. Herein, the OFDM symbol corresponds to N
samples, and the CP corresponds to G samples.

As such, the CDD is a scheme in which an OFDM symbol is transmitted with a
different cyclic delay or a different size for each Tx antenna in a system having a
plurality of Tx antennas. Since a frequency diversity gain can be obtained in a channel
decoding process of a receiver, complexity of the receiver can be significantly
decreased.

A cyclic delay of an OFDM symbol in the time domain is equivalent to an OFDM
symbol multiplied by a phase sequence in a frequency domain.

FIG. 8 shows an example of CDD in a frequency domain.

Referring to FIG. 8, a signal in which a frequency-domain OFDM symbol is
subjected to IFFT and is then added with a CP is transmitted through an Ant 0. A
signal in which the frequency-domain OFDM symbol is multiplied by a phase
sequence 1, is then subjected to IFFT, and is then added with a CP is transmitted
through an Ant 1. A signal in which the frequency-domain OFDM symbol is
multiplied by a phase sequence Nt, is then subjected to IFFT, and is then added with a
CP is transmitted through an Ant Nt. Herein, the frequency-domain OFDM symbol
corresponds to N subcarriers, and the CP corresponds to G samples.

As such, the CDD in the frequency domain is a scheme for transmitting a signal
multiplied by each different phase sequence in the frequency domain for each Tx
antenna before the IFFT is performed. This is referred to as phase shift diversity
(PSD). The PSD can be used not only in an OFDM system but also in an SC-FDMA
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system.

Third, precoding is described.

The precoding is a scheme in which a transmitter transmits a Tx signal to which a
precoding matrix is applied. The transmitter applies the precoding matrix by using
feedback information received from a receiver. The feedback information may be
quantized channel information. If using codebook-based precoding, the feedback in-
formation may be an index of a precoding matrix.

FIG. 9 shows an example of codebook-based precoding.

Referring to FIG. 9, a transmitter 1000 receives an index £ of a precoding matrix
from a receiver 2000 as feedback information (where, £€{1,...,L}). It is assumed that
the transmitter 1000 and the receiver 2000 have a finite number L of precoding
matrixes. The L precoding matrixes are referred to as a codebook. The transmitter
1000 selects a precoding matrix W (where W=P,) from the codebook according to the
feedback information. The transmitter 1000 outputs Tx signals z;,...,Zx. by processing
Tx symbols xi,...,Xy; With the precoding matrix. The transmitter 1000 transmits the Tx
signals z,,...,Zx. through Nt Tx antennas. A MIMO channel is established between the
transmitter 1000 and the receiver 2000. The receiver 2000 receives Rx signals 1i,...,In;
through Nr Rx antennas. The receiver 2000 estimates a Tx symbol from an Rx symbol
by using a maximum likelihood (ML) receiver or a minimum mean square error
(MMSE) receiver.

Phase shift-based precoding (PSP) is a scheme in which precoding and CDD is
combined.

The following equation shows an example of a PSP matrix PSP(k).

MathFigure 3
[Math.3]

PSP(k) = B(k) U
0 e 0]
Jok

0 e e 0

0 0 e

Herein, B(k) denotes a phase shift matrix having a size of NtxNt, and U denotes a

precoding matrix having a size of NtxR. The phase shift matrix B(k) shifts a phase of
the precoding matrix U according to k. k may be an index of a subcarrier or an index of

a virtual resource. Alternatively, k may be indices of a plurality of subcarriers or an
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index of a virtual resource group. The precoding matrix U can be configured to include
CDD. In addition, the PSP matrix PSP(k) may be configured with several com-
binations of a plurality of phase shift matrixes and a plurality of precoding matrixes.

The multiple antenna system scheme described above is optimized for an orthogonal
frequency division multiple access (OFDMA) system. Since an SC-FDMA property
may change if the SC-FDMA system uses the multiple antenna scheme, there is a need
to design a multiple antenna scheme optimized for SC-FDMA.

The SC-FDMA-based multiple antenna system is preferably compatible with a long
term evolution (LTE) system. Thus, a frame structure of the LTE system disclosed in
sections 4 and 5 of the 3GPP TS 36.211 V8.2.0 (2008-03) "Technical Specification
Group Radio Access Network; Evolved Universal Terrestrial Radio Access
(E-UTRA); Physical Channels and Modulation (Release 8)" will be described.

FIG. 10 shows a structure of a radio frame.

Referring to FIG. 10, the radio frame consists of 10 subframes. One subframe
consists of two slots. Slots included in the radio frame are numbered with slot numbers
0 to 19. A time required to transmit one subframe is defined as a transmission time
interval (TTI). The TTI may be a scheduling unit for data transmission. For example,
one radio frame may have a length of 10 milliseconds (ms), one subframe may have a
length of 1 ms, and one slot may have a length of 0.5 ms.

The structure of the radio frame is shown for exemplary purposes only. Thus, the
number of subframes included in the radio frame or the number of slots included in the
subframe may change variously.

FIG. 11 shows an example of a resource grid for one uplink slot.

Referring to FIG. 11, the uplink slot includes a plurality of SC-FDMA symbols in a
time domain and NV resource blocks (RBs) in a frequency domain. The SC-FDMA
symbol is for expressing one symbol period, and may be referred to as an OFDMA
symbol or a symbol duration according to a system. The RB is a resource allocation
unit and includes a plurality of subcarriers in the frequency domain. The number N
of RBs included in the uplink slot depends on an uplink transmission bandwidth
configured in a cell. Each element on the resource grid is referred to as a resource
element. Although it is described herein that one RB includes 7x12 resource elements
consisting of 7 SC-FDMA symbols in the time domain and 12 subcarriers in the
frequency domain, this is for exemplary purposes only. Thus, the number of SC-
FDMA symbols and the number of subcarriers in the RB are not limited thereto. The
number of SC-FDMA symbols may change according to a length of a CP. For
example, if a normal CP is used, the number of OFDM symbols is 7, and if an
extended CP is used, the number of OFDM symbols is 6.

The resource grid for one uplink slot of FIG. 11 can also apply to a resource grid for
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a downlink slot. In this case, however, the downlink slot includes a plurality of OFDM
symbols in the time domain.

FIG. 12 shows an exemplary structure of an uplink subframe.

Referring to FIG. 12, the uplink subframe may be divided into a control region
allocated to a physical uplink control channel (PUCCH) carrying uplink control in-
formation and a data region allocated to a physical uplink shared channel (PUSCH)
carrying user data. A middle portion of the subframe is allocated to the PUSCH, and
both end portions of the data region is allocated to the PUCCH. To maintain a single
carrier property in SC-FDMA, consecutive RBs in a frequency domain are allocated to
one UE. One UE cannot simultaneously transmit the PUCCH and the PUSCH.

The PUCCH for one UE is allocated to an RB pair in a subframe. RBs belonging to
the RB pair occupy different subcarriers in each of the two slots. In this case, it is said
that the RB pair allocated to the PUCCH is subject to frequency hopping at a slot
boundary. In FIG. 12, m denotes a location index indicating a frequency domain
location of an RB pair allocated to the PUCCH in the subframe.

Examples of an uplink control signal transmitted on the PUCCH include an hybrid
automatic repeat request (HARQ) acknowledgment (ACK)/negative-acknowledgment
(NACK), a channel quality indicator (CQI) indicating a downlink channel condition, a
scheduling request signal that is an uplink radio resource allocation request, etc. The
uplink control information can be transmitted on not only the PUCCH but also the
PUSCH.

The PUSCH is mapped to an uplink shared channel (UL-SCH) that is a transport
channel, and carries a data stream and/or uplink control information.

FIG. 13 shows an exemplary structure of a reference signal for a PUSCH in a radio
resource consisting of one subframe in a time domain and one resource block in a
frequency domain.

Referring to FIG. 13, the reference signal for the PUSCH is transmitted in a 4th SC-
FDMA symbol (i.e., an SC-FDMA symbol located in the center of a slot) for each of
two slots in a subframe. For channel estimation, the reference signal needs to be known
to both a transmitter and a receiver. To maintain a single carrier property, entire sub-
carriers of one SC-FDMA symbol is used for transmission of the reference signal. The
reference signal for the PUSCH is a demodulation reference signal (DMRS) which is
used for channel estimation to demodulate data transmitted on the PUSCH.

The reference signal may be generated by being multiplied by a predefined reference
signal sequence. The reference signal sequence may be a binary sequence or a complex
sequence. For example, the reference signal sequence may be a Zadoff-Chu (ZC)
sequence.

The same resource block may be assigned to a plurality of UEs. In this case, data of
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each of the plurality of UEs can be recovered only if a BS can identify a reference
signal for each UE. To identify the reference signal for each UE, the reference signal
may be transmitted by using a different reference signal sequence for each UE.
Preferably, reference signal sequences for the respective UEs are orthogonal to each
other or have a low correlation with each other. For example, the reference signal
sequence for each UE may be a sequence in which a first sequence is cyclic-shifted
with a different cyclic shift (CS) amount in the time domain according to a UE. If CS
is applied in the time domain, the reference signal may have a configuration in which
the first sequence is multiplied by a phase shift sequence in the frequency domain.

If S®(n) denotes a sequence generated by cyclically shifting the first sequence by a
CS amount 'a', S®(n) can be expressed by the following equation.

MathFigure 4
[Math.4]

S(n)=e""S(n)

Herein, n=0,1,...,M®5-1 and a=2mncg/12. S(n) denotes a first sequence with a length
of MRS, For example, MRS denotes the number of subcarriers corresponding to a
bandwidth scheduled for uplink transmission. Hereinafter, ncg is referred to as a CS
factor. The CS factor indicates a CS amount. The CS amount is a standard of CS in
frequency domain.

By applying the different CS amount 'a' to each UE, the BS can identify the reference
signal for each UE even if the same resource block is allocated to a plurality of UEs.
Therefore, the same resource block can be allocated simultaneously to multiple users
or multiple pieces of data in accordance with the number of CS factors. If one resource
block consists of 12 subcarriers, up to 12 CS factors can be configured (ncs=0,1,...11).
Although up to 12 CS factors are possible, performance of wireless communication
can be maintained to the highest level by using only CS factors having good cor-
relation properties. For example, 8 CS factors having good correlation properties can
be used. In this case, up to 8 UEs or 8 independent pieces of data can be assigned to
the same time-frequency radio resource.

The BS can assign the CS factor ncg in accordance with each UE in a cell. If using
the 8 CSs, the BS can transmit information regarding the CS factor to the each UE by
using a 3-bit CS field. The following table shows an example of the 3-bit CS field.

Table 1
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[Table 1]

Cyclic Shift Field Ncs
000 0
001 6
010 3
o011 4
100 2
101 8
110 10
111 9

The CS field can be transmitted by being included in control information which
regards uplink resource allocation on a physical downlink control channel (PDCCH).
The control information transmitted on the PDCCH is referred to as downlink control
information (DCI). For example, the control information regarding uplink resource al-
location may use a DCI format O for PUSCH scheduling. The UE transmits a reference
signal to which a CS is applied according to the CS field.

The CS factor ncs may be determined by combining other parameters in addition to
the CS field. For example, the UE can determine the CS factor according to the CS
field, a value to be broadcast, a cell identifier (ID), etc.

FIG. 14 shows an example of an impulse response in a time domain if a plurality of
UESs transmit respective reference signals. In this case, the plurality of UEs transmit the
respective reference signals by using the same time-frequency radio resource.

Referring to FIG. 14, impulse responses of channels 0 to N-1 are identified in one
SC-FDMA symbol duration Ty,,. A channel n denotes a channel of a UE using a CS in
accordance with n (0<n<N-1, where n and N are integers). Herein, n denotes a CS
index, where n=0,...,N-1. Therefore, a BS can estimate each channel through time-
domain windowing. The time-domain windowing corresponds to frequency-domain
filtering. The channel n can be estimated through a window n. The time-domain
windowing can be performed using a window function. For example, the window
function may be a function that returns 1 only in a window duration and returns O in
the remaining durations other than the window duration. The window duration may be
determined according to a maximum delay spread of a channel.

As such, to identify an impulse response of a channel for each UE, CSs used by the
respective UEs must have sufficient intervals. The maximum number of CSs for

identifying the impulse response of each channel is determined according to the
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maximum delay spread of the channel.
The following equation shows the maximum number N of the CSs.
MathFigure 5

[Math.5]

N=| h |

Tmax

Herein, T, denotes a length of an OFDM symbol or SC-FDMA symbol, and 7.
denotes a maximum delay spread of a channel. Hereinafter, n denotes a CS index,
where n=0,...,N-1.

In an OFDM system or SC-FDMA system, one OFDM symbol or one SC-FDMA
symbol have a length of Tj;,,=1/Af, where Af is a subcarrier spacing.

A CS value indicated by CS index n can be expressed by nxA. The CS value is a
standard of CS in time domain. A can be expressed by the following equation.

MathFigure 6

[Math.6]

AC.&' N

If a different CS index n is used for each UE, the BS can identify each channel
through windowing. As such, the number of pieces of data or the number of users that
can be multiplexed at the same time by using the same time-frequency radio resource
are limited depending on the maximum number of CSs. However, according to a cell
size or a surrounding environment, an actual maximum delay spread of a channel may
be different from a maximum delay spread ., used to calculate the maximum number
of CSs. In particular, since a wireless communication system is a time variant system,
a transmission environment may change over time. If the actual maximum delay
spread is greater than the maximum delay spread 7.y, interference may occur between
channels using consecutive CS indices n.

Now, a method for transmitting a signal in an SC-FDMA-based multiple antenna
system will be described. The signal is for data and/or a DMRS. The same time-
frequency radio resource can be allocated simultaneously to a plurality of UEs, and
each UE can have a plurality of antennas.

If the UE transmits uplink signals by using the plurality of antennas, there is one
resource grid defined per antenna. That is, a DMRS and data can be transmitted
through the time-frequency radio resource as shown in FIG. 13 for each antenna.

Therefore, it is necessary to identify a channel for each antenna. In a multiple antenna
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scheme such as STBC, channels for respective antennas have to be separated each
other as much as possible without interference between the channels for the respective
antennas. For this, a channel for each antenna can be identified in such a manner that
one UE applies a different CS value to each antenna. The maximum number of CSs is
limited according to the maximum delay spread, and thus it is important to properly
use a CS value for each antenna in accordance with the multiple antenna scheme.

FIG. 15 shows an example of a channel impulse response in a time domain if UEs,
each of which uses a plurality of antennas, transmit each of a plurality of signals. In
this case, the UEs, each of which uses the plurality of antennas, transmit the each of
the plurality of signals by applying different CS values through the same time-
frequency radio resource.

Referring to FIG. 15, regarding a UE 1, a CS index n is O for an Ant 1 and is 2 for an
Ant 2. Regarding a UE 2, the CS index n is 1 for an Ant 1 and is 3 for an Ant 2. In one
UE, CS indices for the respective antennas are assigned to have a difference of 2. Since
interference may occur between consecutive CS indices, it is preferable that the CS
indices of the respective antennas have a difference of at least 2.

A plurality of CS values can be assigned to one UE according to various methods.
Hereinafter, a method for assigning a plurality of CS values to one UE will be
described.

(1) A method for assigning multiple CS values

In this method, a BS transmits CS values for respective antennas to a UE. The CS
values for the respective antennas can be transmitted through CS fields each having the
same bit size. Alternatively, an offset may be predefined, and the CS values for the re-
spective antennas may be transmitted through one CS field and an offset field. The CS
values may be transmitted through a PDCCH by being included in a DCI format for
uplink resource allocation. This method provides a high degree of freedom since the
BS can properly assign CS values of which number is limited according to a cell
condition and a channel condition.

(2) A predefined method

In this method, a BS transmits a CS value for only one antenna to a UE. The UE uses
the received CS value as a reference CS value and determines other CS values in ac-
cordance with a predetermined offset. The offset may be one predetermined value, or
may be a value determined by a specific pattern according to a time-frequency radio
resource. The offset may be used differently from one BS to another. Information
regarding the offset may be semi-statically transmitted through high-layer signaling.
Alternatively, the information regarding the offset may be cell-specific information
and may be transmitted through a broadcast channel. With this method, an overhead of

control information transmission can be reduced in comparison with the method for
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assigning multiple CS values.

In this case, a CS value for each antenna can be predefined to be a maximum distance
by considering interference between antennas. If N denotes the maximum number of
available CSs and Nt denotes the number of antennas that can be used by a UE for
transmission of signals, an offset may be N/Nt, ceil(N/Nt), or floor(N/Nt). Herein,
ceil( + ) is a function that returns the smallest integer value greater than or equal to
( * ), and floor( - ) is a function that returns the greatest integer less than or equal to
()

For example, it is assumed that a CS index 0 of a reference CS value is assigned to a
UE using two antennas. The UE may use a CS index of O for an Ant 1, and may use a
CS index of N/2, ceil(N/2), or floor(N/2) for an Ant 2. That is, an offset is set to N/2,
ceil(N/2), or floor(N/2) from a CS index of a reference CS value so that the distance
between CS indices of the respective antennas is maximum. It is assumed that the CS
index of the reference CS value is 0 if it is assigned to a UE using four antennas. For
convenience of explanation, N is assumed to be a multiple of 4. The UE can use a CS
index of O for an Ant 1, a CS index of N/4 for an Ant 2, a CS index of 2N/4 for an Ant
3, and a CS index of 3N/4 for an Ant 4.

(3) A method for applying a small CS in a multiple antenna system

FIG. 16 shows an example of a method for applying a small CS in a multiple antenna
system.

Referring to FIG. 16, regarding a UE 1, a CS index n is 0. Regarding a UE 2, the CS
index n is 1. In the UE 1, a CS value for an Ant 1 and a CS value for an Ant 2 are
located in one inner window. In the UE 2, a CS value for an Ant 1 and a CS value for
an Ant 2 are also located in one inner window.

To minimize inter-cell interference, a BS assigns only one CS value to one UE.
Hereinafter, one CS value assigned to the UE is referred to as a reference CS value.
The UE configures CS values for a plurality of antennas such that the respective CS
values are located in one inner window according to a reference CS value. Therefore,
the CS values for the respective antennas are values within a range less than a
maximum delay spread t,,,, with respect to the reference CS value. That is, a difference
between two different CS values out of the CS values for a UE is less than a maximum
delay spread. A CS in the range less than the maximum delay spread 7., is referred to
as the small CS. If the small CS is applied, CSs values for the respective antennas
belong to the same window. Therefore, channels for the respective antennas of the UE
can be included in one inner window. Hereinafter, a CS in the range greater than the
maximum delay spread T.,.,x as shown in FIG. 15 is referred to as a large CS in order to
be distinguished from the small CS. If the large CS is applied, the CS values for the re-

spective antennas of the UE belong to different windows. That is, a difference between
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two different CS values out of the CS values for a UE is greater than a maximum delay
spread.

For example, it is assumed that a UE has two antennas. A reference CS value is
applied to a CS value for an Ant 1. A CS value for an Ant 2 is preferable selected from
a range less than t,,,/2 with respect to the reference CS value.

Among multiple antenna schemes, the method for applying the small CS is suitable
for a system using a multiple antenna scheme capable of receiving data without having
to perform channel estimation for each Tx antenna. Examples of the method include
CDD, PSD, precoding, etc.

In case of the precoding, the same CS value is identically applied for each Tx
antenna if a dedicated reference signal is used. If the same precoding matrix is applied
to a demodulation reference signal (DMRS), data reception is possible since a receiver
can obtain an equivalent channel to which the precoding is applied. Therefore, the
small CS can be applied for each Tx antenna.

(4) A method for applying a hybrid CS in a multiple antenna system

The method for applying the hybrid CS uses both the large CS and the small CS in
combination with each other. The method for applying the small CS or the method for
applying the hybrid CS is for the effective use of the maximum number of limited CSs.
With this method, a proper number of CSs can be maintained for other users.

For example, it is assumed that a UE uses four antennas. The four antennas are paired
by two antennas and thus are grouped into two antenna groups. The large CS is applied
to each antenna group. The small CS is applied between antennas in each antenna
group. Therefore, a channel for another antenna group can be included in an outer
window, and a channel for each antenna in the same antenna group can be included in
one inner window. In this case, although the UE uses the four antennas, only two CS
values can be assigned for transmission of signals. A BS receives the signals in the
same manner in which the UE transmits data through two antennas. Accordingly, it is
required to use a multiple antenna scheme for two antennas instead of using a multiple
antenna scheme for four antennas.

A general case where a UE uses M antennas (M>2, where M is a natural number)
will be described. The M antennas are divided into N antenna groups (N<M, where N
is a natural number) without overlapping. The large CS is applied between different
antenna groups, and the small CS is applied in the same antenna group. Accordingly,
CS values belonging to different antenna groups among the N antenna groups belong
to different windows. In addition, CS values belonging to the same antenna group
among the N antenna groups belong to the same window.

(5) A method for applying a fixed CS in a multiple antenna system

Each antenna's CS value used for a PUSCH and a reference signal used to transmit
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CDD of data will be described. A difference between a reference CS value assigned to
one UE and a CS value applied to each antenna is one or several samples of a sampling
frequency corresponding to a Tx bandwidth.

For example, it is assumed that a CS index 0 is assigned as a reference CS value to a
UE using two antennas. Transmission is made through an Ant 1 with a=0 and is made
through an Ant 2 with a=27n'/Ng,. Herein, 'a’ denotes CS amount. The CS amount is
also referred to as a phase component of a CS or phase shift. Nfft denotes a fast Fourier
transform (FFT) size applied to the Tx bandwidth, and n'=0,1,...,Ng-1. Nfft can be
expressed by the following equation.

MathFigure 7
[Math.7]
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A+ Ts

Herein, Af denotes a subcarrier spacing, and Ts denotes a sampling time corre-

N g

sponding to a Tx bandwidth.

A case where n'=1, that is, a case where a CS corresponding to one sample is applied
will be described. For example, it is assumed that the Tx bandwidth is 20 MHz, and
Af=15 kHz, N=2048, and Ts=1/(AfxNg)=32.552 ns. Then, transmission is made
through an Ant 1 with a=0 and is made through an Ant 2 with a=27x1/2048. For
another example, it is assumed that the Tx bandwidth is 1.4 MHz, and Af=15 kHz, N,
=128, and Ts=1/(AfxNg)=520.83 ns. Then, transmission is made through an Ant 1
with a=0 and is made through an Ant 2 with a=2mx1/128.

(6) A method for configuring a data channel

A CS for each antenna can be applied differently to a DMRS and data. In case of
STBC, it is preferable that the CS for each antenna is applied only to the DMRS and is
not applied to the data. In case of CDD, PSD, or precoding, the CS for each antenna
can be applied to both the DMRS and the data or can be applied only to the DMRS.
System performance may be almost similar in the both cases. However, in case of the
method for applying the small CS, the CS for each antenna is applied to both the
DMRS and the data.

(7) A method for applying a multiple antenna scheme in a multiple RF system.

A UE can use the multiple RF system. The multiple RF system is a system in which a
plurality of physical channels are allocated to one UE. In this case, different CS values
can be assigned for respective physical channels. In this case, although a different CS
value is assigned to each physical channel, an offset may be configured to be identical
for all physical channels in one UE. Accordingly, an overhead of control information

can be reduced. The offset may be transmitted through high-layer signaling.
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(8) A method for applying an adaptive CS according to resource allocation

In case of CDD or PSD, a result obtained by applying a large delay sample is as
shown in FIG. 15 and a result obtained by applying a small delay sample is as shown
in FIG. 16. The large delay sample implies that one or more cycles are satisfied within
at least one resource block. CDD to which the large delay sample is applied can be
used to increase a diversity gain. CDD to which the small delay sample is applied can
obtain a great gain if frequency resources are sufficiently allocated.

In the method for applying the adaptive CS according to resource allocation, a CS is
applied by comparing a size of a radio resource allocated to a UE with a threshold
value. For example, the size of the allocated radio resource may be equal to the number
of resource blocks. If the size of the allocated radio resource is greater than the
threshold, the small CS can be applied. Otherwise, if the size of the allocated radio
resource is less than the threshold, the large CS can be applied.

(9) A method for applying a small delay CDD according to resource allocation

The small CS can be applied according to resource allocation. If using the method for
applying the small CS, the less the CS value for each antenna with respect to a
reference CS value, the less the interference acting on a channel using another
reference CS value. Therefore, it is preferable to obtain a sufficient diversity gain by
using a minimum CS according to the number of resource allocations such as resource
blocks. For this, the CS value may be configured to be a phase shift of one cyclic
within a duration of allocated frequency resources.

The CS amount 'a’ of Equation 4 above can be expressed by the following equation.

MathFigure 8
[Math.8]

_ 2n
AN,

Herein, M denotes the number of resource blocks continuously allocated to the UE,

a

and Ny, denotes the number of subcarriers included in one resource block in a
frequency domain.

If MxNyy is less than a specific size, the CS amount 'a’ is expressed by the following
equation so that a CS value for each of a plurality of antennas is located in an inner
window.

MathFigure 9
[Math.9]
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Herein, N¥i» denotes a window size.

(10) CS hopping for a PUSCH

If a small number of resource blocks are allocated, it is difficult to obtain a sufficient
frequency diversity gain according to the method for applying the small CS. Therefore,
a CS may be hopped with a specific time interval within one subframe according to a
determined rule so as to increase a time diversity gain. The specific time interval may
be an SC-FDMA symbol, a slot, etc.

For example, one UE can use a CS value by changing the CS value on an SC-FDMA
symbol basis or on a slot basis within one subframe. In this case, although the same
frequency domain is used, the UE can perform transmission by varying a channel
according to a time.

A slot-based hopping method can apply the small CS to both a DMRS and PUSCH
data since the DMRS exists for each slot. An SC-FDMA symbol-based hopping
method preferably identifies a channel for each antenna by applying a CS to the DMRS
as shown in FIG. 15. That is, the SC-FDMA symbol-based hopping method preferably
applies the small CS only to the PUSCH data.

FIG. 17 is a flow diagram showing an example of a method for transmitting a signal
in a multiple antenna system.

Referring to FIG. 17, a BS transmits information regarding a first CS value CS1 to a
UE (step S110). The first CS value is a reference CS value. The UE obtains a second
CS value CS2 from the first CS value CS1 (step S120). The number of second CS
values may vary depending on the number of Tx antennas used by the UE. For
example, if the number of Tx antennas is Nt, the UE obtains Nt-1 second CS values.
The UE transmits signals, to which each CS value is applied, through each antenna
(step S130). For example, if the UE uses two Tx antennas, the UE transmits a first
signal, to which the first CS value is applied, through an Ant 1, and transmits a second
signal, to which the second CS value is applied, through an Ant 2. The aforementioned
method is applied to a method for transmitting information regarding the first CS value
and a method for obtaining the second CS value.

FIG. 18 is a flowchart showing an example of a method for obtaining a second CS
value from a first CS value.

Referring to FIG. 18, a UE receives information regarding a radio resource allocated
by a BS (step S210). The UE compares a size of the allocated radio resource with a
threshold (step S220). If the size of the allocated radio resource is greater than the
threshold, the second CS value is obtained by applying the small CS (step S230).
Otherwise, if the size of the allocated radio resource is less than or equal to the
threshold, the second CS value is obtained by applying the large CS (step S240).

As such, a method and an apparatus for effectively transmitting a signal in an SC-
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FDMA-based multiple antenna system can be provided. Therefore, the signal can be
transmitted adaptively according to the number of UEs in a cell, and thus a UE can
transmit a signal with high reliability in an environment where the UE moves in a high
speed. Since limited radio resources can be effectively used, overall system per-
formance can be improved.

In view of the exemplary systems described herein, methodologies that may be im-
plemented in accordance with the disclosed subject matter have been described with
reference to several flow diagrams. While for purposed of simplicity, the
methodologies are shown and described as a series of steps or blocks, it is to be un-
derstood and appreciated that the claimed subject matter is not limited by the order of
the steps or blocks, as some steps may occur in different orders or concurrently with
other steps from what is depicted and described herein. Moreover, one skilled in the art
would understand that the steps illustrated in the flow diagram are not exclusive and
other steps may be included or one or more of the steps in the example flow diagram
may be deleted without affecting the scope and spirit of the present disclosure.

What has been described above includes examples of the various aspects. It is, of
course, not possible to describe every conceivable combination of components or
methodologies for purposes of describing the various aspects, but one of ordinary skill
in the art may recognize that many further combinations and permutations are possible.
Accordingly, the subject specification is intended to embrace all such alternations,
modifications and variations that fall within the spirit and scope of the appended

claims.
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Claims

A method for transmitting a signal in a wireless communication system, carried
in a user equipment (UE), the method comprising:

receiving cyclic shift information indicating a first cyclic shift value from a base
stagion (BS);

obtaining a second cyclic shift value from the first cyclic shift value;
transmitting a first signal based on the first cyclic shift value through a first
antenna to the BS; and

transmitting a second signal based on the second cyclic shift value through a
second antenna to the BS,

wherein the first signal and the second signal are transmitted on the same radio
resource.

The method of claim 1, wherein the radio resource comprises a single carrier-
frequency division multiple access (SC-FDMA) symbol and a subcarrier.

The method of claim 1, wherein the first signal is for first data, and the second
signal is for second data.

The method of claim 3, wherein the first data and the second data are the same.
The method of claim 1, wherein the first signal is a first DMRS (demodulation
reference signal), and the second signal is a second DMRS.

The method of claim 1, further comprising

receiving radio resource information indicating the radio resource from the BS;
and

comparing a size of the radio resource with a threshold,

wherein, if the size of the radio resource is less than or equal to the threshold, a
difference between the first cyclic shift value and the second cyclic shift value is
greater than a maximum delay spread, and if the size of the radio resource is
greater than the threshold, the difference between the first cyclic shift value and
the second cyclic shift value is less than the maximum delay spread.

The method of claim 6, wherein the radio resource information and the cyclic
shift information are received on a physical downlink control channel (PDCCH),
and the first signal and the second signal are transmitted on a physical uplink
shared channel (PUSCH).

The method of claim 2, wherein the SC-FDMA symbol is divided into a plurality
of windows in a time domain, the first cyclic shift value and the second cyclic
shift value belong to different windows, and

wherein a window duration of each of the plurality of windows is determined in

accordance with a maximum delay spread.
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The method of claim 2, wherein the SC-FDMA symbol is divided into a plurality
of windows in a time domain, and the first cyclic shift value and the second
cyclic shift value belong to the same window, and

wherein a window duration of each of the plurality of windows is determined in
accordance with a maximum delay spread.

The method of claim 1, wherein whether a difference between the first cyclic
shift value and the second cyclic shift value is greater than a maximum delay
spread is determined in accordance with a transmit antenna scheme.

An apparatus for wireless communication, comprising

a radio frequency (RF) unit transmitting and/or receiving a radio signal; and

a processor coupled with the RF unit and configured to:

receive cyclic shift information indicating a first cyclic shift value;

obtain a second cyclic shift value from the first cyclic shift value;

transmit a first signal based on the first cyclic shift value through a first antenna;
and

transmit a second signal based on the second cyclic shift value through a second
antenna,

wherein the first signal and the second signal are transmitted on the same radio
resource.

A method for transmitting a signal in a wireless communication system using M
antennas (M>2, where M is a natural number), carried in a UE, the method
comprising:

receiving cyclic shift information indicating a first cyclic shift value;

generating M cyclic shift values by obtaining M-1 cyclic shift values from the
first cyclic shift value; and

transmitting each of a plurality of signals to which each of the M cyclic shift
values is applied through each of the M antennas,

wherein the plurality of signals are transmitted on the same SC-FDMA symbol.
The method of claim 12, wherein the SC-FDMA symbol is divided into a
plurality of windows in a time domain, the M cyclic shift values are divided into
N groups (N<M, where N is a natural number) without overlapping, and cyclic
shift values belonging to different groups among the N groups belong to different
windows, and

wherein cyclic shift values belonging to the same group among the N groups
belong to the same window.

The method of claim 12, wherein a window duration of each of the plurality of
windows is determined in accordance with a maximum delay spread.

The method of claim 12, wherein the plurality of signals are for the same data.
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[Fig. 6]
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