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& (57) Abstract: The present invention provides for transmitting a spread signal in a mobile communication system. The present
invention includes spreading a signal using a plurality of spreading codes, wherein the plurality of spreading codes have a spreading
o factor, multiplexing the spread signal by code division multiplexing, transmitting the multiplexed signal viaa plurality of neighboring

frequency resources of one OFDM symbol of a first antenna set, and transmitting the same multiplexed signal via a plurality of

=

neighboring frequency resources of one OFDM symbol of a second anfenna set.
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TRANSMITTING SPREAD SIGNAL IN COMMUNICATION SYSTEM

[DESCRIPTION]

TECHNICAL FIELD

f0001] The present invention relates to a communication
system, and more particularly, to transmitting a spread signal

in a communication system.

BACKGROUND ART

[0002] Recently, the demand for wireless communication
services has risen abruptly due to the generalization of
information communication services, the advent of various
multimedia services and the appearance of high-guality services.
To actively cope with the demand, a communication system's
capacity should first be increased, In order to do so, methods
for finding new available frequency bands and raising the
efficiency of given resources in wireless communication
environments are considered,

[0003] Much effort and attention has been made to research
and develop multi-antenna technology. Here, diversity gain is
obtained by additionally securing a spatial area for resource

utilization with a plurality of antennas provided to a
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transceiver or raising transmission capacity by transmitting data in parallel via each antenna.

[0004] An example of a multi-antenna technology is a multiple input multiple output (MIMO)
scheme. The MIMO scheme indicates an antenna system having multiple inputs and outputs,
raises a quantity of information by transmitting different information via each transmitting
antenna, and enhances reliability of transport information using coding schemes such as STC
(space-time coding) , STBC (space-time block coding) , SPBC (space-frequency block coding)
and the like.

DISCLOSURE OF THE INVENTION

[0005] The present invention is directed to transmitting a spread signal in a mobile

communication system.

[0006] Additional features and advantages of the invention will be set forth in the description
which follows, and in part will be apparent from the description, or may be learned by practice of
the invention. The objectives and other advantages of the invention will be realized and attained
by the structure particularly pointed out in the written description and claims hereof as well as

the appended drawings.

[0006a] Reference to any prior art in the specification is not, and should not be taken as, an
acknowledgment, or any form of suggestion, that this prior art forms part of the common general
knowledge in Australia or any other jurisdiction or that this prior art could reasonably be

expected to be ascertained, understood and regarded as relevant by a person skilled in the art.

[0007] To achieve these and other advantages and in accordance with the purpose of the present
invention, as embodied and broadly described, the present invention is embodied in a method for
transmitting a spread signal in a mobile communication system, the method comprising
spreading a signal using a plurality of spreading codes, wherein the plurality of spreading codes
have a spreading factor of 4, coding the spread signal for multiple antenna transmission
multiplexing the coded spread signal by code division multiplexing per each antenna,
transmitting the multiplexed signal via four neighboring frequency resources of one OFDM

symbol of a first antenna set consisting of two antennas, and transmitting the same
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multiplexed signal via a plurality of neighboring frequency resources of one OFDM symbol of a

second antenna set consisting of two antennas,

wherein the multiplexed signal transmitted via the first antenna set and the multiplexed signal
transmitted via the second antenna set are separated by a plurality of subcarriers from each other

in a frequency domain,

wherein the spread signal is coded between the two antennas in the first antenna set and the

second antenna set as shown in Table 1:

Table 1

neighboring frequency resources in one
OFDM symbol

antenna A | fi(ay) Jolaz) fi(a3) faay)

antenna B | fia) | fuf@) | fia) | fulay)

wherein the antennas A and B represent the two antennas in each antenna set, f(x) = x, f3(x) = x,

fix) = -x and Jax) = x,anda; toay represent each element of the spread signal.

[0008] Alternatively, the spreading factor may be equal to the number of neighboring frequency

resources.

[0009] In one embodiment of the present invention, the first antenna set is space frequency block
coded by applying a space frequency block code to each neighboring pair of frequency resources
of one OFDM symbol, wherein the first antenna set comprises two antennas. Moreover, the
second antenna set is space frequency block coded by applying a space frequency block code to
each neighboring pair of frequency resources of one OFDM symbol, wherein the second antenna

set comprises two antennas.
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[0009a) In a second aspect, the present invention provides a method for receiving a spread signal
in a mobile communication system, the method comprising receiving mulitiplexed signal via four
neighboring frequency resources of one OFDM symbol, the multiplexed signal being transmitted
from a first antenna set consisting of two antennas of a transmitting end; and receiving the same
multiplexed signal via four neighboring frequency resources of one OFDM symbol, the same
multiplexed signal being transmitted from a second antenna set consisting of two antennas of the
transmitting end, wherein the multiplexed signal is obtained at the transmitting end from a coded
spread signal using code division multiplexing per each antenna, wherein the coded spread signal
is obtained at the transmitting end by coding a spread signal between the two antennas in the first

antenna set and the second antenna set as shown in Table 1:

Table 1

neighboring frequency resources in one

OFDM symbol

antenna A | fia) | flay  |fitay) | foay

antenna B | f3(ay) Su(ay) Sfi(ay) Jo(az)

wherein the antennas A and B represent the two antennas in each antenna set, fi(x) = x, f2(x) = x,
Sy = <" and fy(x) = x", and q; 10 aq represent each element of the spread signal, wherein the
spread signal is obtained by spreading a signal using a plurality of spreading codes, wherein the
plurality of spreading codes have a spreading factor of 4, wherein the multiplexed signal
transmitted via the first antenna set and the multiplexed signal transmitted via the second antenna

set are separated by a plurality of subcarriers from each other in a frequency domain.
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[0009b] In a third aspect, the present invention provides a transmitting end used in a mobile
communication system, the transmitting end comprising means for spreading a signal using a
plurality of spreading codes, wherein the plurality of spreading codes have a spreading factor of
4; means for coding the spread signal for multiple antenna transmission; means for multiplexing
the coded spread signal by code division multiplexing per each antenna; means for transmitting
the multiplexed signal via four neighboring frequency resources of one OFDM symbol of a first
antenna set consisting of two antennas; and means for transmitting the same multiplexed signal
via four neighboring frequency resources of one OFDM symbol of a second antenna set
consisting of two antennas, wherein the multiplexed signal transmitted via the first antenna set
and the multiplexed signal transmitted via the second antenna set are separated by a plurality of
subcarriers from each other in a frequency domain, wherein the spread signal is coded between

the two antennas in the first antenna set and the second antenna set as shown in Table 1:

Table 1

neighboring frequency resources in one
OFDM symbol

antenna A | fifa;) | (@) | fi@) | folay

antenna B | f3(ay) Sfoay) Sfilay) Jo(az)

wherein the antennas A and B represent the two antennas in each antenna set, fi(x) = x, f2(x) = x,

fix) = -x and fex) = x",and a; fo a, represent each element of the spread signal.

[0009¢c] In a fourth aspect, the present invention provides a receiving end used in a
mobile communication system, the receiving end comprising means for receiving multiplexed
signal via four neighboring frequency resources of one OFDM symbol, the multiplexed signal
being transmitted from a first antenna set consisting of two antennas of a transmitting end; and

means for receiving the same multiplexed signal via four neighboring frequency resources of one

4a
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OFDM symbol, the same multiplexed signal being transmitted from a second antenna set
consisting of two antennas of the transmitting end, wherein the multiplexed signal is obtained at
the transmitting end from a coded spread signal using code division multiplexing per each
antenna, wherein the coded spread signal is obtained at the transmitting end by coding a spread
signal between the two antennas in the first antenna set and the second antenna set as shown in
Table 1:

Table 1

neighboring frequency resources in one

OFDM symbol

antenna A Si@) | fla) | filas) | fofay

antennaB | fif@) | fuw) | fifa) | Se(as)

wherein the antennas A and B represent the two antennas in each antenna set, fj(x)} = x,

10 folx) =x, f3x) = x" and fifx) = x", and a; to a4 represent each element of the spread signal,

15

20

wherein the spread signal is obtained by spreading a signal using a plurality of spreading codes,
wherein the plurality of spreading codes have a spreading factor of 4, wherein the multiplexed
signal transmitted via the first antenna set and the multiplexed signal transmitted via the second

antenna set are separated by a plurality of subcarriers from each other in a frequency domain.

[0010] In some embodiments the multiplexed signal transmitted via the first antenna set and the
multiplexed signal transmitted via the second antenna set are transmitted via respectively
different frequency resources. Preferably, the multiplexed signal transmitted via the first antenna
set and the multiplexed signal transmitted via the second antenna set are transmitted via

respectively different OFDM symbols.

[0011] In another embodiment of the present invention, the multiplexed signal is transmitted

alternately by the first antenna set and second antenna set via independent frequency

4b
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resources repeatedly. Preferably, the multiplexed signal is transmitted a total of 3 times using the

first antenna set and second antenna set alternately.

[0012] In one embodiment of the present invention, the first antenna set comprises a first antenna
and a second antenna of a four-antenna group, and the second antenna set comprises a third

antenna and a fourth antenna of the four-antenna group.

[0013] In another embodiment of the present invention, the first antenna set comprises a first
antenna and a third antenna of a four-antenna group, and the second antenna set comprises a

second antenna and a fourth antenna of the four-antenna group.

[0013a] In a second aspect, the present invention provides a method for receiving a spread signal
in a mobile communication system, the method comprising receiving multiplexed signal via four
neighboring frequency resources of one OFDM symbol, the multiplexed signal being transmitted
from a first antenna set consisting of two antennas of a transmitting end; and receiving the same
muitiplexed signal via four neighboring frequency resources of one OFDM symbol, the same
multiplexed signal being transmitted from a second antenna set consisting of two antennas of the
transmitting end, wherein the multiplexed signal is obtained at the transmitting end from a coded
spread signal using code division multiplexing per each antenna, wherein the coded spread signal
is obtained at the transmitting end by coding a spread signal between the two antennas in the first

antenna set and the second antenna set as shown in Table 1:

Table 1

neighboring frequency resources in one
OFDM symbol

antenna A | fi(a;) filaz) fifay) fofay)

antennaB | fi(ay) Jiay) Si(ay) fuaz)

4c
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wherein the antennas A and B represent the two antennas in each antenna set, f;(x) = x, fo(x) = x,
fix) = " and Jolx) = x',and a; 10 ay represent each element of the spread signal, wherein the
spread signal is obtained by spreading a signal using a plurality of spreading codes, wherein the
plurality of spreading codes have a spreading factor of 4, wherein the multiplexed signal
transmitted via the first antenna set and the multiplexed signal transmitted via the second antenna

set are separated by a plurality of subcarriers from each other in a frequency domain.

[0013b] In a third aspect, the present invention provides a transmitting end used in a mobile
communication system, the transmitting end comprising means for spreading a signal using a
plurality of spreading codes, wherein the plurality of spreading codes have a spreading factor of
4; means for coding the spread signal for multiple antenna transmission; means for multiplexing
the coded spread signal by code division multiplexing per each antenna; means for transmitting
the multiplexed signal via four neighboring frequency resources of one OFDM symbol of a first
antenna set consisting of two antennas; and means for transmitting the same multiplexed signal
via four neighboring frequency resources of one OFDM symbol of a second antenna set
consisting of two antennas, wherein the multiplexed signal transmitted via the first antenna set
and the multiplexed signal transmitted via the second antenna set are separated by a plurality of
subcarriers from each other in a frequency domain, wherein the spread signal is coded between

the two antennas in the first antenna set and the second antenna set as shown in Table 1:

Table 1

neighboring frequency resources in one
OFDM symbol

antenna A | fifa) | fol@)  |filay | fofay)

antenna B | fi(@) | fo(ar) | fi(ay | fufas)

4d

-10-
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wherein the antennas A and B represent the two antennas in each antenna set, fi(x) = x, fa(x) =x,

fitx) = - and fyx) = x",and a; to aq represent each element of the spread signal.

[0013c] In a fourth aspect, the present invention provides a receiving end used in a mobile

5 communication system, the receiving end comprising means for receiving multiplexed signal via
four neighboring frequency resources of one OFDM symbol, the multiplexed signal being
transmitted from a first antenna set consisting of two antennas of a transmitting end; and means
for receiving the same multiplexed signal via four neighboring frequency resources of one
OFDM symbol, the same multiplexed signal being transmitted from a second antenna set

10 consisting of two antennas of the transmitting end, wherein the multiplexed signal is obtained at
the transmitting end from a coded spread signal using code division multiplexing per each
antenna, wherein the coded spread signal is obtained at the transmitting end by coding a spread
signal between the two antennas in the first antenna set and the second antenna set as shown in
Table 1:

15 Table 1

neighboring frequency resources in one
OFDM symbol

antenma A | fifa) | foa) | fifa)) | fifay)

antenna B fla) | fila) filay) | fu(ay)

wherein the antennas A and B represent the two antennas in each antenna set, fi(x) = x,
fofx) =x, fix) = x and fyx) = x°, and a; 10 a, represent each element of the spread signal,
wherein the spread signal is obtained by spreading a signal using a plurality of spreading codes,

20 wherein the plurality of spreading codes have a spreading factor of 4, wherein the multiplexed

4e

-11-
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signal transmitted via the first antenna set and the multiplexed signal transmitted via the second

antenna set are separated by a plurality of subcarriers from each other in a frequency domain.

[0014] 1t is to be understood that both the foregoing general description and the following
detailed description of the present invention are exemplary and explanatory and are intended to

provide further explanation of the invention as claimed.

[0014a] As used herein, the term "comprise”" and variations of the term, such as "comprising”,
"comprises” and "comprised", are not intended to exclude other additives, components, integers

or steps.

BRIEF DESCRIPTION OF THE DRAWINGS

{0015] The accompanying drawings, which are included to provide a further understanding of
the invention and are incorporated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the description serve to explain the principles of
the invention. Features, elements, and aspects of the invention that are referenced by the same
numerals in different figures represent the same, equivalent, or similar features, elements, or

aspects in accordance with one or more embodiments .

[0016] FIG. 1 is a diagram illustrating an example of a method for applying an SFBC/FSTD

scheme in a communication system in accordance with one embodiment of the present invention.

[0017] FIG. 2 is a diagram illustrating an example of a method for applying an SFBC/FSTD
scheme to a spread signal in a communication system in accordance with one embodiment of the

present invention.

[0018] FIG. 3 is a diagram illustrating an example of a method for applying an SFBC/FSTD

scheme to a spread signal in a

-12-
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communication system in accordance with one embodiment of the
present invention.

[0019] FIG. 4 is a diagram illustrating another example of a
method for applying an SFBC/FSTD scheme to a spread signal in a
communication system in accordance with one embodiment of the
present invention.

[0020] FICG. 5 is a diagram illustrating an example of a
method for applying an SFBC/FSTD scheme to a spread signal in a
communication system in accordance with one embodiment of the
present invention.

[0021] FIG. & i= a diagram illustrating another example of a
method for applying an SFBC/FSTD scheme to a spread signal in a
communication system in accordance with one embodiment of the
present invention.

[0022] FIG. 7 is a diagram illustrating an example of a
method for transmitting a spread signal via a plurality of OFDM
symbols in accordance with one embodiment of the present
invention.

[0023] FIG. 8 is a diagram illustrating an example of a
method for transmitting a spread signal via a plurality of OFDM
symbols in accordance with one embodiment of the present
invention, in which an S8FBC/FSTD scheme is applied to the

spread signal.

13-
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[0024] FIG. 9 is a diagram illustrating an example of a
method for applying an SFBC/FSTD scheme to a spread signal in a
communication system in accordance with one embodiment of the
present invention,

[0025] FIG. 10 is a diagram illustrating another example of
a method for applying an SFBC/FSTD scheme to a spread signal in
a communication system in accordance with one embodiment of the
present invention.

[0026] FIG. 11 is a diagram illustrating another example of
a method for applying an SFBC/FSTD scheme to a spread signal in
a communication system in accordance with one embodiment of the
present invention.

[0027] FIG. 12 is a diagram illustrating another example of
a method for applying an SFBC/FSTD scheme to a spread signal in
a communication system in accordance with one embodiment of the
present invention.

[0028] FIG. 13 is a diagram illustrating an example of a
method for applying an SFBC/FSTD scheme to at least one spread
signal in a communication system in accordance with one

embodiment of the present invention.

-14-
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BEST MODE FOR CARRYING OUT THE INVENTION

[0029] The present invention relates to transmitting a
spread signal in a wireless communication system.

[0030] Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. It is to be
understood that the following detailed description of the
present invention is exemplary and explanatory and is intended
to provide further explanation of the invention as claimed.

The following detailled description includes details to provide
complete understanding of the present invention. Yet, it is
apparent to those skilled in the art that the present invention
can be embodied without those details. For instance,
predetermined terminologies are malnly used for the following
description, need not to be limited, and may have the same
meaning in case of being called arbitrary terminologies.

[0031] To avoid vagueness of the present invention, the
structures or devices known in public are omitted or depicted
as a block diagram and/or flowchart focused on core functions
of the structures or devices. Wherever pogsible, the same
reference numbers will be used throughout the drawings to refer

to the same or like parts.

-15-
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[0032] For the following embodiments, elements and features
of the present invention are combined in prescribed forms.

BEach of the elements or features should be considered as
selective unless there is separate and explicit mention. BRach
of the elements or features can be implemented without being
combined with others. And, it is able to coustruct an
embodiment of the present invention by combining partial
elements and/or features of the present invention. The order of
operations explained in the following embodiments of the
present invention can be changed. Some partial configurations
or features of a prescribed embodiment can be included in
another embodiment and/or may be replaced by corresponding
configurations or features of another embodiment.

[0033] In this disclosure, embodiments of the present
invention are described mainly with reference to data
transmitting and receiving relations between a base station and
a terminal. In this case, the base station has a meaning of a
terminal node of a network, which directly performs
communication with the terminal, In this disclosure, a
specific operation described as performed by a base station can
be carried out by an upper node of the base station. Namely,
it is understood that various operations carried out by a
network, which includes a plurality of network nodes including

a base station, for the communication with a terminal can be

-16-
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carried ocut by the base station or other network nodes except
the base station. "Base station" can be replaced by such a
terminology as a fixed station, Node B, eNode B (eNB), access
point and the like. and, "terminal" can be replaced by such a
terminology as UE (user equipment), MS (mobile station), MSS
(mobile subscriber station) and the like.

[0034] FIG. 1 is a diagram i1llustrating an example of a
method of applying an SFBC/FSTD scheme in a wireless
communication system, in accordance with one embodiment of the
present invention. In FIG. 1, a method for obtaining 4-degree
transmitting antenna diversity is implemented using a plurality
of transmitting antemmas, e.g., four downlink transmitting
antennas of a communication system. Here, two modulation
signals transmitted via twe adjacent subcarriers are
transmitted via a first antemna set including two antennas by
having space frequency block coding (SFBC) applied thereto.
Two SFBC-coded subcarrier sets are transmitted via two
different antenna sets each including two different antennas by
having frequency switching transwmit diversity (FSTD) applied
thereto. As a result, a transmitting antenna diversity degree
4 can be obtained.

[0035] Referring to FIG. 1, a single small box indicates a
single subcarrier transmitted via a single antenna. 7The

letters "a", "b", "c" and "d" represent modulation symbols

10
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modulated into signals differing from each other. Morecver,
functions £.(x), f;(x), f3(x) and f,(x) indicate random SFBC
functions that are applied to maintain orthogonality between
two signals. These functions can be represented as in Egquation
1.

[0036] [Equation 1}

fxy=% f)=x, f(x)=-x", fix)=x"

[0037] Despite two signals being simultaneously transmitted
via two antennas through the random SFBC function applied to
maintain orthogonality between the two signals, a receiving
side may be able to obtain an original signal by decoding each
of the two signals. In particular, FIG. 1 shows a structure
that SFBC and FSTD transmitted in downlink within a random time
unit is repeated. By applying a simple reception algorithm
that the same SFBC decoding and FSTD decoding are repeated in a
receiving side through the structure of SFBC and FSTD repeating
transmissions, decoding complexity is reduced and decoding
efficiency is raised.

[0038] In the example shown in FIG. 1, modulated symbol sets
(a, b), (¢, d), (e, f) and (g, h) become an SFBC-coded set,
respectively. FIG. 1 shows that subcarriers having SFBC/FSTD
applied thereto are consecutive. However, the subcarriers

having SFBC/FSTD applied thereto may not necessarily be

11
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consecutive in a frequency domain. For instance, a subcarrier
carrying a pilot signal can exist between SFBC/FSTD applied
subcarriers. Yet, two subcarriers constructing an SFBC coded
set are preferably adjacent to each other in a freguency domain
so that wireless channel environments covered by a single
antenna for two subcarriers can become similar to each other.
Hence, when SFBC decoding is performed by a receiving side, it
is able to minimize interference mutually affecting the two
signals.

[0039] In accordance with one embodiment of the present
invention, an SFBC/FSTD scheme may be applied to a spread
signal sequence. In a manner of spreading a single signal into
a plurality of subcarriers through (pseudo) orthogonal code in
a downlink transmission, a plurality of spread signals may be
transmitted by a code division multiplexing (CDM) scheme.

[0040] For example, when attempting to transmit different
signals "a" and "b", if the two signals are to be CDM-
transmitted by being spread by a spreading factor (SF) 2, the

signal a and the signal b are transformed into spread signal

sequences (a-c1y, @cx) and (b-c1z, bezg) using (pseudo) orthogonal
spreading codes of two chip lengths {ci:, ©z1) and (cia, Cs2),

respectively. The spread signal sequences are modulated by

adding aCyrt DOz g 8Cx 02 1y 1y subcarriers,

12
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respectively. Namely, acut.bor 5ng @ W2 pooope
modulated symbols, respectively. For clarity and convenience,
the spread signal sequence resulting from spreading the signal
a by SF=N is denoted as ai, az, .., ax.

[0041] PIG. 2 is a diagram illustrating an example of a
method of applying an SFBRC/FSTD scheme to a spread signal in a
communication system, in accordance with one embodiment of the
present invention. In order to decode a signal gpread over a
plurality of subcarriers by despreading in a receiving side, as
mentioned in the foregoing description, it is preferable that
each chip of a received spread signal sequence undergo a
similar wireless channel response. In FIG. 2, four different
signals a, b, ¢ and d are spread by SF=4 and the spread signals
are transmitted by SFBC/FSTD through four subcarriers explained
in the foregoing description of FIG. 1. Assuming that the
function explained for the example in Equation 1 is used as an
SFEC function, a received signal in each subcarrier can be
represented as in Equation 2.

[0042] [Eguation 2]

Subcarrier 1: Blathte+d) -kl +b +e+d)*
subcarrier 2: Ila, +by+ ey +d,) 4 hy(ay + b +e +d)*

Subcarrier 3: Al tbite +d)—lyla,+bi+c,+d,)"

Nz (@3+bs+03+ds) ~hy (a4 +0g+Ca+dy ) *
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Subcarrier 4: M@ +b+re+d) (e +b te td)*

h; (ag+be+cg+ds) +hy (aa+bstcs+ds) *

[0043] In Equation 2, h; indicates fading undergone by an i*"
antenna. Preferably, subcarriers of the same antenna undergo
the same fading. A noise component added to a receiving side
may be ignored. And, a single receiving antenna preferably
exists. In this case, spread sequences obtained by a receiving
side after completion of SFBC decoding and FSTD decoding can be
represented as in Equation 3.

[0044] [Equation 3]

. 0}‘1!2""]‘2'2 '(al +h o +d])l
M“%f'@+@+%+%l

@iﬂmﬁ{%+@+%+¢l
h,l +lh4l Aay+by+e,+d,)

[0045] Here, in order to separate the spread sequence
obtained by the receiving side from the signals b, c and d by
despreading with a (pseudo) orthogonal code corresponding to
the signal a for example, the wireless channel responses for
the four chips is preferably the same. However, as can be

cbserved from Equation 3, signals transmitted via different

2 2
antenna sets by FSTD are Gh‘l +V’2l) and 0}‘112"'|h4i2) and provide
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results through different wireless channel responses,
respectively. Thus, complete elimination of a different CDM-
multiplexed signal during dispreading is not performed.

[0046] Therefore, one embodiment of the present invention is
directed to a method of transmitting at least one spread signal
in a communication system, wherein each of at least one signal
is spread by (pseudo) orthogonal code or the like with a
spreading factor (SF), and wherein the at least one spread
signal is wmultiplexed by CDM and transmitted via the same
antenna set. FIG. 3 is a dlagram illustrating an example for a
method of applying an SFBC/FSID scheme to a spread signal in a
communication system in accordance with one embodiment of the
present invention. In the present embodiment, each of at least
one signal is spread by (pseudo) orthogonal code or the like
with SF=4. Furthermore, the at least one spread signal is
multiplexed and transmitted by CDM, and the multiplexed signals
are transmitted via the same antenna set.

[0047] 1In FIG. 3, when a total of four transmitting antennas
are used, a first antenna set includes a first antenna and a
second antenna. A second antenna set includes a third antenna
and a fourth antenna. In particular, each of the first and
second antenna sets is the antenna set for performing SFBC
coding, and an FSTD scheme is applicable between the two

antenna sets. According to the present embodiment, assuming
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that data to be transmitted is carried by a single OFDM symbol,
the signal spread with SF=4, as sghown in FIG. 3, can be
transmitted via four neighbor subcarriers of one OFDM symbol
via the same SFBC-coded antenna set.

[0048] In FIG. 3{(a), shown is a case where the spread signal
transmitted via the first antenna set is different from the
spread signal transmitted via the second antenna set. In FIG.
3(b), shown is a case where the spread signal transmitted via
the first antemnna set is repeatedly transmitted via the second
antenna set to obtain a 4-degree transmitting antenna diversity
gain.

[0049] FIG. 4 is a diagram illustrating another example for
a method of applying an SFBC/FSTD scheme to a spread signal in
a communication system in accordance with one embodiment of the
present invention. In the present embodiment, like the former
embodiment shown in FIG. 3, each of at least ome signal is
spread by (pseudo) orthogonal code or the like with SF=4. The
at least one spread signal is multiplexed and transmitted by
CDM, and the multiplexed signals are transmitted via the same
antenna set.

[0050] In FIG. 4, unlike FIG. 3, when a total of four
transmitting antennas are used, a first antenna set includes a
first antenna and a third antenna. A second antenna set

includes a second antenna and a fourth antenna. Namely,
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compared to FIG. 3, FIG. 4 shows a case of using a different
method for constructing each antenna set but applying the same
SFBC/FSTD scheme. Here, according to the present embodiment,
the signal spread with Sf=4 can be transmitted via four
neighbor subcarriers of one OFDM symbol via the same SFBC-caded
antenna set.

[0051] In FIG. 4{(a), shown is a case where the spread signal
transmitted via the first antenna set is different from the
spread signal transmitted via the second antemnna set. In FIG.
4(b), shown is a case where the spread signal transmitted via
the first antenna set is repeatedly transmitted via the second
antenna set to obtain a 4-degree transmitting antenna diversity
gain.

[0052] FIG. 5 is a diagram illustrating an example of a
method for applying an SFBC/FSTD scheme to a spread signal in a
communication system in accordance with an embodiment of the
present invention. Preferably, a same signal can be repeatedly
transmitted to obtain additicnmal diversity. Accordingly, the
present embodiment relates to a case where the same signal is
repeatedly transmitted at least twice via different subcarriers
on a frequency axis, i.e., for a period of the same time unit.

[0063] In the present embodiment, an antenna set is
determined as follows. First, after a signal has been spread

with SF=4, an antenna set is determined by a 4-subcarrier unit
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to enable the signal spread according to the aforesaid
embodiment to be transmitted via the same antemna set. In this
case, as mentioned in the foregoing description, the signal ig
repeatedly transmitted by changing an antenna set in case of
repetitive transmission to apply the SFBC/FSTD scheme for
obtaining 4-degree transmitting antenna diversity. According
to the present embodiment, an antenna-frequency mapping
structure, to which the SFBC/FSTD scheme for obtaining 4-degree
transmitting antenna diversity gain is applied, may be repeated
by an 8-subcarrier unit.

[0054] In FIG. 5(a), shown is an example where the
repetitive transmission method is applied to the embodiment
described with reference to FIG, 3. In FIG. 5(b), shown is an
example where the repetitive transmission method is applied to
the embodiment described with reference to FIG. 4. In
particular, FIG. 5(a) and FIG. 5(b) show examples for applying
the SFBC/FSTD scheme for obtaining 4-degree transmitting
antenna diversity gain using eight neighbor subcarriers,
respectively. BAlthough FIG. 5(a) and FIG. 5(b) differ from
each other with respect to the antennas included in the first
and second antenna sets, each use the same method in applying
the present embodiment.

[0055] In accordance with the present invention, a one-time

transmission may correspond to a case where a signal having
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been sprecad with SF=4 is CDM-multiplexed and then transmitted
via four subcarriers. Accordingly, assuming that one-time
transmission is performed via the first antenna set shown in
FIG. 5{a) or 5(b), a two-time transmission, which is the
repetitive transmission of the one-time transmission, can be
carried out via the second antenna set. Thus, it is observed
that the SFBC/FSTD scheme is implemented via the one-time
transmigsion and the two-time transmisgsion. In the same manner,
a three-time transmission may be carried out when the first
antenna set performs the transmission again.

[0056] FIG. 6 is a diagram illustrating another example for
a method of applying a SFBC/FSTD scheme to a spread signal in a
communication system in accordance with an embodiment of the
present invention. 1In FIG. 6, like the embodiment shown in FIG.
5, after a signal is spread with 8F=4, an antenna set is
determined by a 4-subcarrier unit to enable the signal spread
according to the aforesaid embodiment to be transmitted via the
same antenna set. In this case, as mentioned in the foregoing
description, the signal is repeatedly transmitted by changing
an antenna set in case of repetitive transmissicn to apply
S8FBC/FSTD for obtaining 4-degree transwmitting antenna diversity.

[0057] However, while the embodiments shown in FIG. 5 use
the SFBC/FSTD scheme through eight neighbor subcarriers, the

embodiment of FIG. 6 uses subcarriers having an interval
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compared to a previous transmission. Thus,‘frequency diversity
may be obtained in addition to 4-degree antenna diversity.
Notably, it 1s preferable that subcarriers through which a
spread signal sequence is wultiplexed and Lransmitted include
subcarriers that neighbor each other.

[0058] This may be explained as follows. First, a one-time
transmigsion may be performed using only four of eight
subcarriers to which the SFBC/FSTD scheme is applied in the
embodiment shown in FIG. 5 using a first antenna set.
Subsequently, the one-time transmission is performed using four
of eight subcarriers to which the SFBC/FSTD scheme is applied
using a second antenna set. Accordingly, in order to implement
the SFBC/PSTD scheme for obtaining 4-degree transmitting
antenna diversity, an antenna set different from that of a
previous transmission is used.

[0059] In FIG. 6(a), shown is an example where a repetitive
transmission method is applied to the embodiment described with
reference to FIG. 3. 1In FIG. 6(b), shown is an example where a
repetitive transmission method is applied to the embodiment
described with reference to FIG. 4. Although FIG. 6(a) and FIG,
6(b) differ from each other with respect to the antennas
included in the first and second antenna sets, each use the

same method in applying the present embodiment.
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[0060] Referring to FIG. &, compared to the method described
in FIG. 5, the embodiment of FIG. & may considerably save
regources required for the repetitive transmission by reducing
additionally used resources in half. Therefore, if the
repetitive transmission method according to FIG. 6 is applied,
resources used for data transmission are used more efficiently.

[0061] As described above, a method of applying an SFBC/FSTD
scheme for a single time unit according to an embodiment of the
present invention was explained. However, situations occur
where a signal may be transmitted using a plurality of time
units, wherein a single OFDM symbol may be preferably defined
ag a time unit in a communication system adopting orthogonal
frequency division multiplexing. Accordingly, in accoxdance
with an embodiment of the present invention, a method of
applying an SFBC/FSTD scheme to a case of transmitting a signal
using a plurality of OFDM syubols will be explained.

[0062] When a signal is transmitted via a plurality of OFDM
symbols, repetitive transmission on a time axis as well as a
frequency axis is possible to obtain diversiéy additional to
transmitting antenna diversity. Accordingly, CDBM and SFBC/FSTD
schemes may be applied to a spread signal for an ACK/NAK signal
transmitted in downlink to announce the successful/failed

reception of data transmitted in uplink.
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[0063] FIG. 7 is a diagram illustrating an example of a
method for transmitting a spread sigmal via a plurality of OFDM
symbols in accordance with one embodiment of the present
invention. Referring to FIG. 7, each small box indicates a
regource element (RE) constructed with a single OFDM symbol and
a single subcarrier. Ay may indicate an ACK/NAK signal
multiplexed by CDM, wherein viv indicates an index of a signal
spread and then multiplexed, and "j" indicates an ACK/NAK
channel index of the multiplexed ACK/NAK signal. In this case,
an ACK/NAK channel indicates a set of multiplexed ACK/NAK
signals. A plurality of ACK/NAK channels may exist agcording
to necessity and resource situation of cach system. However,
for clarity and convenience of description, a single ACK/NAK
channel exists in FIG. 7.

[0064] In FIG. 7(a), shown is an example where a multiplexed
ACK/NAK signal is transmitted via a single OFDM symbol.
Referring to FIG. 7(a), four ACK/NAK signals are spread by a
spreading factor equal to four (SF=4) for a single OFDM symbel,
multiplexed by CDM, and then transmitted via four neighbor
subcarriers. Because a single OFDM symbol is used for the
ACK/NAK signal transmission, diversity gain on a time axis may
not be obtained. However, four repetitive transmissions of the
ACK/NAK signal multiplexed by CDM may be carried out along a

frequency axis. Hence, the four-time repetitive transmission
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exemplifies repetition to obtain diversity. Notably., a
repetition count may vary according to a channel status and/or
a resource status of a system.

[0065] In FIG. 7(b), shown ig an example where a multiplexed
ACK/NAK signal is transmitted via a plurality of OFDM symbols.
Referring to FIG. 7(b), four ACK/NAK signals are spread by a
spreading factor SF=4 for two OFDM symbols each, multiplexed by
CDM, and then transmitted via four neighbor subcarriers.
Namely, in case that OFDM gymbols for ACK/NAK signal
transmission increase, the ACK/NAK signal may be repetitively
transmitted using a single OFDM symbol for the increased OFDM
symbols as it is. However, when the ACK/NAK signal is
repetitively transmitted for a second OFDM symbol, transmission
is performed te maximize use of subcarriers that are not
overlapped with former subcarriers used for the first OFDM
symbol. This is preferable considering a frequency diversity
effect.

[0066] 1In FIG. 7(b), shown is a case where the number of
ACK/NAK signals transmittable despite the increased number of
OFDM symbols is equal to the case where a single OFDM symbol is
used. Previously, an ACK/NAK signal was transmitted repeatedly
only on a frequency axis when using a single OFDM symbol.
However, in accordance with the present embodiment, more time-

freqguency resources may be used for transmitting the same
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number of ACK/NAK signals as in the single OFDM symbol case by
substantially incrementing the repetition count of time-
frequency. Here, because OFDM symbols used for the ACK/NAK
transmission are increased, wore signal power used for the
ACK/NAK transmission can be allocated. Hence, the ACK/NAK
signal may be transmitted to a cell having a wider area.

[0067] 1In FIG. 7(c), shown is another example where
multiplexed ACK/NAK signals are transmitted via a plurality of
OFDM symbols. Referring to FIG. 7{(c), when the number of OFDM
symbols for ACK/NAK signal transmission is set at 2, the
transmission may be carried out by reducing the frequency-axis
repetition count of the ACK/NAK signal multiplexed by CDM.
Thus, by decreasing the repetition count to facilitate
transmission when the number of OFDM symbols is set at 2,
resources are efficiently utilized.

[0068] Compared with the transmission method shown in FIG.
7(b), four time-frequency axis transmission repetitions of the
ACK/NAK signal are reduced to two transmission repetitions in
FIG. 7(c). However, because the number of OFDM symbols used
for the ACK/NAK signal transmission ig incremented, the
transmission method shown in FIG. 7(c) is similar to the wmethod
shown in FIG. 7(a), where a single OFDM symbol is used, because
four time-frequency resoﬁrce areas are available in both the

methods shown in FIGS. 7(a) and 7(c).

24

-31-




WO 2008/153331 PCT/KR2008/003291

f0069] Furthermore, compeared to the transmission method
shown in FIG. 7(b), the method shown in FIG. 7(c¢) may reduce
the signal power for ACK/NAK channel transmission because the
number of time-fregquency resource areas used for a single
ACK/NAK channel transmigsion is reduced. Moreover, because the
ACK/NAK channel is transmitted across the time-frequency areas,
per-symbol transmission power allocation may be performed more
efficiently than transmission over a single OFDM symbol only.

[0070] In case that ACK/NAK signals are repetitively
transmitted in the same structure for all OFDM gymbols to
simplify a system's scheduling operation, such as when the
time-frequency resources shown in FIG. 7(b) are used for
example, different ACK/NAK channels may be transmitted. In
particular, because double ACK/NAK channels are transmittable,
more efficient resource use is achieved.

[0071} As described above, a spreading factor for
multiplexing a plurality of ACK/NAK signals, a repetition count
in time-frequency domain and the number of OFDM symbols for
ACK/NAK signal transmission, which are explained with reference
te FIG. 7, are exemplarily provided for a more accurate
description of the present inventien. It is understood that
different spreading factors, different repetition counts and
various OFDM symbol numbers are applicable to the present

invention. Moreover, the embodiments shown in FIG. 7 wmay
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relate to using a single transmitting antenna that does not use
transmitting antenna diversity, but may also be applicable to a
2-transmiting antenna diversity method, 4-transmiting antenna
diversity method, and the like.

[0072] FIG. 8 is & diagram illustrating an example of a
method for transmitting épread signals via a plurality of OFDM
symbols in accordance with one embodiment of the present
invention, in which an SFBC/FSTD scheme is applied to the
spread signal. Referring to FIG. §, a 4-degree transmitting
antenna diversity method using a total of four transmitting
antennas is implemented. Here, a single ACK/NAK channel exists
for clarity and convenience of description.

[0073] In FIG. 8(a), an SFBC/FSTD scheme is applied to a
spread signal using four tyansmitting antennas, and the signal
is transmitted for a plurality of OFDM gymbols. Furthermore,
four ACK/NAK signals are spread with a spreading factor SF=4
for each of two OFDM symbols, multiplexed by CDM, and then
transmitted via four neighbor subcarriers. Preferably, when
OFDM symbols for ACK/NAK signal transmission increase, the
ACK/NAK signal way be repetitively transmitted using a single
OFDM symbol for the increased OFDM sywbols as it is. Notably,
this process is similar to the process described with reference

to FIG. 7(b).
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[0074] However, when a repetitive transmission is performed
for a second OFDM symbol, it is carried out using an antenna
set different from an antenna set used Zor a first OFDM symbol.
Tor example, if a transmission for a first OFDM sywbol is
performed using a first antenna set including a first antenna
and a third antenna, a transmission for a second OFDM symbol
can be performed using a second antenna set including a second
antenna and a fourth antenna. Accordingly, the transmissicn
for the second OFDM symbol is carried out by maximizing use of
aubcarriers not overlapped with former subcarriers used for the
first OFDM symbol. This is preferable to achieve a frequency
diversity effect.

[0076] in FIG. 8(Db), shown is another example of applying an
SFBC/FSTD scheme to a spread signal using four transmitting
antennas and transmitting the signal for a plurality of OFDM
symbols in accordance with one embodiment of the present
invention. Referring to FIG. g (b), when the number of OFDM
gymbols for ACK/NAK signal transmission is set to 2, the signal
may be transmitted by reducing a frequency-axis repetition
count of the ACK/NAK signal multiplexed by CDM. ANotably, this
process is similar to the method described with reference to
FIG. 7(c). However, when repetitive transmigsion is carried

out for a second OFDM symbol, the transmission will be
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performed using an antenna set different from the antenna set
used for the first OFDM symbol.

[00768] FIG. ¢ is a diagram illustrating an example for a
method of applying an SFBC/FSTD scheme to a spread signal in a
communication system in accordance with one embodiment of the
present invention. Referring tb FIG. 9, when a total of four
transmitting aﬁtennas are used, a first antenna set includes a
first antenna and second antenna, and a second antenna set
includes a third antenna and fourth antenna. preferably, each
of the first and second antenna sets is an antenna set for
performing SFBC coding and an FSTD scheme applicable between
the two antenna sets. According to the present embodiment, if
data is transmitted for a single OFDM symbol, the signal spread
with SF=2, as shown in FIG. 9, can be transmitted via two
neighbor subcarriers of one OFDM symbol via the same SFBC-coded
antenna set.

[0077] In FIG. 9(a), shown is a case where the spread signal
transmitted via the first antenna set is different from the
spread signal transmitted via the second antenna set. In FIG.
9(b), shown is a case where the spread signal transmitted via
the first antenna set is repeatedly transmitted via the second
anterma set to obtain a 4-degree transmitting antenma diversity

gain.
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[0078] Accordingly, with regard to FIG. 9, a single signal
may be spread with SF=2. Thus, the same structure as applying
an SFBC/FSTD scheme by 4-subcarrier unit for a CDM-multiplexed
signal way be used, but without considering spreading as in FIG.
1.

[0079] FIG. 10 is a diagram for illustrating another example
of a method for applying an SFBC/FSTD scheme to spread signals
in a communication system in accordance with one embodiment of
the present invention. In the embodiment shown in FIG. 10,
like the former embodiment shown in FIG. 9, at least one or
more signals are spread by (pseudo) orthogonal code or the like
with SF=2. The at least one or more spread signals are also
multiplexed and transwuitted by CDM. Here, the multiplexed
gignals are transmitted via the same antenna set.

[0080] In FIG. 10, unlike FIG. 9, when a total of four
transmitting antennas are used, a first antenna set includes a
first antenna and third antenna, and a second antenna set
includes a second antenna and fourth antenna. Thus, compared
to FIG. 9, FIG. 10 illustrates use of a different method for
constructing each antenna set but applies the same SFBC/FSTD
scheme. In accordance with the present embodiment, the signal
spread with SF=2 may be transmitted via two neighbor
subcarriers of one OFDM symbol via the same SFBC-coded antenna

set.
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[0081] In FIG. 10(a), shown is a case where the spread
signal transmitted via the first antenna set ig different from
the spread signal transmitted via the second antenna set. 1In
FIG. 10(b), shown is a case where the spread signal transmitted
via the First antenna set is repeatedly transmitted via the
second antenna set to obtain a 4-degree transmitting antenna
diversity gain.

[0082] Accordingly, with regard to FIG. 10, a single signal
may be spread by SF=2. Thus, the same structure as applying
SFBC/FSTD by 4-subcarrier unit for a cDM-multiplexed signal may
be used without considering spreading as in FIG. 1.

[0083] FIG. 11 is a diagram illustrating another example of
a method for applying an SFBC/FSTD scheme to spread signals in
a communication system in accordance with one embodiment of the
present invention. In accordance with the present invention, a
same signal can be repeatedly transmitted to obtain additional
diversity. In particular, the same signal may be repeatedly
transmitted at least once via different subcarriers on a
frequency axis, i.e., for a period of the same time unit.

[0084] Referring to FIG. 11, an antenna set is determined as
follows in accordance with the present invention. After a
signal has been spread with SF=2, a plurality of the spread
signals are multiplexed. &An antenna set is then determined by

2-subcarrier unit to enable the spread signal to be transmitted
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via the same antenna set. In this case, the signal is
repeatedly transmitted by changing an antenna get in case of
repetitive transmission to apply the SFBC/FSTD scheme for
obtaining the 4-degree transmitting antenna diversity.
Accordingly, an antenna-frequency mapping structure, to which
the SFBC/FSTD scheme for obtaining 4-degree transmitting
antenna diversity gain is appliesd, is repeated by 4-gubcarrier
unit.

f0085] In FIG. 11(a), shown is an example where the
repetitive transmission method is applied to the embodiment
described with reference to FIG. 9. In FIG. 11(b), shown is an
example where the repetitive transmission method is applied to
the embodiment described with reference to FIG. 10. In
particular, FIG. 11(a) and FIG. 11(b) illustrate examples for
applying the SFBC/FSTD scheme using four neighbor subcarriers,
respectively. Notably, FIGS. 11(a) and 11(b) differ from each
other with respect to the antennas included in the first and
second antenna sets, but use the same method in applying the
described embodiment.

[008B6] FIG. 12 is a diagram illustrating another example of
a method for applying an SFBC/FSTD scheme to spread signals in
a communication system in accordance with one embodiment of the
present invention. In FIG. 12, like the embodiment shown in

FIG. 11, after a plurality of signals spread with SF=2 have
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been multiplexed, an antemna set is determined by 2-subcarier
unit to enable the spread signals to be transmitted via the
same antenna set. Here, the signal may be repeatedly
transmitted by changing an antenna set in case of repetitive
transmission to apply the SFBC/FSTD scheme for obtaining the 4-
degree transmitting antenna diversity.

[0087] However, unliks the embodiment shown in FIG. 11
wherein the SFBC/FSTD scheme is applied through the four
neighbor subcarriers, the embodiment of FIG. 12 uses a
subcarrier having a prescribed interval by comparing a
subcarrier used for repetitive transmission to that of a
previous transmission. Notably, it is preferable that
subcarriers through which a spread signal sequence is
multiplexed and transmitted include subcarriers that neighbor
each other.

[0088] 1In FIG. 12(a), shown is an example where a repetitive
transmission method is applied to the embodiment described with
reference to FIG. 9. In FIG. 12(b), shown is an example where
a repetitive transmission method is applied to the embodiment
described with reference to FIG. 10. Notably, FIGS. 12 (a) and
12 (b) differ from each other with respect to the antennas
included in the first and second antenna sets but use the same

method in applying the described embodiment.

32

-39-




WO 2008/153331 PCT/KR2008/003291

[0089] Accordingly, the embodiment of FIG. 12 may be
described as follows. First, a one-time transmission ig first
performed using two of four subcarriers to which an SFBC/FSTD
scheme is applied. The one-time transmission ig then carried
out using two of four subcarriers to which a next SFBC/FSTD
scheme is applied. In this case, an antenna set different from
that of a previous transmission is used to implement the
SFBC/FSTD scheme.

[0090] FIG. 13 is a diagram illustrating an example of a
method for applying an SFBC/FSTD scheme to at least one spread
signal in a communication system in accordance with one
embodiment of the present invention. Preferably, if an
antenna-freguency mapping structure according to the SFBC/FSTD
transmission scheme shown in FIG. 1 is maintained collectively
for each OFDM symbol or subframe on a system, then the rest of
an SFBC antenna set unused in the SFBC/FSTD scheme of FIG. 12
may be uged for another data transmission.

[0091] Referring to FIG. 13, the same antenna- frequency
mapping structure in the SFBC/FSTD scheme for obtaining 4-
degree transmitting antenna diversity gain by the 4-subcarrier
unit (described with reference to FIG. 1) is used. Accordingly,
two different multiplexed signals way be transmitted using this

structure. Here, each of the multiplexed signals is a
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multiplexed signal spread by SF=2, and can be transmitted
through two subcarriers.

[0092] As applied, in the SFBC/FSTD transmission scheme for
transmitting a random multiplexed signal generated from
multiplexing a plurality of spread data signals, a second
antenna set other than a first antenna set to be SFBC-coded can
be used to transmit another multiplexed signal. Moreover, by
repeatedly transmitting the multiplexed signals via the first
and second antenna sets, the multiplexed signals may
respectively be transmitted through the different antenna sete.
Hence, a 4-degree transmitting antenna diversity effect may be
obtained.

[0093] For example, a first multiplexed signal is
transmitted via first antenna set and a second multiplexed
signal is transmitted via second antenna set. In case of a
repetitive transmission, mapping between a multiplexed signal
and an antenna is changed. Accordingly, the second multiplexed
signal will be tramsmitted via the first antenna set, while the
first multiplexed signal is transmitted via the second antenna
set. In case of a next repetitive transmission, the mapping
between the multiplexed signal and the antenna is changed again
to perform the corresponding transmission. Thus, the first
multiplexed signal will again be transmitted via first antenna

set and the second multiplexed signal will again be transmitted
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via gecond antenna set. Accordingly, if transmission is
performed in the above-mentioned manner, resources are
efficiently used. Moreover, the antenna-frequency mapping
structure in the SFBC/FSTD scheme described with reference to
FIG. 1 will be maintained.

[0094] In the example above, the signal spread by SF=2 is
transmitted via a single OFDM symbol only. If so, repetition
on a frequency axis is possible to obtain additional frequency
diversity. However, using a single OFDM symbol is merely
exemplary for illustrating the present invention. As mentioned
in the foregoing description of SF=4, the present embodiment is
applicable to a case of using several OFDM symbols.

[0095] When transmitting via several OFDM symbols,
repetition on a time axis as well as a frequency axig is
applicable to obtain diversity in addition to transmitting
antenna diversity. The above embodiments are provided to
explain applications of the present invention and are also
applicable to a system using an SFBC/FSTD transmission
diversity method regardless of various spreading factors (8F) ,
various OFDM symbols numbers and repetition counts on time and
freguency axes.

[0096] Embodiments of the present invention can be
implemented by various means, e.g., hardware, firmware,

software, and any combination thereof. In case of the
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implementation by hardware, a method of transmitting a spread
signal in a communication system according to one embodiment of
the present invention can be implemented by at least one of
application specific integrated circuits (ASICs), digital
signal processors (DSPs), digital signal processing devices
(DSPDs) , programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), a processor, a controller, a
microcontroller, a microprocessor, etc.

[0097] In case of implementation by firmware or software, a
method of transmitting a spread signal in a communication
system according to cone embodiment of the present invention can
be implemented by a module, procedure, function and the like
capable of performing the above mentioned functions or
operations. Software code is stored in a memory unit and can
be driven by & processor. The memory unit is provided within
or outside the processor to exchange data with the processor by
various means known in public.

[0098] The foregoing embodiments and advantages are merely
exemplary and are not to be construed as limiting the present
invention. The present teaching can be readily applied to
other types of apparatuses. The description of the present
invention is intended to be illustrative, and not to limit the
scope of the claims. Many alternatives, modifications, and

variations will be apparent to thoss skilled in the art. In
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the claime, means-plus-function clauses are intended to cover
the structure describad herein as performing the recited
function and not only structural equivalents but also

equivalent structures.

INDUSTRIAL APPLICABILITY

The present invention can be applied to a mobile

communication system which uses multiple carriers.
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CLAIMS

1. A method for transmitting a spread signal in a mobile communication system, the method

comprising:

spreading a signal using a plurality of spreading codes, wherein the plurality of spreading

codes have a spreading factor of 4;

coding the spread signal for multiple transmission,;

multiplexing the coded spread signal by code division multiplexing per each antenna;

transmitting the multiplexed signal via four neighboring frequency resources of one

OFDM symbol of a first antenna set consisting of two antennas; and

transmitting the same multiplexed signal via four neighboring frequency resources of one

OFDM symbol of a second antenna set consisting of two antennas,

wherein the multiplexed signal transmitted via the first antenna set and the multiplexed
signal transmitted via the second antenna set are separated by a plurality of subcarriers from each

other in a frequency domain,

wherein the spread signal is coded between the two antennas in the first antenna set and

the second antenna set as shown in Table 1:

Table 1

neighboring frequency resources in one
OFDM symbol

antenna A | fi(ay) Sfrfaz) fitaz) fray

antenna B | fifay) | folar) | fiay) | Sfofas)
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wherein the antennas A and B represent the two antennas in each antenna set, f;(x) = x,

folx) =x, f3(x) = x and folx) = x,and a; to ay represent each element of the spread signal.

2. .The method of claim 1, wherein the multiplexed signal transmitted via the first antenna
set and the multiplexed signal transmitted via the second antenna set are transmitted via

respectively different OFDM symbols.

3. The method of claim 1, wherein the multiplexed signal is transmitted alternately by the

first antenna set and second antenna set via independent frequency resources repeatedly.

4. The method of claim 3, wherein the multiplexed signal is transmitted a total of 3 times

using the first antenna set and second antenna set alternately.

5. The method of claim 1, wherein the first antenna set comprises a first antenna and a

second antenna of a four- antenna group.

6. The method of claim 5, wherein the second antenna set comprises a third antenna and a

fourth antenna of the four-antenna group.

7. The method of claim 1, wherein the first antenna set comprises a first antenna and a third

antenna of a four- antenna group .

8. The method of claim 7, wherein the second antenna set comprises a second antenna and a

fourth antenna of the four-antenna group.

9. The method of claim 1, wherein the spread signal is an ACK/NACK signal for indicating

whether uplink data is successfully received or not.

10. A method for receiving a spread signal in a mobile communication system, the method

comprising:
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receiving multiplexed signal via four neighboring frequency resources of one OFDM symbol, the
multiplexed signal being transmitted from a first antenna set consisting of two antennas of a

transmitting end; and

receiving the same multiplexed signal via four neighboring frequency resources of one
OFDM symbol, the same multiplexed signal being transmitted from a second antenna set

consisting of two antennas of the transmitting end,

wherein the multiplexed signal is obtained at the transmitting end from a coded spread

signal using code division multiplexing per each antenna,

wherein the coded spread signal is obtained at the transmitting end by coding a spread
signal between the two antennas in the first antenna set and the second antenna set as shown in

Table 1:

Table 1

neighboring frequency resources in one

OFDM symbol

antenna A | fi(@) | fl@) | fiay) | fofay)

antennaB | fi(ay) fd@) | fiay | fulay

wherein the antennas A and B represent the two antennas in each antenna set, fj(x) = x,

15 fofx) =x fax) = -x and fyfx) = x,anda;10a, represent each element of the spread signal,

wherein the spread signal is obtained by spreading a signal using a plurality of spreading

codes, wherein the plurality of spreading codes have a spreading factor of 4,
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wherein the multiplexed signal transmitted via the first antenna set and the multiplexed signal
transmitted via the second antenna set are separated by a plurality of subcarriers from each other

in a frequency domain.
11.  The method of claim 10, wherein the multiplexed signal transmitted via the first antenna
set and the multiplexed signal transmitted via the second antenna set are transmitted via

respectively different OFDM symbols.

12.  The method of claim 10, wherein the multiplexed signal is transmitted alternately by the

first antenna set and second antenna set via independent frequency resources repeatedly.

13.  The method of claim 12, wherein the multiplexed signal is transmitted a total of 3 times

using the first antenna set and second antenna set alternately.

14.  The method of claim 10, wherein the first antenna set comprises a first antenna and a

second antenna of a four-antenna group.

15.  The method of claim 14, wherein the second antenna set comprises a third antenna and a

fourth antenna of the four-antenna group.

16.  The method of claim 10, wherein the first antenna set comprises a first antenna and a

third antenna of a four-antenna group.

17.  The method of claim 16, wherein the second antenna set comprises a second antenna and

a fourth antenna of the four-antenna group.

18.  The method of claim 10, wherein the spread signal is ACK/NACK signal for indicating

whether uplink data is successfully received or not.

19. A transmitting end used in a mobile communication system, the transmitting end

comprising:
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means for spreading a signal using a plurality of spreading codes, wherein the plurality of

spreading codes have a spreading factor of 4;

means for coding the spread signal for multiple antenna transmission;

means for multiplexing the coded spread signal by code division multiplexing per each

antenna;

means for transmitting the multiplexed signal via four neighboring frequency resources of

one OFDM symbol of a first antenna set consisting of two antennas; and

means for transmitting the same multiplexed signal via four neighboring frequency

resources of one OFDM symbol of a second antenna set consisting of two antennas,

wherein the multiplexed signal transmitted via the first antenna set and the multiplexed
signal transmitted via the second antenna set are separated by a plurality of subcarriers from each

other in a frequency domain,

wherein the spread signal is coded between the two antennas in the first antenna set and

the second antenna set as shown in Table 1:

Table 1

neighboring frequency resources in one
OFDM symbol

antenna A | fi(ay) | fal@)  |fias) | fAa)

antennaB | fia) | fula) | fifa) | fulas)

wherein the antennas A and B represent the two antennas in each antenna set, fi(x) = x,

fox) =x, f3(x) = x and fy(x) = x , and a; to a, Tepresent each element of the spread signal.
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20.  The transmitting end of claim 19, wherein the multiplexed signal transmitted via the first
antenna set and the multiplexed signal transmitted via the second antenna set are transmitted via

respectively different OFDM symbols.

21. A receiving end used in a mobile communication system, the receiving end comprising:
means for receiving multiplexed signal via four neighboring frequency resources of one
OFDM symbol, the multiplexed signal being transmitted from a first antenna set consisting of

two antennas of a transmitting end; and

means for receiving the same multiplexed signal via four neighboring frequency
resources of one OFDM symbol, the same multiplexed signal being transmitted from a second

antenna set consisting of two antennas of the transmitting end,

wherein the multiplexed signal is obtained at the transmitting end from a coded spread

signal using code division multiplexing per each antenna,

wherein the coded spread signal is obtained at the transmitting end by coding a spread
signal between the two antennas in the first antenna set and the second antenna set as shown in

Table 1:

Table 1

neighboring frequency resources in one
OFDM symbol

antenna A | fifa) | fofa) | fifay | fofay)

antenna B | f3(ay) Sfi(ay) Jilay) Jfofaz)

wherein the antennas A and B represent the two antennas in each antenna set, f;(x) = x,

fox) =x, f5(x) = =" and Jelx) = x",and a; 1o aq represent each element of the spread signal,
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wherein the spread signal is obtained by spreading a signal using a plurality of spreading

codes, wherein the plurality of spreading codes have a spreading factor of 4,

wherein the multiplexed signal transmitted via the first antenna set and the multiplexed
signal transmitted via the second antenna set are separated by a plurality of subcarriers from each

other in a frequency domain.

22.  The receiving end of claim 21, wherein the multiplexed signal transmitted via the first
antenna set and the multiplexed signal transmitted via the second antenna set are transmitted via

respectively different OFDM symbols.
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