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Description

Apparatus and Method for Estimating Channel in OFDM/OFDMA

[1]

(2]

3]

[4]

(9]

based Wireless Communication System

Technical Field

The present invention relates to an apparatus and method for estimating achannel in
awireless communication system and, more particularly, to an apparatus and method
for estimating achannel in aMultiple Input Multiple Output (MIMO) wireless com-
munication system in which I[EEE 802.16d/e, WiBro, and WiMAX standard speci-
fications are used and Orthogonal Fregquency Division Multiplexing (OFDM) or
Orthogonal Frequency Division Multiplexing Access (OFDMA) is supported.

Background Art

Mobile wireless channel environment includes a multi-path characteristic between a
base station and a mobile station due to radio wave obstacles, which are distributed all
around and have various sizes and materials, and also has atime-variable characteristic
of areceived signa since the mobile station or radio wave obstacles are moved.

A multi-path between the base station and the mobile station has paths of different
lengths, and has adelay spread characteristic in which areceived signal islengthily
extended. A wireless packet channel has time selective fading where achannel is
varied according to time due to this characteristic and frequency selective fading
having frequency components of different sizes and phases due to delay reception
through multiple paths having avariety of lengths, resulting in the distortion of a
transmission signal.

These channel characteristics have different sizes and phases according to time and
path. In order to obtain an original transmission signal from areceived signal, channel
state information of the transmission signal, which isrelated to the signal distortion,
needs to be known. Aswell known to those having ordinary skill in the art, atraining
symbol that ispreviousy defined between atransmitter and areceiver isnecessary in
order to estimate achannel in amobile station. In particular, training symbols that can
be used in the downlink of systems to which the IEEE 802. 16e standard is applied, or a
Wibro system of the systems include apreamble and apilot.

The preamble istransmitted through afirst OFDMA symbol of the entire downlink
frame, and the pilot istransmitted through the entire OFDMA symbols of a downlink
frame except for the preamble. Therefore, in a communication mobile station, a
channel has to be estimated by employing the preamble and/or the pilot, and an
original transmission signal has to be acquired from areceived signa by employing the
estimated channel.
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Disclosure of Invention

Technical Problem

Accordingly, the present invention has been made to fulfill the above needs, and an
object of the present invention isto provide an apparatus and method for estimating a
channel in aMIMO wireless communication system supporting OFDM or OFDMA.

Another object of the present invention isto provide an apparatus and method for
estimating achannel by employing apilot channel estimation value of adownlink
Partial Usage of Sub-Channels (PUSC) mode included in received signals received by
aplurality of receiving antennas.

A further object of the present invention isto provide an apparatus and method for
estimating achannel by employing apreamble channel estimation value and pilot
channel estimation values of pilots transmitted from aplurality of transmitting
antennas.

Y et another object of the present invention isto provide an apparatus and method
for estimating achannel through interpolation of apreamble channel estimation value
and apilot channel estimation value.

Still another object of the present invention isto provide an apparatus and method
for estimating achannel by carrying out an operation on achannel, which is estimated
through interpolation of pilot channel estimation values, and apreamble channel
estimation value and then employing the operation result.

Still another object of the present invention isto provide an apparatus and method
for estimating achannel by employing the pattern of pilots in awireless com-
munication system supporting OFDM or OFDMA.

Still another object of the present invention isto provide achannel estimation
apparatus and method, wherein aweight value according to the pattern of pilots is
previously determined off-line inaMIMO wireless communication system supporting
OFDM or OFDMA, thus reducing complexity when areceiving system estimate a
channel.

Technical Solution

For the above objects, achannel estimation apparatus in aMIMO wireless com-
munication system supporting OFDM or OFDMA according to an aspect of the present
invention includes afirst channel operation unit for carrying out an operation on pilot
channel estimation values of pilots, which are transmitted from atransmitting antenna
that transmits apreamble, as an improved pilot channel estimation value with respect
to each of aplurality of receiving antennas by employing apreamble channel
estimation value based on the preamble included in received signals received by the
plurality of receiving antennas, respectively; afirst channel estimation unit for
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estimating achannel for each of the receiving antennas through interpolation of a
symbol axis and afrequency axis employing the improved pilot channel estimation
value; and a second channel estimation unit for estimating a channel for each of the
receiving antennas through interpolation of asymbol axis and afrequency axis
employing pilot channel estimation values of pilots transmitted from the same
transmitting antenna, of pilots transmitted from atransmitting antenna that does not
transmit the preamble, of aplurality of transmitting antennas.

A channel estimation apparatus in aMIMO wireless communication system
supporting OFDM or OFDMA according to an aspect of the present invention includes
afirst channel estimation unit for estimating a channel for each of aplurality of
receiving antennas through interpolation of asymbol axis and afrequency axis
employing pilot channel estimation values of pilots transmitted from atransmitting
antenna, which transmits apreamble included in recelved signals received by the
respective receiving antennas; afirst channel operation unit for estimating an improved
channel with respect to each of the receiving antennas through operation of the
estimated channel estimation value and apreamble channel estimation value of the
preamble; and a second channel estimation unit for estimating achannel for each of the
receiving antennas through interpolation of asymbol axis and afrequency axis
employing pilot channel estimation values of pilots transmitted from the same
transmitting antenna, of pilots transmitted from atransmitting antenna that does not
transmit the preamble, of aplurality of transmitting antennas.

A channel estimation apparatus in aMIMO wireless communication system
supporting OFDM or OFDMA according to an aspect of the present invention includes
asymbol index channel estimation unit for estimating achannel of a symbol axis with
respect to each of aplurality of receiving antennas through interpolation of a symbol
axis employing pilot channel estimation values of pilots transmitted from the same
transmitting antenna, of pilots transmitted from aplurality of transmitting antennas;
and afrequency axis channel estimation unit for estimating a channel of afrequency
axis with respect to each of the receiving antennas through interpolation of the
frequency axis employing the channel estimation value estimated as the symbol axis
with respect to each of the receiving antennas.

A channel estimation apparatus in aMIMO wireless communication system
supporting OFDM or OFDMA according to an aspect of the present invention includes
afirst channel operation unit for carrying out an operation on pilot channel estimation
values of pilots as improved pilot channel estimation values by employing apreamble
channel estimation value of apreamble, of the preamble and the pilots included in a
first received signal received from afirst transmitting antenna through afirst receiving
antenna; afirst channel estimation unit for estimating a channel with respect to the first
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received signal through interpolation of a symbol axis and afrequency axis employing
the improved pilot channel estimation value; and a second channel estimation unit for
estimating a channel with respect to a second received signal, received from a second
transmitting antenna through the first receiving antenna, through interpolation of a
symbol axis and afrequency axis employing pilot channel estimation values based on
pilots included in the second received signal.

A channel estimation apparatus in aMIMO wireless communication system
supporting OFDM or OFDMA according to an aspect of the present invention includes
afirst channel estimation unit for estimating a channel with respect to afirst received
signal, received from afirst transmitting antenna through afirst receiving antenna,
through interpolation of a symbol axis and afrequency axis employing pilot channel
estimation values of pilots, of apreamble and the pilots included in the first received
signal; afirst channel operation unit for estimating an improved channel with respect
to the first received signal through operation of the estimated channel estimation value
and apreamble channel estimation value of the preamble; and a second channel
estimation unit for estimating a channel with respect to a second received signal,
received from asecond transmitting antenna through the first receiving antenna,
through interpolation of a symbol axis and afrequency axis employing apilot channel
estimation value based on pilots included in the second received signal.

A channel estimation apparatus in aMIMO wireless communication system
supporting OFDM or OFDMA according to an aspect of the present invention includes
first and second symbol axis channel estimation units for estimating channels of a
symbol axis with respect to first and second received signals, respectively, which are
received through afirst recelving antenna, through interpolation of the symbol axis
employing apilot channel estimation value based on pilots included in the first and
second received signals; and first and second frequency axis channel estimation units
for estimating channels of afrequency axis with respect to the first and second
received signals through interpolation of the frequency axis employing the channel
estimation values of the symbol axis of the first and second received signals.

A channel estimation apparatus in aMIMO wireless communication system
supporting OFDM or OFDMA according to an aspect of the present invention includes
aTO estimation unit for estimating time offset using areceived signal; aTO com-
pensation unit for compensating for phase error using the estimated time offset; a
weight value storage unit configured to store predetermined calculated weight values;
and at least one channel estimation unit for estimating achannel of the received signal
by employing the product of pilot channel estimation values, with respect to the
received signal whose time offset has been compensated for, and the weight values.

A channél estimation method in aMIMO wireless communication system
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supporting OFDM or OFDMA according b an aspect of the present invention includes
the steps of carrying out an operation on pilot channel estimation values of pilots,
which are transmitted from atransmitting antenna that transmits a preamble, as an
improved pilot channel estimation value with respect to each of aplurality of receiving
antennas by employing apreamble channel estimation value based on the preamble
included in received signals received by the plurality of receiving antennas, re-
spectively; estimating achannel for each of the receiving antennas through in-
terpolation of a symbol axis and afrequency axis employing the improved pilot
channel estimation value; and estimating a channel for each of the receiving antennas
through interpolation of a symbol axis and afrequency axis employing pilot channel
estimation values of pilots transmitted from the same transmitting antenna, of pilots
transmitted from atransmitting antenna that does not transmit the preamble, of a
plurality of transmitting antennas.

A channel estimation method in aMIMO wireless communication system
supporting OFDM or OFDMA according to an aspect of the present invention includes
the steps of estimating achannel for each of aplurality of receiving antennas through
interpolation of a symbol axis and afrequency axis employing pilot channel estimation
values of pilots transmitted from atransmitting antenna, which transmits apreamble
included in received signals received by the respective receiving antennas; estimating
an improved channel with respect to each of the receiving antennas through operation
of the estimated channel estimation value and a preamble channel estimation value of
the preamble; and estimating a channel for each of the receiving antennas through in-
terpolation of a symbol axis and afrequency axis employing pilot channel estimation
values of pilots transmitted from the same transmitting antenna, of pilots transmitted
from atransmitting antenna that does not transmit the preamble, of aplurality of
transmitting antennas.

A channel estimation method in aMIMO wireless communication system
supporting OFDM or OFDMA according to an aspect of the present invention includes
the steps of estimating achannel of a symbol axis with respect to each of aplurality of
receiving antennas through interpolation of a symbol axis employing pilot channel
estimation values of pilots transmitted from the same transmitting antenna, of pilots
transmitted from aplurality of transmitting antennas; and estimating a channel of a
frequency axis with respect to each of the receiving antennas through interpolation of
the frequency axis employing the channel estimation value estimated as the symbol
axis with respect to each of the receiving antennas.

A channel estimation method in aMIMO wireless communication system
supporting OFDM or OFDMA according to an aspect of the present invention includes
the steps of (a) compensating for error according to time offset and/or carrier
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frequency offset by extracting pilots from areceived signal; and (b) estimating a
channel with respect to the received signal by employing the product of channel
estimation values of the pilots whose error has been compensated for and pre-
determined weight values.

Advantageous Effects

Accordingly, the present invention has an advantage in that it can increase the
accuracy of channel estimation by employing apreamble channel estimation value of a
preamble and pilot channel estimation values of pilots transmitted from aplurality of
transmitting antennas in aMIMO communication system.

Furthermore, the present invention can estimate achannel by employing apilot
channel estimation value of adownlink PUSC channel mode included in received
signals received by aplurality of receiving antennas.

Further, the present inventionaccuracy of channel estimation by estimating a
channel through interpolation of apreamble channel estimation value and apilot
channel estimation value.

Furthermore, the present invention accuracy of channel estimation by carrying out
an operation on achannel estimated through interpolation between apilot channel
estimation value and apreamble channel estimation value.

Further, the present invention channel estimation by estimating achannel by setting
weight values differently according to pilot patterns.

Brief Description of the Drawings

FIG. lisaview illustrating an example of aframe structure used in an IEEE
802.16d/e-based portable Internet system;

FIG. 2 isaview illustrating an example of preambles and pilots of adownlink
PUSC mode of FIG. 1;

FIG. 3isaview illustrating the concept of a Single Input Single Output (SISO)
system and aMIMO system,;

FIG. 4isaview illustrating asignal transmission method between atransmitting
antenna and areceiving antenna in a2x2 MIMO system;

FIG. Sisaview illustrating atransmission configuration of apreamble by a
segment in accordance with the present invention;

FIG. 6isaview illustrating pilot patterns of adownlink PUSC mode, which are re-
spectively transmitted by afirst transmitting antenna and a second transmitting antenna
in the 2x2 MIMO system in relation to FIG. 2;

FIG. 7 isaview illustrating apilot and adata pattern received by the receiving
antenng;

FIG. 8isaconstruction block diagram with respect to achannel estimation appara
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tus according b an embodiment of the present invention;

FIG. 9is adetailed block diagram illustrating an embodiment of afirst channel
estimation unit illustrated in FIG. 8;

FIG. 10 is adetailed block diagram illustrating an embodiment of a second channel
estimation unit illustrated in FIG. 8;

FIG. 11lisaconstruction block diagram with respect to achannel estimation
apparatus according to a second embodiment of the present invention;

FIG. 12 is adetailed block diagram illustrating an embodiment of afirst channel
estimation unit illustrated in FIG. 11,

FIG. 13 isaconstruction block diagram with respect to achannel estimation
apparatus according to athird embodiment of the present invention;

FIG. 14 is adetailed block diagram illustrating an embodiment of afirst channel
estimation unit of FIG. 13;

FIG. 15 isaconstruction block diagram with respect to achannel estimation
apparatus according to afourth embodiment of the present invention;

FIG. 16 is adetailed block diagram illustrating an embodiment regarding aTO
estimation unit illustrated in FIG. 15;

FIG. 17 is adetailed block diagram illustrating an embodiment of a CFO estimation
unit of FIG. 15.

FIG. 18 isaflowchart illustrating amethod of carrying out an operation on weight
value in accordance with the present invention;

FIG. 19 isaview illustrating part of aframe structure for illustrating the weight
value operation method of FIG. 18;

FIG. 20 is an operational flowchart with respect to a channel estimation method
according to afirst embodiment of the present invention;

FIG. 21is adetailed operationa flowchart with respect to step S530 illustrated in
FIG. 20;

FIG. 22 is adetailed operationa flowchart with respect to step S540 illustrated in
FIG. 20;

FIG. 23 is an operational flowchart with respect to a channel estimation method
according to a second embodiment of the present invention;

FIG. 24 is adetailed operationa flowchart with respect to step S620 illustrated in
FIG. 23;

FIG. 25 is an operational flowchart with respect to achannel estimation method
according to athird embodiment of the present invention; and

FIG. 26 is an operational flowchart with respect to a channel estimation method
according to afourth embodiment of the present invention.
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Mode for the Invention

The present invention will now be described in detail in connection with preferred
embodiments with reference to the accompanying drawings. For reference, in the
following description, detailed description on the known functions and constructions,
which may make the gist of the present invention unnecessarily vague, will be omitted.

Before detailed description, the term "communication mobile station" used in this
specification refers to acommunication mobile station that supports an OFDM scheme
or an OFDMA scheme, preferably, acommunication mobile station that supports
PUSC, Full Usage of Sub-Channels (FUSC), and Band Adaptation Modulation Coding
(AMC) channel modes in awireless communication system that uses |IEEE 802.16d/e,
WiBro, and WiMAX standard specifications. Further, only the PUSC channel mode is
described in the detailed description of the present invention. However, the present
invention may also be applied to the FUSC and Band Adaptive Modulation Coding
(AMC) channel modes.

Further, the term "wireless communication system" used in this specification may
refer to a system based on one of |EEE 802. 16d/e standard, WiBro, and WiMAX.

Further, the term "symbol" used in this specification refers to an OFDMA or OFDM
symbol.

FIG. lisaview illustrating an example of aframe structure used in the IEEE
802.16d/e-based portable Internet system. In the portable Internet system employing a
TDD method, one frame is time-divided for transmission and reception.

Referring to FIG. 1, one frame is divided into adownlink frame where datais
transmitted from abase station to aterminal and an uplink frame where data is
transmitted from the terminal to the base station. A Transmit/receive Transition Gap
(TTG) and aReceiveltransmit Transition Gap (RTG) are inserted between the
downlink frame and the uplink frame. In the illustrated example, the downlink frame
includes at least one of apreamble region, a PUSC region, a FUSC region, and an
AMC subchannel region, and the uplink frame includes at least one of acontrol
symbol region, a PUSC region, and an AMC subchannel region.

In particular, in relation to the present invention, if it is sought to employ 1024 Fast
Fourier Transform (FFT) of a subcarrier allocation method relating to the downlink
PUSC mode, allocation can be performed as in the following table 1. FIG. 2 illustrates
part of asubcarrier allocation structure according to Table 1.

[Table 1]
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Parameter Value Comments
Number of DC Subcarriers 1 Index 512
Number of Guard Subcarriers, 92
Left

[64]
[65]

[66]

[67]

[68]
[69]

[70]

Number of Guard Subcarriers, 91

Right

Number of Used Subcarriers 840 | Number of all subcarriers used within a
symbol, including all possible allocated
pilots and data subcarrier.

Pilots 120

Number of data Subcarriers 720

Number of Used Subcarriers

per subchannel

Number of Subchannels 30

Referring to Table 1and FIG. 2, in the downlink PUSC mode using 1024 FFT, 91
and 92 subcarriers on the right and left sides, of atotal of 1024 subcarriers, are used as
guard periods for mitigating interference between neighboring channels, and one of the
1024 subcarriers isused as aDC subcarrier. Further, 840 subcarriers other than the
above subcarriers are used as valid subcarriers, 120 subcarriers of the 840 subcarriers
are used as pilots, and the remaining 720 subcarriers are used for data transmission.

The downlink PUSC mode is defined over 2 symbol periods that are consecutive on
the time axis, and includes a Frame Control Header (FCH) for transmitting frame con-
figuration information. Furthermore, the downlink PUSC zone comprises subcarriers
distributed on the frequency axis, and one downlink PUSC subchannel includes 4 pilot
subcarriers and 48 data subcarriers. Further, the basic configuration unit of the
downlink PUSC subchannel is acluster. In the cluster, al subcarriers other than the
null subcarriers and the DC subcarriers are blocked into 14 neighboring subcarriers.

Meanwhile, the present invention is applied to aMIMO system for carrying out
MIMO transmission using aplurality of transmitting antennas and aplurality of
receiving antennas. The MIMO system is described below with reference to FIGS. 3 to
7.

FIG. 3isaview illustrating the concepts of the SISO system and the MIMO system.

Asillustrated in FIG. 3(a), the SISO system is configured to perform single 1/0
transmission through one channel H, which isformed between atransmitting antenna
TxAnt and areceiving antenna RxAnt.

Unlike the above configuration, the MIMO system is configured to perform MIMO
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transmission through aplurality of channels, which are formed between aplurality of
transmitting antennas and aplurality of receiving antennas. FIG. 3(b) illustrates a2x2
MIMO system using two transmitting antennas and two receiving antennas, of the
plurality of transmit and receiving antennas. Asillustrated in the drawing, four
channels (that is, afirst channel HOO, a second channel HOI, athird channel HIO, and a
fourth channel HIl) are formed between the first and second transmitting antennas
TxANtO and TxAnt 1, and the first and second receiving antennas RxAntO and RxAntl.
For reference, inthe channel sign 'HOOQ!, the first index O isrelated to the index of a
receiving antenna and the second index O isconcerned with the index of atransmitting
antenna.

A method of transmitting the signal of the 2x2 MIMO system isdescribed in detail
below with reference to FIG. 4.

In the downlink period, abase station (or aradio access station) transmits signals
through the two transmitting antennas TxAntO and TxAntl, and amabile station (or a
portable subscriber station) receives the signals through the two receiving antennas
RxANtO and RxAntl. In this case, one antenna TxAntO of the two transmitting
antennas transmits preambles. The first receiving antenna RxAntO and the second
receiving antenna RxAntl receive the preambles through the first channel HOO and the
third channel HIO, respectively (refer to FIG. 4(a)). Further, the first and second
transmitting antennas TxAntO and TxAntl transmit pilots with different patterns. The
first receiving antenna RxAnNtO receives the pilots, which are transmitted from the first
and second transmitting antennas, through the first channel HOO and the second
channel HOI. The second receiving antenna RxAntl receives the pilots, which are
transmitted from the first and second transmitting antennas, through the third channel
HIO and the fourth channel HIl (refer to FIG. 4(b)).

For reference, FIG. 5isaview illustrating atransmission configuration of a
preamble by segments in accordance with the present invention. Asillustrated in FIG.
5, guards for reducing interference between neighboring frequency bands are
positioned on the left and right sides of aplurality of subcarriers, and DC subcarriers
(that is, null subcarriers) are located.

Further, preamble subcarriers are positioned at predetermined intervals ("3" in FIG.
5) within one segment and can be used for initial synchronization, cell search,
frequency offset, and channel estimation. A preamble signal has a signal level higher
than that of adata signal and apilot signal and can be easily acquired even under
adverse channel conditions.

Meanwhile, FIG. 6illustrates pilot patterns of the downlink PUSC mode, which are
transmitted by the first transmitting antenna TxAntO and the second transmitting
antenna TxAntl, respectively. Each pilot pattern isapilot pattern to which a Space
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Time Code (STC) is applied. In order to apply Spatial Multiplexing (SM), different
pieces of data are transmitted on an antenna basis.

Referring to FIG. 6, the first transmitting antenna TxAntO transmits pilots and data
according to apattern illustrated in FIG. 6(a), and the second transmitting antenna
TxAntl transmits pilots and data according to a pattern illustrated in FIG. 6(b). The
first receiving antenna RxANtO receives first and second received signals (that is,
received signals of the first and second channels) through the first and second channels
HOO and HOI, respectively, and the second receiving antenna RxAntl receives third
and fourth received signals (that is, received signals of the third and fourth channels)
through the third and fourth channels HIO and HII, respectively. Thus, the first and s
econd receiving antennas RxAntO and RxAntl receive all signals, which is cor-
responding to adownlink frame, transmitted from the two transmitting antennas (a
downlink frame).

In this case, the pilots and data pattern received by each receiving antenna are il-
lustrated in FIG. 7.

Referring to FIG. 7, in the downlink PUSC mode in accordance with the present
invention, the pilot pattern isrepeated in acycle of four symbols. The entire pilot
patterns regarding the downlink PUSC mode can be represented by the following
Equation 1. Inthis formula, "m" indicates areceiving antenna index and "I " indicates
asymbol index. A formula 1-(1) and aformula 1-(3) indicate pilot patternsoreceived
through the first and second channels, respectively, and aformula 1-(2) and aformula
[-(4) indicate pilot patterns received through the third and fourth channels, res
pectively.

[Equation 1]

K"(4/ 4,0,i™4) 1,0,2'(8/y+,0),i<(8,/ [ +1,0)], ... K"(4] (,59™(@4/ \,59),N(8/ (+1,59),iM(8/ ,+1,59)] m
[P (8/-,0), P'(8,/,0), /2 (4 +1,0),Ps 834/  +10)], -..[%: Y8/,,59).15:7:(8,/,59),%; ) (4, +1,59),Fif' (4,/,+159)] ()

[FtXXiy+10)JM(OL, +29.5 (121 +WE" (1%  +af)]. ... ,[F (U, +259,Uf(0J +259,0tXm ,+359,127 (12/,+359]  (3)
U524 +P)if(Y2) o+2,0)dtXaly+2B)Ji DO, +30)]. ....K"(1% +2,59,Jif(m, +159,JiX0J,+359,J3'(0),+359] (4

An apparatus and method for estimating a channel in accordance with avariety of
embodiments of the present invention are described below with reference to FIGS. 8to
26.

FIG. 8isaconstruction block diagram regarding the channel estimation apparatus
according to afirst embodiment of the present invention.

Referring to FIG. 8, the channel estimation apparatus of the present invention
includes first and second FFT units 110 and 150, first and third channel operation units
120 and 160, first and third channel estimation units 130 and 170, and second and



12

WO 2008/044888 PCT/KR2007/004986

[85]

[86]

[87]

[88]

[89]

[90]
[91]

[92]
[93]

fourth channel estimation units 140 and 180.

The first and second FFT units 110 and 150 transform received signals with
baseband (first and second received signals), which are received through first and
second receiving antennas of acommunication mobile station, respectively, into
signals of frequency domain by performing FFT on the received signals. The baseband
signals received through the first and second receiving antennas may be transformed
into the signals of frequency domain through the first and second FFT units, re-
spectively, but transformed into the signals of the frequency domain through one FFT
unit.

The transformed received signal includes apreamble signal, apilot signal, adata
signal, and so on. The channel estimation apparatus in accordance with the present
invention is configured to estimate a channel by employing apreamble and apilot
related to the downlink PUSC mode, included in the received signal.

The pilots, which are included in the received signals and received from the two
transmitting antennas, have different pilot patterns.

The first channel operation unit 120 carries out an operation on apilot channel
estimation value of the pilots, which are transmitted from the first transmitting antenna,
as an improved pilot channel estimation value by employing apreamble channel
estimation value of the preamble, which istransmitted from the first transmitting
antenna and received by the first receiving antenna. That is, the first channel operation
unit 120 transforms the pilot channel estimation value into the improved pilot channel
estimation value by carrying out an operation on the preamble channel estimation
value of the preamble, which istransmitted from the first transmitting antenna and
received by the first receiving antenna, and the pilot channel estimation vaue. In this
case, only when afrequency where a subcarrier of the preamble channel estimation
value islocated isidentical to afrequency where the pilot channel estimation value is
located, an operation is carried out between the preamble channel estimation value and
the pilot channel estimation value.

The improved pilot channel estimation value can be represented by the following
Equation 2.

[Equation 2]

H(a,s) =Wi(a,s)xH _pre(a,s)+W2(a,s)xH _pil(a, s)
where "H" indicates the improved pilot channel estimation value, "WI" indicates a

preamble weight value, "H_pre" indicates the preamble channel estimation value,
"W2" indicates apilot weight value, "H_pil" indicates the pilot channel estimation
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values of the pilots transmitted from the transmitting antenna, "a" indicates a subcarrier
index, and "s" indicates a symbol index. That is, H_pil indicates the pilot channel
estimation values of the pilots transmitted the first transmitting antenna.

The preamble weight value and the pilot weight value can be represented by the
following Equation 3.

[Equation 3]
1
WI = — s
2 2
W2 =1]-wl

where symbol offset indicates symbol offset on the basis of apreamble.

The third channel operation unit 160 carries out the same operation as that of the
first channel operation unit. In other words, the third channel operation unit 160 carries
out an operation on the pilot channel estimation values of the pilots transmitted from
the first transmitting antenna by employing the preamble channel estimation value of
the preamble, which is transmitted from the first transmitting antenna and received by
the second receiving antenna. Detailed description of the third channel operation unit is
the same as that of the first channel operation unit, and will be thus omitted.

The first channel estimation unit 130 performs interpolation along a symbol axis
and afrequency axis by employing the pilot channel estimation values of the pilots
transmitted from the first transmitting antenna, which are improved by the first channel
operation unit 120, and estimates the channel HOO through the performed interpolation
along the symbol axis and the frequency axis.

The first channel estimation unit 130 may be constructed as illustrated in FIG. 9.

FIG. 9 isadetailed block diagram of an embodiment regarding the first channel
estimation unit illustrated in FIG. 8. Referring to FIG. 9, the first channel estimation
unit 130 includes afirst symbol index channel estimation unit 131 and afirst frequency
axis channel estimation unit 132.

The first symbol index channel estimation unit 131 estimates achannel of the
symbol axis through interpolation of the symbol axis employing the pilot channel
estimation value that has been improved by the first channel operation unit 120.

In the case of achannel not located between the improved pilot channel estimation
values on the symbol axis, apilot channel estimation value located at the nearest
symbol index, of the improved pilot channel estimation values, can be copied to the
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channel not located between the improved pilot channel estimation values.

At this time, in the case of achannel located between an improved pilot channel
estimation value having the smallest symbol index, of the improved pilot channel
estimation values, on the symbol axis and the preamble channel estimation value, the
channel can be estimated through interpolation of the improved pilot channel
estimation value having the smallest symbol index and the preamble channel
estimation value.

The first frequency axis channel estimation unit 132 estimates a channel of the
frequency axis through interpolation of the frequency axis employing the channel
estimated along the symbol axis.

At this time, in the case of achannel not located between the channels estimated as
the symbol axis, the nearest channel of the channels estimated along the symbol axis
can be copied to the channel not located between the estimated channels.

The second channel estimation unit 140 performs interpolation along the symbol
axis and the frequency axis by employing the pilot channel estimation values of the
pilots, which are transmitted from atransmitting antenna that does not transmit a
preamble and received by the first receiving antenna, and estimates the channel HOI
through interpolation as the performed symbol axis and the performed frequency axis.
That is, the second channel estimation unit 140 performs interpolation aong the
symbol axis and the frequency axis by employing the pilot channel estimation values
of the pilots, which are transmitted from the second transmitting antenna and received
by the first receiving antenna, and estimates the channel HOI through interpolation as
the performed symbol axis and the performed frequency axis.

The second channel estimation unit 140 may be constructed asillustrated in FIG.
10.

FIG. 10 isadetailed block diagram of an embodiment regarding the second channel
estimation unit illustrated in FIG. 8. Referring to FIG. 10, the second channel
estimation unit 140 includes a second symbol index channel estimation unit 141 and a
second frequency axis channel estimation unit 142.

The second symbol index channel estimation unit 141 estimates a channel of the
symbol axis through interpolation of the symbol axis employing the pilot channel
estimation values of the pilots transmitted from the second transmitting antenna.

At thistime, in the case of achannel not located between the pilot channel
estimation values of the pilots transmitted from the second transmitting antenna in the
symbol axis, apilot channel estimation value located at the nearest symbol index, of
the pilot channel estimation values of the pilots transmitted from the second
transmitting antenna, can be copied to the channel not located between the pilot
channel estimation values of the pilots transmitted from the second transmitting
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frequency axis through interpolation of the frequency axis employing the channel
estimated as the symbol axis.

At this time, in the case of achannel not located between the channels estimated as
the symbol axis, the nearest channel of the channels estimated as the symbol axis can
be copied to the channel not located between the estimated channels.

Referring back to FIG. 8, the third channel estimation unit 170 performs in-
terpolation along the symbol axis and the frequency axis by employing the pilot
channel estimation values of the pilots, which have been transmitted from the first
transmitting antenna and improved in the third channel operation unit 160, and
estimates the channel HOI through interpolation as the performed symbol axis and the
performed frequency axis. The third channel estimation unit 170 is the same function
asthat of the first channel estimation unit and, therefore, detailed description thereof
will be omitted.

The fourth channel estimation unit 180 performs interpolation along the symbol
axis and the frequency axis by employing the pilot channel estimation values, which
are transmitted from the second transmitting antenna and received by the second
receiving antenna, and estimates the channel HIl through interpolation as the
performed symbol axis and the performed frequency axis. The fourth channel
estimation unit is the same function as that of the second channel estimation unit and,
therefore, detailed description thereof will be omitted.

In other words, in the channel estimation apparatus in accordance with the present
invention asillustrated in FIG. 8, in the case of achannel where apreamble is
transmitted, an operation on pilot channel estimation values of pilots is carried out
based on apreamble channel estimation value of apreamble, and achannel including
the preamble is estimated through interpolation along a symbol axis and afrequency
axis by employing an improved pilot channel estimation value acquired through the
operation. In the case of achannel where only pilots are transmitted, achannel is
estimated through interpolation along a symbol axis and afrequency axis by
employing pilot channel estimation values of pilots.

The operation of FIG. 8 will be described in more detail below with reference to
FIG. 2. In this case, only the received signals received by the first receiving antenna
will be described.

FIG. 2 isan exemplary view the received signals received by the first receiving
antenna and the pilot pattern of the downlink PUSC channel mode.

Referring to FIG. 2, in the event that the preamble channel estimation value of the
preamble and the pilot channel estimation values of the pilots transmitted from the first
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transmitting antenna are located at the same frequency in the frequency axis (OFDMA
subcarrier axis), the first channel operation unit illustrated in FIG. 8 carries out an
operation on the pilot channel estimation value as an improved pilot channel estimation
value based on the preamble channel estimation value. The operation of the improved
pilot channel estimation value is carried out according to the above Equations 2 and 3.

For example, apreamble channel estimation value P93 and apilot channel
estimation value p2 located at afirst subcarrier of afrequency axis, wherein the
preamble channel estimation value and the pilot channel estimation value are located at
the same frequency, are operated. In this case, by the Equation 3, an improved pilot
channel estimation value of p2 is operated based on the Equation 2. That is, the
improved pilot channel estimation value p2' of p2 is operated using

p?= Wx P93 + W2xp2
, S0 the pilot channel estimation value p2 is operated as the improved pilot channel
estimation value p2'. In this case, since the preamble weight value W1 and the pilot
weight value W2 are changed depending on a symbol index position of the pilot
channel estimation value p2, the improved pilot channel estimation value p2' may vary.

On the other hand, since the pilot channel estimation value p2 located at afifth
subcarrier is not located at the same frequency as that of the preamble channel
estimation value, an operation employing the preamble channel estimation value is not
carried out.

Thus, the pilot channel estimation values p2 and pi are corresponding to the same
frequency as that of the preamble channel estimation value are operated as the
improved pilot channel estimation values p2' and pi' according to the Equations 2 and
3.

If the operation on the pilot channel estimation values of the pilots transmitted from
the first transmitting antenna is finished through the above process, the first symbol
index channel estimation unit estimates a channel of the symbol axis by interpolating
the pilot channel estimation value, which has been improved by the first channel
operation unit, or the pilot channel estimation value that has not been improved as the
symbol axis.

At this time, the nearest improved pilot channel estimation value or the nearest
unimproved pilot channel estimation value can be copied to achannel not located
between the improved pilot channel estimation values or the unimproved pilot channel
estimation values. For example, in the first subcarrier, channels d6, d24, and po of the
symbol indices 3, 4 and 5 are not located between the pilot channel estimation values
of the pilots transmitted from the first transmitting antenna. Thus, the improved pilot
channel estimation value p2' of the symbol index 5, which exists at the nearest place, is
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copied to the channels of the symbol indices 3, 4, and 5. In aninth subcarrier, the pilot
channel estimation value pi of a symbol index 23 is copied to channels p3, d7, and d31
of symbol indices 24, 25 and 26.

In this case, achannel located between the preamble channel estimation value and
the pilot channel estimation value, of channels not located between the improved pilot
channel estimation values, can be interpolated by employing a preamble channel
estimation value and an improved pilot channel estimation value. For example, in the
first subcarrier, the channels d@, d24, and po of the symbol indices 3, 4 and 5 can be
estimated through interpolation of the improved pilot channel estimation value p2' and
the preamble channel estimation value P93 of a symbol index 6.

Asdescribed above, achannel of asymbol axis can be estimated through in-
terpolation of the symbol axis where the pilot channel estimation values of the pilots
pi, p2 transmitted from the first transmitting antenna exists.

If the channel of the symbol axis is estimated in the first symbol index channel
estimation unit, achannel of afrequency axisis estimated through interpolation of the
estimated channel of the symbol axis in the first frequency axis channel estimation
unit.

At this time, in the case of achannel not located between the channels estimated as
the symbol axis, the nearest channel of the channels estimated as the symbol axis can
be copied to the channel not located between the estimated channels.

For example, in the pilot pattern illustrated in FIG. 2, an estimated channel located
at aprevious subcarrier can be copied to channels d23 and d47 located at the last
subcarrier.

The channel HOO is estimated through this process.

Meanwhile, the channel HOI is estimated through the second symbol index channel
estimation unit and the second frequency axis channel estimation unit. The channel is
estimated by employing pO and p3, that is, the pilot channel estimation values of the
pilots transmitted from the second transmitting antenna.

Referring back to FIG. 2, the second symbol index channel estimation unit
estimates achannel of a symbol axis where apilot channel estimation value is located
by interpolating the pilot channel estimation values p0 and p3 of the pilots transmitted
from the second transmitting antenna along the symbol axis.

At this time, the nearest pilot channel estimation value can be copied to a channel
not located between the pilot channel estimation values. For example, in the first
subcarrier, the channels dO and d24 of the symbol indices 3 and 4 are not |ocated
between the pilot channel estimation values of the pilots transmitted from the second
transmitting antenna. Thus, the pilot channel estimation value pO of the symbol index 5
located at the nearest position is copied to the channels of the symbol indices 3 and 4.
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Further, since the channel p2 of the symbol index 26 is also not located between the
pilot channel estimation values of the pilots transmitted from the second transmitting
antenna, the pilot channel estimation value pO of the symbol index 25 is copied to the
channel of the symbol index 26.

If the channel of the symbol axis is estimated in the second symbol index channel
estimation unit, the second frequency axis channel estimation unit estimates a channel
of afrequency axis by interpolating the estimated channel of the symbol axis as the
frequency axis.

At this time, in the case of achannel not located between the channels estimated as
the symbol axis, the nearest channel of the channels estimated as the symbol axis can
be copied to the channel not located between the estimated channels. This operation is
the same as the operation of the first frequency axis channel estimation unit and,
therefore, detailed description thereof will be omitted.

FIG. 1lisaconstruction block diagram with respect to achannel estimation
apparatus according to a second embodiment of the present invention.

Referring to FIG. 11, the channel estimation apparatus in accordance with the
present invention includes first and second FFT units 210 and 250, first and third
channel estimation units 220 and 260, first and third channel operation units 230 and
270, and second and fourth channel estimation units 240 and 280.

When comparing the first channel estimation unit 220 and the first channel
estimation unit 130 illustrated in FIG. 8, the first channel estimation unit 130 il-
lustrated in FIG. 8 estimates a channel by employing apilot channel estimation value
improved based on apreamble channel estimation value, whereas the first channel
estimation unit 220 illustrated in FIG. 11 estimates a channel by employing pilot
channel estimation values of pilots transmitted from the first transmitting antenna.

The first and second FFT units 210 and 250 and the second and fourth channel
estimation units 240 and 280 perform the same functions as those of the first and
second FFT units and the second and fourth channel estimation units, respectively, il-
lustrated in FIG. 8, and therefore detailed description on the first and second FFT units
and the second and fourth channel estimation units is omitted.

Further, the first channel estimation unit 220 and the third channel estimation unit
260 have the same function, and the first channel operation unit 230 and the third
channel operation unit 270 have the same function. Thus, detailed description on the
third channel estimation unit and the third channel operation unit is omitted.

The first channel estimation unit 220 performs interpolation along a symbol axis
and afrequency axis by employing pilot channel estimation values of pilots, which are
transmitted from the first transmitting antenna and received by the first receiving
antenna, and estimates a channel through the performed interpolation of the symbol
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axis and the frequency axis.

The first channel estimation unit may be constructed as illustrated in FIG. 12.

FIG. 12 isadetailed block diagram of an embodiment with respect to the first
channel estimation unit illustrated in FIG. 11.

Referring to FIG. 12, the first channel estimation unit 220 includes afirst symbol
index channel estimation unit 221 and afirst frequency axis channel estimation unit
222.

The first symbol index channel estimation unit 221 estimates a channel of the
symbol axis through interpolation of the symbol axis employing pilot channel
estimation values of pilots transmitted from the first transmitting antenna.

At thistime, in the case of achannel not located between the pilot channel
estimation values of the pilots transmitted from the first transmitting antennain the
symbol axis, apilot channel estimation value located at the nearest symbol index, of
the pilot channel estimation values of the pilots transmitted from the first transmitting
antenna, can be copied to the channel not located between the pilot channel estimation
values.

At thistime, in the case of achannel located between apilot channel estimation
value having the smallest symbol index in the symbol axis, of the pilot channel
estimation values of the pilots transmitted from the first transmitting antenna, and a
preamble channel estimation value, the channel can be estimated through interpolation
of the pilot channel estimation value having the smallest symbol index and the
preamble channel estimation value.

The first frequency axis channel estimation unit 222 estimates a channel of a
frequency axis through interpolation of the frequency axis employing the channel
estimated as the symbol axis.

At this time, in the case of achannel not located between the channels estimated as
the symbol axis, the nearest channel of the channels estimated as the symbol axis can
be copied to the channel not located between the estimated channels.

As can be seen from FIG. 12, the first symbol index channel estimation unit and the
first frequency axis channel estimation unit illustrated in FIG. 12 perform the same
operations as those of the first symbol index channel estimation unit and the first
frequency axis channel estimation unit illustrated in FIG. 9, but they differ in that
whether apilot channel estimation value used to estimate a channel employs apilot
channel estimation value improved based on apreamble channel estimation value or
pilot channel estimation values of pilots transmitted from the first transmitting antenna.

Referring back to FIG. 11, the first channel operation unit 230 carries out an
operation on the channel estimated by the first channel estimation unit 220 based on
the preamble channel estimation value of the preamble transmitted from the first
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transmitting antenna. In other words, the first channel operation unit 230 estimates an
improved channel by carrying out an operation on the estimated channel estimation
value and the preamble channel estimation value.

In the operation of the estimated channel estimation value and the preamble channel
estimation value, the estimated channel estimation value is converted into the
improved channel estimation value only when the preamble channel estimation value
and the estimated channel estimation value are located at the same frequency. At this
time, achannel estimation value, which isestimated through interpolation of the pilot
channel estimation values of the pilots transmitted from the first transmitting antenna
and the preamble channel estimation value, of the estimated channel estimation values,
isnot operated along with the preamble channel estimation value. In other words, the
estimated channel estimation value becomes an improved channel estimation value.

The improved channel estimation value can be represented by the following
Equation 4.

[Equation 4]

7/11(cf, s) =W3(a,s)x H _pre(a, s) + Wa(a,s)x H _pill(a, s)

where "HI" indicates the improved channel estimation value, "W3" indicates the
preamble weight value, "H_pre" indicates the preamble channel estimation value,
"W4" indicates the estimated channel weight value, "H_pil" indicates the estimated
channel estimation value, "a' indicates the subcarrier index, and "s" indicates the
symbol index.

The preamble weight value and the estimated channel weight value can be
represented by the following Equation 5.

[Equation 5]
1
W3 = — ez
2 2
W4 =1- W3

where the symbol offset indicates symbol offset on the basis of the preamble.

The first channel operation unit 230 is described below in more detail with
reference to FIG. 2.

The first channel operation unit 230 carries out an operation on an estimated
channel estimation value located at the same frequency (subcarrier) asthat of a
preamble channel estimation value of apreamble transmitted from the first
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transmitting antenna, of the channel estimation values estimated through interpolation
of the symbol axis and the frequency axis employing the pilot channel estimation
values pO and p2 of the pilots transmitted from the first transmitting antenna, by
employing the preamble channel estimation value. For example, the first channel
operation unit 230 transforms an estimated channel estimation value into an improved
channel estimation value by carrying out an operation on the preamble channel
estimation value and the estimated channel estimation value in the first subcarrier, the
fourth subcarrier, the seventh subcarrier, etc. where the preamble channel estimation
value islocated. In other words, the estimated channel estimation value located in the
first subcarrier istransformed into an improved channel estimation value through an
operation with the preamble channel estimation value P93. In this case, an operation
employing the preamble channel estimation value P93 is carried out not only on the
pilot channel estimation values of the pilots transmitted from the first transmitting
antenna, but also estimated channel estimation values of other symbol indices, which
are interpolated by the pilot channel estimation values of the pilots transmitted from
the first transmitting antenna.

In this case, in the event that a channel estimation value located between the
preamble channel estimation value P93 and the pilot channel estimation value p2 of the
symbol index 6is copied from the pilot channel estimation value p2 of the symbol
index 6, an operation by the preamble channel estimation value P93 can also be carried
out on the symbol indices 3, 4 and 5.

On the other hand, in the event that a channel estimation value located between the
preamble channel estimation value P93 and the pilot channel estimation value p2 of the
symbol index 6 is estimated through interpolation of the preamble channel estimation
value P93 and the pilot channel estimation value p2 of the symbol index 6 in the first
channel estimation unit 220, an operation on the estimated channel estimation values
of the symbol indices 3, 4 and 5 employing the preamble channel estimation value P93
is omitted.

FIG. 13 isaconstruction block diagram regarding a channel estimation apparatus
according to athird embodiment of the present invention.

Referring to FIG. 13, the channel estimation apparatus in accordance with the
present invention includes first and second FFT units 310 and 340, and first, second,
third, and fourth channel estimation units 320, 330, 350, and 360.

A channél is estimated by employing apreamble channel estimation value and a
pilot channel estimation value in the above embodiments, whereas in the third
embodiment of the present invention illustrated in FIG. 13, achannel is estimated by
employing only pilot channel estimation values respectively transmitted from the
transmitting antennas.
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The first and second FFT units 310 and 340 perform the same functions as those of
the first and second FFT units illustrated in FIG. 8 and, therefore, detailed description
on the first and second FFT units is omitted.

The first, second, third, and fourth channel estimation units 320, 330, 350, and 360
estimate channels by employing pilot channel estimation values of pilots, which are
received through respective channels and transmitted from the same transmitting
antenna.

In other words, the first channel estimation unit 320 estimates the channel Hoo by
employing pilot channel estimation values of pilots, which are received by the first
receiving antenna and transmitted from the first transmitting antenna.

The second channel estimation unit 330 estimates the channel HOI by employing
pilot channel estimation values of pilots, which are received by the first receiving
antenna and transmitted from the second transmitting antenna.

The third channel estimation unit 350 estimates the channel HIO by employing pilot
channel estimation values of pilots, which are received by the second receiving
antenna and transmitted from the first transmitting antenna.

The fourth channel estimation unit 360 estimates the channel HI 1 by employing
pilot channel estimation values of pilots, which are received by the second receiving
antenna and transmitted from the second transmitting antenna.

Asevident from the above, the entire channel estimation units 320, 330, 350, and
360 estimates channels by employing pilot channel estimation values of pilots
transmitted through channels. Thus, only the first channel estimation unit is described
below.

The first channel estimation unit 320 estimates the channel HOO through in-
terpolation of the symbol axis and the frequency axis employing pilot channel
estimation values of pilots transmitted from the first transmitting antenna.

FIG. 14 isadetailed block diagram of an embodiment regarding the first channel
estimation unit 320 illustrated in FIG. 13.

Referring to FIG. 14, the first channel estimation unit 320 includes afirst symbol
index channel estimation unit 321 and afirst frequency axis channel estimation unit
322.

The first symbol index channel estimation unit 321 and the first frequency axis
channel estimation unit 322 perform the same functions as those of the second symbol
index channel estimation unit and the second frequency axis channel estimation unit il-
lustrated in FIG. 10.

In other words, the first symbol index channel estimation unit 321 estimates a
channel of the symbol axis through interpolation of the symbol axis employing pilot
channel estimation values of pilots transmitted from the first transmitting antenna.
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At thistime, in the case of achannel not located between the pilot channel
estimation values of the pilots transmitted from the first transmitting antennain the
symbol axis, apilot channel estimation value located at the nearest symbol index, of
the pilot channel estimation values of the pilots transmitted from the first transmitting
antenna, can be copied to the channel not located between the pilot channel estimation
values of the pilots transmitted from the first transmitting antenna.

The first frequency axis channel estimation unit 322 estimates a channel of the
frequency axis through interpolation of the frequency axis employing the channel
estimated as the symbol axis.

At this time, in the case of achannel not located between the channels estimated as
the symbol axis, the nearest channel of the channels estimated as the symbol index can
be copied to the channel not located between the estimated channels.

Asdescribed above, the channel estimation apparatus according to the third
embodiment of the present invention can estimate achannel by employing pilot
channel estimation values of pilots transmitted from atransmitting antenna or can
estimate a channel by employing a preamble channel estimation value and pilot
channel estimation values.

FIG. 15 isaconstruction block diagram with respect to achannel estimation
apparatus according to afourth embodiment of the present invention.the downlink
PUSC mode applied to the present embodiment has apilot pattern to which aSTC is
applied and in this mode, different pieces of data are transmitted on a transmitting-
antenna basis in order to apply Spatial Multiplexing (SM).

Asillustrated in FIG. 15, the channel estimation apparatus includes a FFT unit 410,
an offset estimation unit 420, an offset compensation unit 430, aweight value storage
unit 450, and a channel estimation unit 440.

The FFT unit 410 transforms signals of atime domain, of the baseband, which are
received through afirst channel and a second channel, into signals of afrequency
domain. The FFT unit 410 transforms received signals of the first channel and the
second channel, of atime domain, which are received through the first receiving
antenna, into signals of afrequency domain. Though not illustrated in the drawing, it
can be easily analogized that an additional FFT unit (not shown) for transforming the
signals of atime domain into the signals of afrequency domain through athird channel
and afourth channel exists. Of course, one FFT unit can be used transform all signals
of atime domain into signals of afrequency domain.

The offset estimation unit 420 estimates Time Offset (TO) and/or Carrier Frequency
Offset (CFO) by employing the transformed signals of the frequency domain. The
signal of the frequency domain, which has been transformed in the FFT unit 410,
include apreamble, apilot, data, and so on. The preamble is extracted in a preamble
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extraction unit (not shown), and the pilot is extracted in apilot extraction unit (not
shown) according to the Equation 1 and then input to the offset estimation unit 420.
The offset estimation unit 420 estimates TO and CFO by employing the extracted
preamble and pilot. The offset estimation unit 420 is classified into a TO estimation
unit 421 for estimating TO, and a CFO estimation unit 422 for estimating CFO. They
will be described later on.

The offset compensation unit 430 compensates for error occurring when the signals
pass through the channels by employing the TO or CFO estimated in the offset
estimation unit 420. The offset compensation unit 430 is classified into aTO com-
pensation unit 431 for compensating for TO and a CFO compensation unit 432 for
compensating for CFO. They will be described later on.

Meanwhile, the weight value storage unit 450 is configured to store aweight value
operated through a subcluster-based channel response by employing pilots off-line.
This isbased on acombination of different ratios of pilots where channel charac-
teristics within respective clusters are constant per subcluster basis. Weight values are
previously found out by reflecting ahigh ratio to apilot close to asubcluster and alow
ratio to apilot far from a subcluster by taking a subcarrier distance into consideration
according to patterns of pilots adjacent to the subcluster, and are then stored in the
weight value storage unit 450. Thus, agreat amount of operations and operation time
can be saved upon channel estimation. Further, it has been described that weight values
in the present invention employ aconstant pilot pattern per subcluster basis, but the
weight values can be operated by combining the pilot pattern and the preamble pattern.
This will be described in detail later on.

The channel estimation unit 440 estimates a channel based on the weight values
stored in the weight value storage unit 450. In this case, the channel estimation unit
440 can find out achannel estimation value for each subcluster in the product of the
channel responses of the pilots and the operated weight values. The channel estimation
unit 440 estimates channels with respect to the first channel HoOo and the second
channel HOI. Though not illustrated in the drawing, other channel estimation units for
estimating channels with respect to the third channel HIO and the fourth channel Hll
can also be easily analogized. The channel estimation unit 440 will also be described in
detail later on.

On the other hand, although not illustrated in FIG. 15, the channel estimation
apparatus according to the present embodiment may further include a TSC decoder
(not shown) for decoding a TSC code coded on the transmission side and/or a SM
decoder for decoding data, differently transmitted per antenna basis, which follow the
channel estimation unit 440.

The construction of the channel estimation apparatus constructed above according
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to the fourth embodiment of the present invention is described in more detail.

FIG. 16 isadetailed block diagram illustrating an embodiment of the TO estimation
unit of FIG. 15.

Asillustrated in FIG. 16, the TO estimation unit 421 includes afirst phase
difference operator 421a, afirst phase difference accumulator 421b, afirst liner phase
operator 421c, and a TO operator 421d.

The first phase difference operator 421a carries out an operation on a phase
difference according to TO by employing at least two preambles included in at |east
one of received signals (first and second received signals) of the first and second
channels, which are received through the first receiving antenna, and received signals
(third and fourth received signals) of the third and fourth channels, which are received
through the second receiving antenna. In this case, a combination of the at least two
preambles and the at least two pilots may be employed. The first phase difference
operator 421a may be implemented in the form of amultiplier for performing a
conjugate multiplication on, for example, two complex numbers.

The first phase difference accumulator 421b accumulates the phase difference
according to each TO, which is calculated in the first phase difference operator 421a,
and generates a phase difference accumulation value. The first phase difference ac-
cumulator 421b can estimate more accurate TO by accumulating phase differences
operated on alarger number of preambles. For reference, the first phase difference ac-
cumulator 421b may be implemented in the form of an adder.

The first liner phase operator 421c transforms the phase difference accumulation
value, which is accumulated in the first phase difference accumulator 421b, into a
linear phase CDTO according to TO. The phase difference accumulation value exists in
the form of acomplex number. Thus, the first liner phase operator 421c can find out
the linear phase according to TO by transforming the phase difference accumulation
value into aform having thereal part as the denominator and the imaginary part as the
numerator, performing an arctan operation on the transformed fraction form, and then
dividing the result into as many as a subcarrier index difference (that is, the preamble
position difference used in the phase difference operation). The arctan operation can be
carried out by employing alook-up table using the ratio of thereal part and the
imaginary part of acomplex number as an input and the resulting arctan operation
value as an output. The linear phase can also be found out by employing other known
operation methods. The linear phase CDTO for TO, which has been found out as
described above, represents an average phase difference according to TO, which
occurs between neighboring subcarriers (that is, subcarriers where the difference of
subcarrier indicesis 1).

The TO operator 421d transforms the linear phase CDTO according to TO, which is
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operated in the first liner phase operator 421c, into TO. For example, in the event that
1024 FFT isused asin the present embodiment, TO can be calculated according to the
following Equation 6.

[Equation 6]

1024

TO=0 7

A detailed example of the method of estimating TO is described below with
reference to FIG. 2.

Referring to FIG. 2, the first symbol of the downlink frame isused as preambles.
The preambles have ahigh signal level and the same symbol index and can be thus
easily used to estimate aphase difference according to TO. FIG. 2 shows apreamble
transmission configuration including three segments (segment 0, segment 1, and
segment 2). Thus, the base station transmits apreamble subcarrier asapattern cor-
responding to one of the three segments. Further, aleft guard and aright guard for
reducing interference between neighboring frequency bands are formed on the left and
right sides of the preamble subcarrier. The first segment 0 includes a DC subcarrier (a
preamble subcarrier index = 142). It can also seen that aphase difference cor-
responding to three times the linear phase according to the TO occurs between
neighboring preamble subcarriers in one segment (when the difference of the preamble
index is 1), and aphase difference corresponding to six times the linear phase
according to the TO occurs when the difference of the preamble index is2. For
reference, the following Equation 3 illustrates an example of the operation results of
the linear phase according to the TO, which is operated in the first liner phase operator
421c through the first phase difference operator 421a and the first phase difference ac-
cumulator 421b. In the following Equation 7, P indicates apreamble subcarrier, "k"
indicates apreamble subcarrier index, and "m" indicates areceiving antenna index.

[Equation 7]

-
I
<

1 281 1
Im{z MNP G0) e P20+ Y M PG Pm(k+z,o)“}
“lun * Algg) m;U ) k;;l“ m;o - for Seymeni O
1{5{ NP k0) e L k12,00 Y, NP, k0 P (k1 2.0) }
_ k=Nm=0 L=14Tm =10
@TO_ 130 1 . x| 1 XW
ﬁn{z 3P 0) - P k+2,0) + 3, 3P, kG - Pm(k+2,o)j
| ) V= Jm—10 k— 142 m — 0 f herwis
Etan CETRE] ) 7 T - o1 othcrwisc
He{ Mo ED) e £ k2,00 Y N P k) e P (k2.0) }
k=0m=0 L=142m=10

The linear phase CDTO according, to the TO obtained as described above is
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transformed into aTO in the TO operator 421d. The TO isused to compensate for
error according to the TO in the TO compensation unit 431 subsequently.

The embodiment according to the present invention may also employ a method of
carrying out an operation on the phase difference according to the TO by employing a
pilot pair having the same symbol index, a method of carrying out an operation on the
phase difference according to the TO by employing two pairs of pilots having the same
symbol index difference, and so on as well as the above TO estimation method.

On the other hand, referring back to FIG. 15, the TO compensation unit 431
compensates for error according to the TO by compensating for the phase of the
received signa by employing the TO estimated in the TO estimation unit 421. Such
TO estimation is carried out by employing the preamble, but the TO compensation unit
431 compensates for the TO per symbol basis. Thus, TO compensation of pilots and
data of the downlink PUSC mode isrepresented by the following Equation 8. In this
formula, k(k=0, 1, ..., 1023) indicates a subcarrier index, CDTO indicates the linear phase
of TO having aradian unit, r indicates pilot and data of the downlink PUSC mode,

rI’T’I
indicate pilot and data with compensated TO, of the downlink PUSC mode, and 1(1=0,
1, ..., 23) indicates an OFDMA symbol index.
[Equation 8]

rrwmkal> - rmk»O -ef Pk

At this time, an exponentia function for the linear phase kCDTO of TO can be
represented by the function form. The exponential function can be summarized into a
complex form, such as a Equation 10, by employing the following Equation 9. Thus,
the phase of TO on acomplex plane can be compensated for through the Equation 10.

[Equation 9]

A(K) =cos(E®P, ), B(K) =sin(EP, ), 0<k <1023
[Equation 10]

7O (hal) =1 kD) AGRY—12 (h,T) < BOK)
7 (kJ) =AKI)XB(K)+ r(KI)XA(K)
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FIG. 17 isadetailed block diagram illustrating an embodiment of the CFO
estimation unit of FIG. 15.

Asillustrated in FIG. 17, the CFO estimation unit 422 includes a second phase
difference operator 422a, a second phase difference accumulator 422b, a second liner
phase operator 422c, a CFO operator 422d, and aparameter converter 422e.

The second phase difference operator 422a carries out an operation on aphase
difference according to CFO by extracting two or more pilots included in at least one
of the received signals of the first and second channels, which are received through the
first receiving antenna, and the received signals of the third and fourth channels, which
are received through the second receiving antenna.

The second phase difference accumulator 422b generates a phase difference ac-
cumulation value by accumulating respective phase differences according to the CFO,
which are operated in the second phase difference operator 422a. The second phase
difference accumulator 422b can estimate more accurate CFO by accumulating the
phase differences operated with respect to alarger number of pilots.

The second liner phase operator 422c transforms the phase difference accumulation
value, which is accumulated in the second phase difference accumulator 422b, into a
linear phase CDCFO according to the CFO. The linear phase CDCFO for the transformed
CFO indicates an average phase difference for the CFO, which occurs between
neighboring symbols having the same subcarrier index (that is, subcarriers where the
difference of the symbol index is 1).

The CFO operator 422d transforms the linear phase CDCFO according to the CFO,
which is operated in the second liner phase operator 422c, into CFO. For example,
when an OFDMA symbol period has 115.2 psin the downlink frame, the CFO can be
operated according to the following Equation 11.

[Equation 11]

10"

CFO=¢p _ x——
CFO " 221152

The parameter converter 422e converts the CFO, which is measured in aradian
unit, into an Hz (Hertz) value. The Hz value can be calculated using the following
Equation 12. Inthis formula, "f " indicates the output of the CFO estimation unit

current

422 in the current frame of the downlink PUSC mode, "f " indicates the output of the
pre
CFO estimation unit in the previous frame of the downlink PUSC mode, "Gain" is

¢, -107)/(2 x -1152 -2)
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,and

¢
indicates an updated coefficient.
[Equation 12]

f currrreennit [HZ] Z_(/l ~ 6/}‘ ) ' f prree + Gh”f’ﬁ” * $6‘FO

A detailed example of the method of estimating CFO is described below.

First, apilot extraction unit (not shown) extracts pilots with compensated TO in the
same form as that of the Equation 1. The pilot extraction unit differs from the above
pilot extraction unit in that pilots with compensated TO are extracted. Further, the
second phase difference operator 422a carries out an operation on the phase difference
according to the CFO by employing the pilots. The following Equation 13 is a
generalized form of the phase difference and represents the accumulation result of the
linear phases according to the CFO, which is operated in the second phase difference
operator 422a, by employing apositional relationship between two pilots with
compensated TO. In other words, the second phase difference operator 422a carries out
acomplex product operation on an extracted pilot pair, and the second phase difference
accumulator 422b accumulates pilot pairs on which the complex product operation has
been carried out. The accumulated pilot pairs can be represented by the following
Equation 9. In this case, in relation to the Equation 1, P (4, /,v)issettoP (0, v), P
(8,/,v)isSttoP (1, v), P (4 /+1, v)issettoP (2,v), P (8 /+1 v)issettoP (3.
V), P (0 12 V)iSSettoP (0,V), P (12, 12 V)isSettoP (L V), P (0, s V)isset
to Pmm(z, v), and Pm(12, 1+3,m V) issetmto Pm (3, v). "v" indicatr?es acl ustnzar index, and NC
indicates the number of accumulated clusters.

[Equation 13]

1 N
ep 0" =33 (PO, V) XPI'(3,v) +p % (0,v) Xp {9 (3, V) +P0" (L,V)Xp " (2,V) +ps (LV)XPs (2,V))

mo -0

femp O =ii(P;"(qu)xi>i"(3,v)-P: JOV)XiT"(3V) +2"(1L,VXA"(2  W)-i (L V)XP;' (2,v))

The liner phase operator 422c then carries out an operation on the linear phase o
according to the CFO by employing the following Equation 14. That is, the liner phase
operator 422c transforms the phase difference accumulation value, which is
represented by the above Equation 9, into aform by using the real part asthe de-

nominator and the imaginary part asthe numerator, carries out an arctan operation on
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the transformed fraction form, and then divides the operation results into as many as a

subcarrier index difference (that is, apreamble position difference used in the phase

difference operation), thus calculating the linear phase CDCFO according to the CFO.
[Equation 14]

D, =tan" (temp0"”  temp0'*)

The linear phase CDCFO according to the CFO, which is calculated as described
above, istransformed into a CFO of the radian unit in the CFO operator 422d. The
CFO isagain transformed into an Hz value in the parameter converter 422e. The Hz
value is subsequently used to compensate for error according to the CFO in the CFO
compensation unit 432. For example, the CFO compensation unit 432 compensates for
CFO by compensating for error of an oscillator (for example, avoltage-controlled
crystal oscillator (VCXQO)) based on the estimated CFO by using an Automatic
Frequency Controller (AFC).

For reference, the fourth embodiment may employ amethod of calculating aphase
difference according to CFO by using apreamble and pilots transmitted from the same
transmitting antenna, a method of calculating aphase difference according to CFO by
using two pairs of pilots having the same subcarrier index difference, and so forth
other than the above-mentioned CFO estimation method. A linear phase according to
CFO can aso be found out by employing another combination of apreamble and pilots
other than the above-described methods.

The method of calculating weight values previously stored in the weight value
storage unit is described in detail below with reference to FIGS. 18 and 19.

FIG. 18 isaflowchart illustrating amethod of calculating weight values in
accordance with the present invention. FIG. 19 isaview illustrating part of frame
structure for illustrating the weight value calculating method of FIG. 18. In this case,
14 subcarriers and 16 symbols are taken as an example. Further, "p" indicates apilot,
"d" indicates data, subclusters indicated by abold dotted line designate subclusters
selected in order to find out achannel response, and channel responses of cor-
responding subclusters are indicated by "H".

First, in relation to pilots comprised of the pattern as shown in the Equation 1in the
downlink PUSC mode, each of two symbols that are consecutive on the time axis and
four subcarriers that are consecutive on the frequency axisisdivided into subclusters,
asillustrated in FIG. 19. In other words, it isassumed that each cluster isvirtually
divided into three subclusters in a subcarrier index direction (asubcarrier frequency
axis) and one subcluster has the same channel response. It isnoted that "/ 0" in the
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Equation lindicates a symbol index at which a STC applied to the present invention
begins, and the Equation |-(2) and the Equation |-(4) indicate the pilot patterns for the
third and fourth channels.

A channel response in relation to the divided subclusters is calculated and
represented as channel response with respect to one or more adjacent subclusters or
pilots having the same channel distance (S10-S20). In other words, a channel response
of the subclusters selected in FIG. 19 isrepresented by H. As "H" corresponds to the
average of adjacent channels, it can be represented by H = 1/4(h© + hi + h2 + h3).

Thereafter, the channel response of the at least one adjacent subcluster or pilot is
represented by around pilots on the basis of the subclusters and a combination of a
relative symbol distance ratio between the around pilots (S30). For example, assuming
that achannel estimation value for apilot isp(k, j) in FIG. 19, hO can be repressed by
employing p(0,2), p(0O, 6), p(4, 4), and p(4, 8), hi can be repressed by employing p(4,
4) and p(4, 8), h2 can berepressed by employing p(0, 6), p(0, 10), p(4, 8), and p(4, 12),
and h3 can be repressed by employing p(4, 8) and p(4, 12). In this case, "k"
corresponds to asymbol index, andj corresponds to a subcarrier index. Further, the
term "the combination of the relative symbol distance ratio" refers to that a distance
ratio for apilot close to a subcluster is set greater than adistance ratio for apilot far
from the subcluster. If the channel estimation value of the at least one adjacent
subcluster or pilot isrepresented by acombination of the relative symbol distance ratio
as described above, hO can be repressed by employing p(0,2), p(0, 6), p(4, 4), and p(4,
8), resulting in hO = /16{ 1.5 x 3.0x p(0,2) + 2.5 x 3.0 x p(0, 6)} + 3.5 x p(4, 4) + 0.5
X p(4, 8)}. If summarizing h6, hi, h2, and h3in this manner, h0 = (1.5 x 3.0)/16 x p(0,
2) + (2.5 x 3.0)/16 x p(0, 6) + (3.5 x 1.0)/16 x p(4, 4) + (0.5 x 1.0)/16 x p(4, 8)}, hi =
3.5/4 x p(4, 4) + 0.5/4 x p(4, 8), h2 = (1.5 x 3.0)/16 x p(0, 6) + (2.5 x 3.0)/16 x p(O,
10) + (3.5 x 1.0)/16 x p(4, 8) + (0.5 x 1.0)/16 x p(4, 12), and h3 = 3.5/4 x p(4, 8) +
0.5/4 x p(4, 12) can be obtained.

Thereafter, the channel response of the subcluster is represented as a combination of
around pilots on the basis of the subcluster and arelative symbol distance ratio of the
around pilots ($40). For example, since H = 1/4(h@ + hi + h2 +h3) in FIG. 19, H =
1/4{ (1.5 x 3.0)/16} x p(0, 2) + 1/4{(2.5 x 3.0)/16 + (1.5 x 3.0)/16} x p(O, 6) +
1/4{(3.5 x 1.0)/16 + 3.5/4} x p(4, 4) + 1/4{(0.5 x 1.0)/16 + 0.5/4 + (3.5 x 1.0)/16 +
3.5/4} x p(4, 8) + 1/4{(0.5 x 1.0)/16 + 0.5/4} x p(4, 12) + 1/4{(2.5 x 3.0)/16} x p(O,
10). In this case, if the multiplied ratio (that is, weight value) is set to w0, p(0, 6) is set
towl, p(4, 4) is set tow2, p(4, 8) isset tow3, p(4, 12) is set to w4, and p(0, 10) is set
to w5 before p(0, 2), H isrepresented as a combination of around pilots and arelative
symbol distance ratio of the around pilots, suchasH =w8 x h® + wl x hl + w2 x h2 +
w3 X h3+ w4 x h4 + w5 x h5.
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Finally, the relative symbol distance ratio for each around pilot is calculated and a
coefficient for each pilot is stored in the weight value storage unit (S50). For example,
in FIG. 19, wB = 1/4{(1.5 x 3.0)/16} =0.0703, wl = 1/4{(2.5 x 3.0)/16 + (3.5 x
1.0)/16}= 0.1719, w2 = 1/4{(3.5 x 1.0)/16 + 3.5/4}=0.2734, w3 = 1/4{(0.5 x 1.0)/16 +
0.5/4 + (3.5 x 1.0)/16 + 3.5/4}=0.3125, w4 = 1/4{(0.5 x 1.0)/16 + 0.5/4} =0.0391, and

= 1/4{(2.5 x 3.0)/16} = 0.1172. Accordingly, the thus stored relative symbol
distance ratios w0 to w5 for respective around pilots are stored in the weight value
storage unit, so the channel estimation unit 440 can make areference for therelative
symbol distance ratios upon channel estimation.

In the present embodiment, the six pilots are used to represent the channel response
H of one subcluster. It is, however, evident that aplurality of pilots may be used to
represent the channel response H of one subcluster in the same manner. For example,
four adjacent pilots may be used to represent the channel response H of one subcluster
asfollows. That is, if it is sought to represent the channel response H of the subcluster
illustrated in FIG. 19 by using adjacent pilots (for example, p(0, 6), p(4, 4), p(4, 8), and
p(0, 10)), itresultsin H = 1/8(3.5 x p(0, 6) + 0.5x p(0, 10) + 1.5 X p(4, 4) + 2.5 X
p(0.6)}. Inthe relative symbol distance ratio for each pilot, a coefficient for p(0, 6) can
be represented as 0.4375, a coefficient for p(0, 10) can be represented as 0.0625, a co-
efficient for p(4, 4) can be represented as 0.1875, and a coefficient for p(4, 8) can be
represented as 0.3125.

As an alternative embodiment, in the same manner as the above method, each
cluster can be divided into subcluster units, aweight value can be calculated with
respect to the pilots of the subcluster on the basis of at |east one of interpolation on the
time axis, interpolation on the frequency axis, and amoving average, and then stored
in the weight value storage unit 450.

If it is summarized using the method described so far, weight values for the entire
channels can be found out as listed in the following Tables 2 to 8.

The following Tables 2 and 3 are the results of summarizing channel weights for
respective pilots in the symbols located at the ends of the right and left sides. In more
detail, in Tables 2 and 3, respective subcluster-based weight values are summarized
with respect to the ends on the left and right sides of the frame (/ +5> 1> —5) in the
frame received through the second channel HOI or the fourth channel HIl (the
downlink frame comprises 27 symbols, wherein one symbol isused for apreamble and
two symbols are used for FCH, so 24 data symbols are used). A channel weight value
for each pilot is calculated and stored in the weight value storage unit 450. At this time,

/ " indicates the start symbol index and "I " indicates the last symbol index.

In Table 2, inrelation to achannel esti matlon value P(y, x) for apilot, y(y=0,l)

indicates apilot index and x(x=0, 1, ..., 11) indicates a slot symbol (since achannel is
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estimated in two symbol units in the downlink PUSC mode, the two symbol units are
referred to asthe slot symbol). In this case, the pilot index is set to O when a cor-
responding pilot isplaced at a6 or higher and is set to 1when acorresponding pilot is
placed at a6 or lower on the basis of atotal of 14 subcarriers on the frequency axis.

[Table 2] Channel (HOI or HII) weight value (boundary symbol)

Svmbol Weight Symbol /p + 2 Weighl Svmbol I, +1 | Weight
Subcluster 1 P Ix+D 03313 P (1x) 0 2906 P 1x+3) 00156
P 01875 Pn (1l x+2) 00844 P,(1x 2) 00375
P, Uxt2) 01875 P, (1 x-1) 025 P, (Lx+2) 00844
Pn(1s+3) 0 003% Po(Ixt+1) 0 35>4 Pn (1 x-1) 025
P (1 x+ 5) 0016 Pw(1x) 02531

Pu(Ix+1) 03594

Subcluster 2 Pl 01875 P (1 xt+3) 0 00v4 Po (1 x-2) 00375
Powt2) 01875 P,(lx D 015 P, (0x+2) 00625
IL(ORN) 03937 P, (1xt+t1D) 02126 P, (1xt2) 00811
P, Oxt2) () 1688 P, (0x+1) 025 P, (0x 2) 01406
Pu O+ 1) 00563 P (0x=1) 0375 P (130 02531
P Oxt3) 00031 P (Nx) 03164

Pn(0x-1) 00527

P (0Ox+1) 00527

Subcluster 3 Pa O 01313 Pn (0x-1) 0225 Pn (0x-2) 0 058¢
PLOxtD 07719 P (000 05625 P, 0x) 00238
PaO%t2) 00563 P (0 x+1) 015 P,0x 1 0157
P,oOx+3) 00406 P, (0x+2) 00625 P, (0Ox+2) 00352

P, (Ox+ 1D 0 3535

Meanwhile, in the following Table 3, mod(/ - /0, 4)==0 refers to acase where a
symbol allocated to / corresponds to amultiple of 4 at the initial / K and mod(/ -/ .
4)~=0 refers to a case where / corresponds to a multiple of 4 at the initial / .

[Table 3] Channel (HOI or HII) weight value (boundary symbol)
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Casel mod(/ -1, 1)==0

Svmhol /., -3 Woeight Symbol /, Woight S,mbol /, =5 Woeight
Subcluster 1 Polx-2) 00375 Pn(lx) 02625 Pn (1.x-2) 0.0375
Pn(1x-1) 025 Pn (1 x-1) 0,938 P (1x+2) 00844
PoUx) 03375 P, (1 x-2) 01125 P, (1,x=1) 025
Pox+D 0375 P, (1x-3) 00313 P, (1,x) 0.2531
Pn (1x+1) 037
Subcluster ¥ Po.(1x-2) 00375 P (lx-1) 0 3503 P (1,x=3) 00106
P (N x=-2) 0 1406 Pn (0 x=1) 05313 Pn (1,x=1) 015
P 03375 P, (1 x=3) 00187 P (Lx+ 1) 0225
Pa(0x) 0 Jods Py (0 x-3) 00938 P (Ox+ 1) 025
P, (%=1 0 0606 P, (0,x=1) 03594
PLOx+1D) 0 0606
Subcluster 3 P.(0x-2) 007586 P, (Ox) 03125 Pn (0,x=3) 0 00V4
P, 0Ox 01289 P, (0x-D 03187 P, (O,n+2) 0.0625
Po(0x-1) 040463 P, (0 x-2) 031256 P (0,x-2) 0 1400
Pu (0 x%-3) 00708 P (0%-3) 00563 P (0,x+ 1) 015
PoOx+D 0 3555 Pn (0,x-1) 0.2156
P (0,%) 04219

[266]
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Case2 mod(/-1;,1)~=0

Symbol /. -3 Weight Symbol 7. Weight Ssmbol /. -5 Weight
Subcluster 1 Pa(1x) 03531 Pn(1x-3) 001313 P (1,x) 001,06
Pnlx-2) 00375 Pn(lx-2) 01125 Pm(1,x-2) 00375
P (1 x+1) 03391 Pu(1x-1) 05238 Pr (It 2) 0.0811
L1 x-1 025 PL(1x) 02625 P (1x—1) 0.25
P, (1,x) 0.2531

P (1,x+ 1) 03594

Subcluster 2 Pn (1 x) 00N94 Pl x=2) n1125 Pn (1,x=2) 00375
Pn(lx-3) 00156 Po(0x-2) 02813 Pn (Ox+ 2) 00623

P (1x-1) 015 Pu(lx) 02625 P (Lx+2) 00844

Pn(lx+1) 02156 Pn(0%) 02813 P (0,x-2) 0.1106

Pn(Ox+1) 025 Pn(0Ox-1) 00331 P (1,%) 0.2531

Po(0x-1) 03304 Po(0x-3) nono4 P (0,%) 0.3164

Pn (0,x=1) 00527

P (0x+ 1) 00527

subcluster 3 Po(0x-3) 00094 Po(0x-2) 00238 P (0,x=2) 005846
Pn0x) 00025 Pn(0Ox-1) 06200 P (0,x=3) 00508
PL0x-2) 0 1406 PLOx) 00238 P (0,x) 0.0938
P, (O0x+ 1 015 P, (0x=3) n1z219 | P, 0x=1) 01063
P, (0x-1) 02156 P, (0,x+2) 003-2
Pr(0x) 01219 P (Ox+ 1) 03555
[267] On the other hand, the following Table 4 illustrates the arrangement of each

subcluster-based weight value in aframe, received through the second channel HOI or
the fourth channel HII, with respect to acentral portion (/ O+5 </< /e-5) of the
frame. A channel weight for each pilot is calculated and stored in the weight value
storage unit 450.

[268] [Table 4] Channel (HOI or HI 1) weight value

[269] Where / . +5</</ . -5, /e corresponds to the end of a subframe.

[270]
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When mod(x 2)==0 | Weight When mod(x 7)==1 | Weight
svmbol / svmhol /
Subcluster 1 Po (1 x+5) 00156 Po (1 x+5) 00156
Po(1x-2) 00375 P (1x=2) 003:5
P (1 x+4) 00811 P (1 %+ 4) 00811
P,(1x 1) 025 P,(1x 1) 025
P (1x) 0 2531 P (1x) 02531
Po (I x+1) 03574 Po (1 x+ 1) 035734
Subcluster /2 Po(lx+ ) 00024 P.(1x-2) 0035
Pnllx-3) 0016 Po(Ox+2) 00625
P, (1x-1) 015 P (1x+2) 00844
P, (lx+1) 02156 P,0Ox 2) 01106
P,Ox+D 025 P,(lx) 02531
P (0x=-1) 0 3524 P (Nx) 05164
P, (0x-1) 0032/
Pn(Ox+1) 0002y
Subcluster 3 Po(0Ox=3) 0004 Po(0x=2) 0 008t
P,0xt2 00625 P,0x 3 00308
P (Ox 2) 0 1406 P (0% 000938
P (Ox+D 015 P (Ox D 04063
P (0x=-1) 0210 P (0x+2) 00352
Pn(0x) 04219 Pw(Ox+1) 03555

The following Tables 5to 7 illustrates the arrangement of each subcluster-based

weight value, which isfound from the frame received through the first channel HOO or
the third channel HIO. A channel weight value for each pilot iscaculated and stored in

the weight value storage unit 450. In addition, Tables 5to 7 are similar to those

described in the above Tables 2 to 4, and detailed description thereof will be omitted.
[Table 5] Channel (HOO or HIO) weight value
where / . +5< 1< . -5, 1e corresponds to the end of a subframe.
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When mod(s,2)==0 | Weighl When mod(x,2)==1 | Weight
svmbol / svimbol /

Subcluster | P (1,x=3) 00156 P (1,x=3) 00156
P (Lx+2) 00375 Pn (1,x+2) 00375
Pal,x-2) 00844 P, (1,x-2) 0.0844
P (Lx+1) 025 Pw (1x+1) 025
PaLx) 0 2531 P.(1x) 0.2531
P (lx-1) 0 3591 P. (1,x=1 0 3594
Subcluster 2 DL a3 00091 P, (1xt+2) 0.0375
PLOx+3) 00156 P, (0,x-2) 0.0625
Po (1x+1) 015 Po(1,x=2) 00844
PLx-D 02156 P, (0x+2) 0.1406
Po (0x-1) 025 Pn(1,%) 02531
P (Ot D) 03591 P (0% 0.3161
P (0,x=1) 00527
Po (Ox+ 1) 00527
Subcluster 3 | P, (0,%+3) 00091 P, (0xn-2) 0.0352
Po(0x-2) 00625 Prn (0% 00938
I (ORI 0 1106 P, (0x-1) 0.3555
PLOx-D 015 P, Ox+1) 0.4063
P (Ot 1) 02156 P (Ont2) 0.0586
PL0x) 04219 P, (0,x+3) 0.0508

[276]

[277]
[278]

[Table 6] Channel (HOO or HIO) weight value (boundary symbol)
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Symbol Werght Symhbol [+ 2 Weight Svmbol 4 +4 Weight
Subcluster 1 P, (lx+1) 059038 Po (1 x+2) 0.0375 P (1,xt+2) 0.0375
P, (1x) 0 2625 Pn(1x+1) 0.25 P, (1,x-2) 0.0844
P, (lx+2) 01125 P, (1 %) 0.3375 P, (1xt+1) 0.25

Pn (Lx+3) 00313 Pn(1x-1) 0.370 P (1,x) 0.2531

Pn(1,x-1) 0.375
Subcluster 2 Pa (1,%) 02625 Po (0 x+3) 0.0156 Pn (1,x+2) 0.0375
P, (1, xt2) 01125 P, (1 x+1) 0.15 P, (0.x-2) 0.0625
P (0, x) 02813 Pn (1 <=1 0.225 P (1,x-2) 0.0844
P (0, x+2) 02813 Pn (0 x-1) 0.25 P (Oxt+2) 0.14086

Po (0, x+1) 00331 Pm (N x+1) 0.3594 P (1,x) (.2531
P, (0, x+3) 0.0094 P, (0.x) 0.3164
P, (Ox-1) 0.0527
P (0x+ 1) 0.0527
Subcluster 3 P, (0, %) 00938 P (0 x+3) 0.0094 P (0,x-2) 0.0352
P, (0, %+ 1) 06206 | Py (N x+2) 0.1406 | Pn (Ox) 0.0238
F.. (0, x+2) 0.0238 P, (0. x-D 0.15 P, (0.x-1) 0.3555
P, (0, x+3) 0.121¢ P, (0. x+1) 0.2156 P, (0x+ 1) 0.4063
P, (0. %) 0.1811 Pn (Ox+2) 0.0586
P (00t 3) 0.0308

[279]
[280] [Table 7] Channel (HOO or HIO) weight value (boundary symbol)
[281]
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Casel mod(/-I, D==0
Svymbol /7, -3 Weight Ssmbol 7, Weight Symbol 1, -5 Weight

Subcluster 1 P (1 x-3) 00156 Pn(l x) 01875 Po(lx-3) 0016
Pn (1 x=2) 00844 | P,(1 x-1) 05313 | Pu(lx+2) 00375
P (l %=1 03524 | Pn(l,x-2) 01875 | P.(1,x-2) 00844
P.(1 %) 02006 | P,(1 x-3) 00038 |Pa(1x+1) 025
P (1l x+1) 025 Pa(lx) 02531

PL(1x-1) 03591

Subcluster 2 P, (0 x-2) 00625 | P, (1, x-1) 03187 |P,.(1,x-3) 0 0094
P, (1 x-2) 00844 | P,L(0 x-1) 05038 | Pa(1x+1) 015
Pn(l %) 02906 |Pn(l, x-3) 00563 |P.(lx-D 02156
P (0 %) 04219 | P, (0, x-3) 00313 |P,0Ox-D 025
Pn (0 x-1) 00703 P (O x+1) 037>
Pn (O x+1) 00703

Subcluster 3 P, (0 x-2) 00125 | P, O x) 04375 | P.(0, x-2) 00625
P (0 %) 01125 | PO x=1) N3563 | PO x+2) 0 1406
Po (0 x-1) 035 Pn (0 x-2) 01875 | Po(0 x=1) 015
Pp (0 x+1D) 0525 Pn (0 x=3) 00187 |P,(0 x+1) 0225

PO x) 04219

[282]




40

WO 2008/044888 PCT/KR2007/004986

Casc2 mod(/-/, $)~—0
Symbol /-3 Weight Sy mbol 7, Weight Svmbol 7, =5 Weight
Subcluster 1 Pn (1 x—a) 0016 Pn(lx-3) 008 Pn (1 x—0) 00130
P (1 x=2) 00844 Pn(l x-2) 01870 Pn (1x+2) 00375
Pn(l x+ 1) 025 Pn(l x 1) 05313 P.(1x 2) 00844
Pn (1l x-1) 0 3524 Pn(l x) 01575 P (Ix+1) 025
P (1 %) 0 2906 P,(1x) 0 2531
P (1 x=1) 03574
Subcluster 2 Pn (1 x=3) 0004 | Py (1lx=-2) 01870 Po(1x+2) 00375
P (1 x+D 015 P (0x 2) 0 1688 P Ox 2) 00625
Pn (1 x-1) 02156 Pn(l x) 01575 Pn (1 x=2) 0 0644
Pn(0 x 1) 025 Pn (0 x) 0 3937 PoOxt+2) 01406
P (0 x+ 1) 0375 P (0 x-1) N 0524 P (Ix) 0 2531
Pn(0 x-3) 00031 Pn(0x) 0 3lod
P (0 x=1) 00527
P, (0Ox+1) 00527
Sublluster 3 | P (0 x 2) 00625 [P0 % 2) 00563 P,(0x 2) 00852
P (0 %) 05625 Pn (O x=1) nN7717 P (0 %) 00038
Pn(0 x D 015 P (0 x) 01313 Pn(0x 1 0 3555
P (0 x+ 1) 0225 P (0 x-3) N 0406 P (Nx+1) 0 457
Pu (0 x+2) 0 0580
[283]
[284] Referring back to FIG. 15, the channel estimation unit 440 extracts pilots whose TO

has been compensated with respect to the received signal according to the Equation 1,
and finds out achannel estimation value by carrying out an operation on each
subcluster-based channel response based on the following Equation 15 with reference
to weight values asillustrated in Tables 2 to 7, which are previously calculated off-line
and stored in the weight value storage unit 450. In this case, u(u=0, 1, 2) indicates a
subcluster index, v(v=0, 1, ..., 59) indicates acluster index, x(x=0, 1, ..., 11) indicate a
slot symbol index as described above, and y(y= 0, 1) indicate apilot index.

[285] [Equation 15]

[286]



41

WO 2008/044888 PCT/KR2007/004986

[287]
[288]

[289]
[290]

[291]
[292]

[293]

[294]

[295]

[296]

[297]

Ry (W,v,X) = wam, v, x) XFI(Jv, v,X) + W2(U, v, x) XP2(Y, v,x) + w3(w,v,/\) XF3(V, V, X)

+WA(U, V,X) X FA(jv, v,xg +wW5(U, V,X) X F5(jv, v, x) + W6(M, V,X) X POV, V, X)

For example, in the case of the subcluster 1of Table 2, channel response of the
subcluster 1 with respect to the symbol /iscaculated asin the following Equation 16.
[Equation 16]

H, (ii.y,x) =wIxP\ +w2xP2 +Ww3xP3 +w4xP

=05313x P (I;r+1)+01875x P(1,j) +01875% P (1.T14+2)+00938x P, fl r+ 3)

For example, when the pilot P00 corresponds to {1.4903+0.6939i, 1.4674+0.7532i,
1.52+0.63291 1.4585+0.6959i} and the weight value W00 corresponds to {0.5313,
0.1875, 0.1875, 0.0938}, the channel response HOOis(1.4903 + 0.6939i)x0.5313 +
(1.4674 + 0.7532i)x0.1875 + (1.52 + 0.6329i)x0.1875 + (1.4585 + 0.6959i)x0.0938,
and thus finanlly corresponds to the channel response H00 1.4887+0.6938i of the
subcluster 1 with respect to the symbol /.

Meanwhile, although only the first channel estimation unit 410 for estimating the
first channel HOO and the second channel HOI concerned with the first receiving
antenna has been described, the third channe HIO and the fourth channel HIl related
to the second receiving antenna can be estaimated through the second channel
estimation unit 420 in a simular method to the method.

FIG. 20 is an operational flowchart with respect to achannel estimation method
according to afirst embodiment of the present invention. For reference, the channel
estimation method according to the first embodiment isrelated to the channel
estimation apparatus according to the first embodiment.

Referring to FIG. 20, in the channel estimation method in accordance with the
present invention, received signals received through the plurality of receiving antennas,
respectively, are Fourier-transformed through FFT (S510). That is, the received signals
of the baseband are transformed into signals of afrequency band.

Pilot channel estimation values of pilots, which are transmitted from the
transmitting antenna that transmits apreamble using apreamble channel estimation
value based on apreamble included in each Fourier-transformed and received signal,
are calculated asimproved pilot channel estimation values with respect to each of the
receiving antennas (S520).

In this case, only when afrequency where asubcarrier of the preamble channel
estimation value islocated isidentical to afrequency where the pilot channel
estimation values are located, operation between the preamble channel estimation
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[298]

[299]

[300]

[301]

[302]

[303]

[304]

[305]

[306]

value and the pilot channel estimation values is carried out.

If the pilot channel estimation values of the pilots transmitted from the first
transmitting antenna are calculated in the respective receiving antennas based on the
preamble channel estimation value, the pilot channel estimation value is transformed
into the improved pilot channel estimation values. The pilot channel estimation value
improved by the preamble channel estimation value can be represented by the above
Equations 2 and 3.

If the operation process of the pilot channel estimation values employing the
preamble channel estimation value is performed, the channels Hoo and HIO, that is, the
channels for the respective receiving antennas are estimated by employing the
improved pilot channel estimation value for the respective receiving antennas (S530).
In this case, the channel can be estimated through interpolation of the symbol axis and
the frequency axis employing the improved pilot channel estimation value.

An estimation step S540 with respect to the channels HOI and HI 1to which the
preamble with respect to each of the receiving antennas has not been sent is executed
simultaneously with step S520. That is, achannel with respect to each of the receiving
antennas is estimated by employing the pilot channel estimation values of the pilots
transmitted from the same transmitting antenna, of the pilots transmitted through the
channels HOI and HII  (S540).

In this case, the channel can be estimated through interpolation of the symbol axis
and the frequency axis employing the pilot channel estimation values of the pilots
transmitted from the same transmitting antenna.

It has been illustrated that in FIG. 20, step S520 and step S540 are performed at the
same time. However, thisisonly an example, and step S540 may be performed
anterior to step S520 or step S540 may be performed posterior to step S530.

FIG. 21isadetailed operational flowchart with respect to step S530 illustrated in
FIG. 20.

Referring to FIG. 21, in the step of estimating the channel with respect to each of
the recelving antennas using the improved pilot channel estimation value, achannel of
asymbol axis with respect to each of the receiving antennas is estimated by in-
terpolating the improved pilot channel estimation value along a symbol axis according
to the Equations 2 and 3 (S531).

In this case, in the symbol axis, in the case of achannel not located between the
improved pilot channel estimation values, apilot channel estimation value of the
improved pilot channel estimation values, which islocated at the nearest symbol index,
can be copied to achannel not located between the improved pilot channel estimation
values.

In this case, in the symbol axis, in the case of achannel located between apilot
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[307]

[308]

[309]

[310]

[311]

[312]

[313]

[314]

[315]

channel estimation value having the smallest symbol index, of the improved pilot
channel estimation values, and apreamble channel estimation value, the channel
located between the pilot channel estimation value having the smallest symbol index
and the preamble channel estimation value can be estimated through interpolation of
the improved pilot channel estimation value having the smallest symbol index and the
preamble channel estimation value.

If the channel of the symbol axisis estimated, the channel of the frequency axis
with respect to each of the receiving antennas is estimated by interpolating the channel
estimated as the symbol axis as the frequency axis (S532).

In this case, in the case of achannel not located between channels estimated as the
symbol axis, the nearest channel of the channels estimated as the symbol axis can be
copied to the channel not located between the estimated channels.

FIG. 22 is adetailed operational flowchart with respect to step S540 illustrated in
FIG. 20.

Referring to FIG. 22, in the step of estimating the channel with respect to each of
the recelving antennas by employing the pilot channel estimation values of the pilots
transmitted from the same transmitting antenna, a channel of a symbol axis with
respect to each of the receiving antennas is estimated by interpolating pilot channel
estimation values of pilots transmitted from the same transmitting antenna, of the pilots
transmitted from the transmitting antenna that does not transmit apreamble, along a
symbol axis (Sb41).

In this case, in the symbol axis, in the case of achannel not located between the
pilot channel estimation values of the pilots transmitted from the same transmitting
antenna, apilot channel estimation value located at the nearest symbol index, of the
pilot channel estimation values transmitted through the channel, can be copied to the
channel not located between the pilot channel estimation values transmitted through
the channdl.

If the channel of the symbol axis is estimated, a channel of afrequency axis with
respect to each of the receiving antennas is estimated by interpolating the channel,
estimated as the symbol axis, as the frequency axis (S542).

In this case, in the case of achannel not located between the channels estimated as
the symbol axis, the nearest channel of the channels estimated as the symbol axis can
be copied to the channel not located between the estimated channels.

FIG. 23 is an operational flowchart with respect to a channel estimation method
according to a second embodiment of the present invention. For reference, the channel
estimation method according to the second embodiment is concerned with the channel
estimation apparatus according to the second embodiment.

Referring to FIG. 23, in the channel estimation method in accordance with the



44

WO 2008/044888 PCT/KR2007/004986

[316]

[317]

[318]

[319]

[320]

[321]

[322]

[323]

[324]

present invention, received signals received through the plurality of recelving antennas,
respectively, are Fourier-transformed through FFT, and the received signals of the
baseband are thus transformed into signals of afrequency band (S610).

A channel with respect to each of the receiving antennas is estimated by employing
pilot channel estimation values of pilots transmitted from atransmitting antenna that
transmits a preamble, of pilots included in the received signals transformed into the
frequency band (S620).

In this case, the channel can be estimated by interpolating the pilot channel
estimation values of the pilots transmitted from the transmitting antenna that transmits
the preamble, along a symbol axis and afrequency axis.

A channel estimation value estimated with respect to each of the receiving antennas
is calculated by employing apreamble channel estimation value, and an improved
channel with respect to each of the receiving antennas is estimated through the
operation (S630).

In this case, such transform of the estimated channel estimation value into the
improved channel estimation value can be performed according to the above-
mentioned Equations 4 and 5.

In this case, such operation of the estimated channel estimation value and the
preamble channel estimation value is performed only when the preamble channel
estimation value and the estimated channel estimation value are located at the
subcarrier of the same frequency, so the estimated channel estimation valueis
transformed into the improved channel estimation value.

In the case of achannel estimation value estimated through interpolation of the pilot
channel estimation value and the preamble channel estimation value, of the estimated
channel estimation values, operation with the preamble channel estimation value is not
performed. In other words, the estimated channel estimation value becomes an
improved channel estimation value.

Step S640 of estimating a channel to which the preamble with respect to each of the
receiving antennas has not been sent is performed simultaneously with step S620. That
is, achannel with respect to each of the receiving antennas is estimated by employing
pilot channel estimation values of pilots, which are transmitted from the same
transmitting antenna, of the pilots transmitted from the transmitting antenna that has
not sent the preamble (S640).

In this case, the channel can be estimated through interpolation of the symbol axis
and the frequency axis employing the pilot channel estimation values of the pilots
transmitted from the same transmitting antenna, and an operation thereof isthe same as
that of FIG. 22 and will be thus omitted.

It has been described in FIG. 23 that step S620 and step S640 are performed at the



45

WO 2008/044888 PCT/KR2007/004986

same time. However, thisisonly an example, and step S640 may be performed
anterior to step S620 or step S640 may be performed posterior to step S630.

[325] FIG. 24 is adetailed operational flowchart with respect to step S620 illustrated in
FIG. 23.
[326] Referring to FIG. 24, the step of estimating an improved channel includes

estimating a channel of a symbol axis with respect to each of the receiving antennas by
interpolating the pilot channel estimation values of the pilots transmitted from the
transmitting antenna that transmits the preamble as the symbol axis (S621).

[327] In this case, in the case of achannel not located between the pilot channel
estimation values of the pilots transmitted from the transmitting antenna that transmits
the preamble in the symbol axis, apilot channel estimation value located the nearest
symbol index, of the pilot channel estimation values, can be copied to the channel not
located between the pilot channel estimation values.

[328] In this case, in the case of achannel located between apilot channel estimation
value having the smallest symbol index, of the pilot channel estimation values of the
pilots transmitted from the transmitting antenna that transmits the preamble, and a
preamble channel estimation value in the symbol axis, the channel can be estimated
through interpolation of the pilot channel estimation value having the smallest symbol
index and the preamble channel estimation value.

[329] If the channel of the symbol axis is estimated, a channel of afrequency axis with
respect to each of the receiving antennas is estimated by interpolating the channel,
estimated as the symbol axis, as the frequency axis (S622).

[330] In this case, in the case of achannel not located between channels estimated as the
symbol axis, the nearest channel estimation value of the channel estimation values
estimated as the symbol axis can be copied to the channel not located between the
estimated channel estimation values.

[331] FIG. 25is an operational flowchart with respect to a channel estimation method
according to athird embodiment of the present invention. For reference, the channel
estimation method according to the third embodiment is concerned with the channel
estimation apparatus according to the third embodiment.

[332] Referring to FIG. 25, in the channel estimation method in accordance with the
present invention, each channel is estimated by employing only pilot channel
estimation values of pilots transmitted from the plurality of transmitting antennas.

[333] The received signals of atime domain with the baseband are transformed into
signals of afrequency band by Fourier-transforming the received signals respectively
received by the plurality of receiving antennas through FFT (S710).

[334] Channels of a symbol axis for the respective receiving antennas are estimated by in-
terpolating pilot channel estimation values of pilots transmitted from the same
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[335]

[336]

[337]

[338]

[339]

[340]

transmitting antenna, of the pilots respectively included in the received signals of the
receiving antennas, along a symbol axis (S720). In other words, channels of a symbol
axis with respect to the two channels HOO, HOI related to the first receiving antenna
and the two channels HIO, HI 1related to the second receiving antenna are estimated.

In this case, in the symbol axis, in the case of achannel not located between pilot
channel estimation values of pilots transmitted through a corresponding channel, a
pilot channel estimation value located at the nearest symbol index, of the pilot channel
estimation values of the pilots transmitted through the corresponding channel, can be
copied to the channel not located between the pilot channel estimation values of the
pilots transmitted through the corresponding channel.

If the channel of the symbol axis is estimated, achannel of afrequency axis with
respect to each of the receiving antennas is estimated by interpolating the channel
estimated asthe symbol axis asthe frequency axis (S730).

In this case, in the case of achannel not located between the channels estimated as
the symbol axis, the nearest channel of the channels estimated asthe symbol axis can
be copied to the channel not located between the estimated channels.

Lastly, FIG. 26 is an operational flowchart with respect to a channel estimation
method according to afourth embodiment of the present invention. For reference, the
channel estimation method according to the fourth embodiment is concerned with the
channel estimation apparatus according to the fourth embodiment.

A pilot isextracted in the same manner asthat of the Equation 1described in step
S810. In step S820, TO estimation isthen performed using the extracted pilot (refer to
the TO estimation unit). In step S830, phase error according to the estimated TO is
then compensated for (refer to the TO compensation unit). In step S840, CFO isthen
estimated (refer to the CFO estimation unit). In step S850, phase error according to the
estimated CFO iscompensated for. Such compensation can be used to compensate for
error of an oscillator through an AFC, etc. In this case, either the compensation step of
CFO or the compensation step of TO may be performed first. Lastly, in step S860, the
entire channels are estimated by performing achannel response per subcluster basis on
the basis of aprevioudy stored weight value (refer to the channel estimation unit and
the weight value storage unit). Meanwhile, though not illustrated in FIG. 26, decoding
may be performed on STC and SM, respectively, subsequently to step S860.

Meanwhile, functions used in an apparatus and a method disclosed in the present
specification can be embodied in storage media that a computer can read as codes that
the computer can read. The storage media that the computer can read, include all sorts
of record devices in which data that can be read by a computer system is stored.
Examples of the storage media that the computer can read, include ROMs, RAMs, CD-
ROMs, magnetic tape, floppy discs, optic data storage devices, etc., and also, include
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[341]

things embodied in the form of carrier wave (e.g., transmission through the internet).
Furthermore, the storage media that the computer can read is distributed in a computer
system connected with networks. Then, the codes that the computer can read, are
stored in the distributed storage mediain adistribution scheme, and the codes can be
executed in the distribution scheme.

While the invention has been shown and described with reference to certain
exemplary embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the
spirit and scope of the invention. Therefore, the spirit and scope of the present
invention must be defined not by described embodiments thereof but by the appended
claims and equivalents of the appended claims.
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Claims

A channel estimation apparatus in a Multiple Input Multiple Output (MIMO)
wireless communication system supporting OFDM or OFDMA, the channel
estimation apparatus comprising:
afirst channel operation unit for carrying out an operation on pilot channel
estimation values of pilots, which are transmitted from atransmitting antenna
that transmits a preamble, as an improved pilot channel estimation value with
respect to each of aplurality of receiving antennas by employing apreamble
channel estimation value based on the preamble included in received signals
received by the plurality of receiving antennas, respectively;
afirst channel estimation unit for estimating achannel for each of the receiving
antennas through interpolation of a symbol axis and afrequency axis employing
the improved pilot channel estimation value; and
a second channel estimation unit for estimating a channel for each of the
receiving antennas through interpolation of asymbol axis and afrequency axis
employing pilot channel estimation values of pilots transmitted from the same
transmitting antenna, of pilots transmitted from atransmitting antenna that does
not transmit the preamble, of aplurality of transmitting antennas.
The channel estimation apparatus according to claim 1, wherein the first channel
operation unit carries out an operation on the pilot channel estimation value as an
improved pilot channel estimation value by employing the preamble channel
estimation value only when the preamble channel estimation value and the pilot
channel estimation values of the pilots transmitted from the transmitting antenna
that transmits the preamble are located at the same frequency.
The channel estimation apparatus according to claim 2, wherein the improved
pilot channel estimation value is decided according to the following Equation.
[Equation]

H(a,s) =WA(a,s) xH _pre(a,s) + W2(a, s) xH _pil(a, s)
("H" indicates the improved pilot channel estimation value, "WI" indicates a
preamble weight value, "H_pre" indicates the preamble channel estimation value,
"W2" indicates apilot weight value, "H_pil" indicates the pilot channel
estimation values of the pilots transmitted from the transmitting antenna, "a"
indicates a subcarrier index, and "s" indicates a symbol index).
The channel estimation apparatus according to claim 3, wherein the preamble
weight value and the pilot weight value are decided according to the following
Equation.
[Equation]
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(symbol offset is symbol offset based on a preamble)

The channel estimation apparatus according to claim 1, wherein the first channel
estimation unit comprises:

afirst symbol index channel estimation unit for estimating a channel of the
symbol axis with respect to each of the receiving antennas through interpolation
of the symbol axis employing the improved pilot channel estimation value with
respect to each of the receiving antennas; and

afirst frequency axis channel estimation unit for estimating a channel of the
frequency axis with respect to each of the receiving antennas through in-
terpolation of the frequency axis employing achannel estimation value estimated
as the symbol axis with respect to each of the receiving antennas.

The channel estimation apparatus according to claim 5, wherein the first symbol
index channel estimation unit copies an improved pilot channel estimation value
located at the nearest symbol index, of the improved pilot channel estimation
values, to a channel not located between the improved pilot channel estimation
values.

The channel estimation apparatus according to claim 5, wherein the first symbol
index channel estimation unit estimates achannel located between an improved
pilot channel estimation value having the smallest symbol index, of the improved
pilot channel estimation values, and the preamble channel estimation value
through interpolation of the improved pilot channel estimation value having the
smallest symbol index and the preamble channel estimation value.

The channel estimation apparatus according to claim 5, wherein the first
frequency axis channel estimation unit copies the nearest channel estimation
value of the channel estimation values estimated as the symbol axis to a channel
not located between the channel estimation values estimated as the symbol axis.
The channel estimation apparatus according to claim 1, wherein the second
channel estimation unit comprises:

asecond symbol index channel estimation unit for estimating a channel of the
symbol axis with respect to each of the receiving antennas through interpolation
of the symbol axis employing the pilot channel estimation values of the pilots
transmitted from the same transmitting antenna; and
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asecond frequency axis channel estimation unit for estimating a channel of the
frequency axis with respect to each of the receiving antennas through in-
terpolation of the frequency axis employing achannel estimation value estimated
as the symbol axis with respect to each of the receiving antennas.

The channel estimation apparatus according to claim 9, wherein the second
symbol index channel estimation unit copies apilot channel estimation vaue
located at the nearest symbol index, of the pilot channel estimation values of the
pilots transmitted from the same transmitting antenna, to a channel not located
between the pilot channel estimation values of the pilots transmitted from the
same transmitting antenna.

The channel estimation apparatus according to claim 9, wherein the second
frequency axis channel estimation unit copies the nearest channel estimation
value of channel estimation values estimated as the symbol axis to achannel not
located between the channel estimation values estimated as the symbol axis.
The channel estimation apparatus according to claim 1, wherein the pilot has a
symbol structure related to downlink Partial Usage of Sub-Channel (PUSC)
mode.

The channel estimation apparatus according to claim 1, wherein the com-
munication system is a system based on any one of IEEE 802. 16d/e standard,
WiBro, and WiMAX.

The channel estimation apparatus according to claim 1, wherein:

the recelved signals respectively received by the plurality of recelving antennas
include abaseband signal, and

the channel estimation apparatus further comprises a Fast Fourier Transform
(FFT) unit for Fourier-transforming the baseband signals received by the
receiving antenna.

A channel estimation apparatus in aMIMO wireless communication system
supporting OFDM or OFDMA, the channel estimation apparatus comprising:
afirst channel estimation unit for estimating achannel for each of aplurality of
receiving antennas through interpolation of asymbol axis and afrequency axis
employing pilot channel estimation values of pilots transmitted from a
transmitting antenna, which transmits apreamble included in recelved signals
received by the respective receiving antennas;

afirst channel operation unit for estimating an improved channel with respect to
each of the receiving antennas through operation of the estimated channel
estimation value and apreamble channel estimation value of the preamble; and
asecond channel estimation unit for estimating a channel for each of the
receiving antennas through interpolation of asymbol axis and afrequency axis
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employing pilot channel estimation values of pilots transmitted from the same
transmitting antenna, of pilots transmitted from atransmitting antenna that does
not transmit the preamble, of aplurality of transmitting antennas.

The channel estimation apparatus according to claim 15, wherein the first
channel estimation unit comprises:

afirst symbol index channel estimation unit for estimating a channel of the
symbol axis with respect to each of the receiving antennas through interpolation
of the symbol axis employing the pilot channel estimation values of the pilots;
and

afirst frequency axis channel estimation unit for estimating a channel of the
frequency axis with respect to each of the receiving antennas through in-
terpolation of the frequency axis employing channel estimation values estimated
along the symbol axis with respect to each of the receiving antennas.

The channel estimation apparatus according to claim 16, wherein the first
channel estimation unit copies apilot channel estimation value located at the
nearest symbol index, of the pilot channel estimation values of the pilots
transmitted from the transmitting antenna that transmits the preamble, to a
channel not located between the pilot channel estimation values of the pilots
transmitted from the transmitting antenna that transmits the preamble.

The channel estimation apparatus according to claim 16, wherein the first symbol
index channel estimation unit estimates achannel located between apilot
channel estimation value having the smallest symbol index, of the pilot channel
estimation values of the pilots transmitted from the transmitting antenna that t
ransmits the preamble, and the preamble channel estimation value through in-
terpolation of the pilot channel estimation value having the smallest symbol
index and the preamble channel estimation value.

The channel estimation apparatus according to claim 16, wherein the first
frequency axis channel estimation unit copies the nearest channel estimation
value of channel estimation values estimated as the symbol axis to achannel not
located between the channel estimation values estimated as the symbol axis.
The channel estimation apparatus according to claim 15, wherein the second
channel estimation unit comprises:

asecond symbol index channel estimation unit for estimating a channel of the
symbol axis with respect to each of the receiving antennas through interpolation
of the symbol axis employing the pilot channel estimation values of the pilots
transmitted from the same transmitting antenna; and

a second frequency axis channel estimation unit for estimating a channel of the
frequency axis with respect to each of the receiving antennas through in-
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terpolation of the frequency axis employing achannel estimation value estimated
as the symbol axis with respect to each of the receiving antennas.

The channel estimation apparatus according to claim 20, wherein the second
symbol index channel estimation unit copies apilot channel estimation value
located at the nearest symbol index, of the pilot channel estimation values of the
pilots transmitted from the same transmitting antenna, to a channel not located
between the pilot channel estimation values of the pilots transmitted from the
same transmitting antenna.

The channel estimation apparatus according to claim 20, wherein the second
frequency axis channel estimation unit copies the nearest channel estimation
value of the channel estimation values, estimated as the symbol axis, to the
channel not located between the channel estimation values estimated as the
symbol axis.

The channel estimation apparatus according to claim 15, wherein the first
channel operation unit estimates the improved channel by employing the
preamble channel estimation value only when the preamble channel estimation
value and the estimated channel estimation value are located the same frequency.
The channel estimation apparatus according to claim 23, wherein the improved
channel estimation value is decided according to the following Equation.
[Equation]

H\(a, s) =W3{a,s)xH _pre(a, s) + WA{a,s)x H _pill(a, s)

("HI" indicates the improved channel estimation value, "W3" indicates a
preamble weight value, "H_pre" indicates the preamble channel estimation value,
"W4" indicates the estimated channel weight value, "H_pil" indicates the
estimated channel estimation value, "a" indicates a subcarrier index, and "s"
indicates the symbol index).

The channel estimation apparatus according to claim 24, wherein t[Equation]

1

W3 = e
2 2
Wa4a=1- W3

(symbol offset is symbol offset on the basis of apreamble).

A channel estimation apparatus in aMIMO wireless communication system
supporting OFDM or OFDMA, the channel estimation apparatus comprising:
asymbol index channel estimation unit for estimating achannel of a symbol axis
with respect to each of aplurality of receiving antennas through interpolation of
asymbol axis employing pilot channel estimation values of pilots transmitted
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from the same transmitting antenna, of pilots transmitted from aplurality of
transmitting antennas; and

afrequency axis channel estimation unit for estimating achannel of afrequency
axis with respect to each of the receiving antennas through interpolation of the
frequency axis employing the channel estimation value estimated as the symbol
axis with respect to each of the receiving antennas.

The channel estimation apparatus according to claim 26, wherein the symbol
index channel estimation unit copies apilot channel estimation value located at
the nearest symbol index, of the pilot channel estimation values of the pilots
transmitted from the same transmitting antenna, to a channel not located between
the pilot channel estimation values of the pilots transmitted from the same
transmitting antenna.

The channel estimation apparatus according to claim 26, wherein the frequency
axis channel estimation unit copies the nearest channel estimation value of the
channel estimation values, estimated as the symbol axis, to achannel not located
between the channel estimation values estimated as the symbol axis.

A channel estimation apparatus in aMIMO wireless communication system
supporting OFDM or OFDMA, the channel estimation apparatus comprising:
afirst channel operation unit for carrying out an operation on pilot channel
estimation values of pilots as improved pilot channel estimation values by
employing apreamble channel estimation value of apreamble, of the preamble
and the pilots included in afirst received signal received from afirst transmitting
antenna through afirst receiving antenna;

afirst channel estimation unit for estimating achannel with respect to the first
received signa through interpolation of asymbol axis and afrequency axis
employing the improved pilot channel estimation value; and

a second channel estimation unit for estimating a channel with respect to a
second received signal, received from a second transmitting antenna through the
first receiving antenna, through interpolation of a symbol axis and a frequency
axis employing pilot channel estimation values based on pilots included in the
second received signal.

The channel estimation apparatus according to claim 29, further comprising:
athird channel operation unit for carrying out an operation on apilot channel
estimation value based on pilots included in athird received signal, received
from the first transmitting antenna through a second receiving antenna, as an
improved pilot channel estimation value by employing apreamble channel
estimation value based on apreamble included in the third received signal, of the
preamble and the pilots included in the third received signal;
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athird channel estimation unit for estimating achannel with respect to the third
received signal through interpolation of a symbol axis and a frequency axis by
employing the improved pilot channel estimation value of the pilots include in
the third received signal; and

afourth channel estimation unit for estimating a channel with respect to afourth
received signal, received from the second transmitting antenna through the
second receiving antenna, through interpolation of a symbol axis and afrequency
axis by employing apilot channel estimation value based on pilots included in a
fourth received signal.

A channel estimation apparatus in aMIMO wireless communication system
supporting OFDM or OFDMA, the channel estimation apparatus comprising:
afirst channel estimation unit for estimating achannel with respect to afirst
received signal, taken from afirst transmitting antenna through afirst receiving
antenna, through interpolation of asymbol axis and afrequency axis employing
pilot channel estimation values of pilots, of apreamble and the pilots included in
the first received signal;

afirst channel operation unit for estimating an improved channel with respect to
the first received signal through operation of the estimated channel estimation
value and apreamble channel estimation value of the preamble; and

a second channel estimation unit for estimating a channel with respect to a
second received signal, received from a second transmitting antenna through the
first receiving antenna, through interpolation of a symbol axis and a frequency
axis employing apilot channel estimation value based on pilots included in the
second received signal.

The channel estimation apparatus according to claim 31, further comprising:
athird channel estimation unit for estimating achannel with respect to athird
received signal received from the first transmitting antenna from a second
receiving antenna through interpolation of a symbol axis and afrequency axis
employing apilot channel estimation value based on pilots included in the third
received signal, of apreamble and the pilots included in the third received signd;
athird channel operation unit for estimating an improved channel with respect to
the third received signal through operation of the channel estimation value
estimated with respect to the third received signal and a preamble channel
estimation value based on the preamble included in the third received signal; and
aforth channel estimation unit for estimating a channel with respect to aforth
received signal, received from a second transmitting antenna through the second
receiving antenna, through interpolation of asymbol axis and afrequency axis
employing apilot channel estimation value based on pilots included in the forth
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[33] A channel estimation apparatus in aMIMO wireless communication system

[34]

[35]

[36]

[37]

supporting OFDM or OFDMA, the channel estimation apparatus comprising:
first and second symbol axis channel estimation units for estimating channels of
asymbol axis with respect to first and second received signals, respectively,
which are received through afirst receiving antenna, through interpolation of the
symbol axis employing apilot channel estimation value based on pilots included
in the first and second received signals; and

first and second frequency axis channel estimation units for estimating channels
of afrequency axis with respect to the first and second received signals through
interpolation of the frequency axis employing the channel estimation values of
the symbol axis of the first and second received signals.

The channel estimation apparatus according to claim 33, further comprising:
third and fourth symbol index channel estimation units for estimating channels of
asymbol axis with respect to third and fourth received signals, respectively,
which are received through a second receiving antenna, through interpolation of
the symbol axis employing pilot channel estimation values based on pilots
included in the third and fourth received signals; and

third and fourth frequency axis channel estimation units for estimating channels
of afrequency axis with respect to the third and fourth received signals through
interpolation of the frequency axis employing the channel estimation values of
the symbol axis of the third and fourth channel received signals.

A channel estimation apparatus in awireless communication system supporting
OFDM or OFDMA, the channel estimation apparatus comprising:

aTO estimation unit for estimating time offset using areceived signal;

aTO compensation unit for compensating for phase error using the estimated
time offset;

aweight value storage unit configured to store predetermined calculated weight
values; and

at least one channel estimation unit for estimating a channel of the received
signal by employing the product of pilot channel estimation values, with respect
to the received signal whose time offset has been compensated for, and the
weight values.

The channel estimation apparatus according to claim 35, wherein a cluster
comprises three subclusters.

The channel estimation apparatus according to claim 35, wherein the weight
value storage unit is configured to store weight values with respect to pilots
having a number decided according to a symbol index and apilot pattern of a
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[38] The channel estimation apparatus according to claim 35, wherein the weight

[39]

[40]

[41]

[42]

[43]

[44]

values are decided according to arelative symbol distance ratio of pilots
disposed on the basis of a subcluster.

The channel estimation apparatus according to claim 35, wherein aweight value
with respect to apilot disposed close to the subcluster is greater than aweight
value with respect to apilot disposed far from the subcluster.

The channel estimation apparatus according to claim 35, wherein the channel
estimation unit estimates the channel per subcluster basis.

The channel estimation apparatus according to claim 35, wherein the TO
estimation unit comprises:

afirst phase difference operator for carrying out an operation on a phase
difference according to time offset by employing at |east two preambles or pilots
with respect to the received signal;

afirst phase difference accumulator for accumulating the phase difference;
afirst liner phase operator for converting an accumulated value of the phase
difference into alinear phase according to the time offset; and

atime offset operator for transforming the linear phase into the time offset.

The channel estimation apparatus according to claim 35, further comprising:
aCFO estimation unit for estimating carrier frequency offset by employing
signals of afrequency domain; and

a CFO compensation unit for compensating for error generated when passing the
wireless channel by employing the estimated carrier frequency offset.

The channel estimation apparatus according to claim 42, wherein the CFO
estimation unit comprises:

a second phase difference operator for carrying out an operation on a phase
difference according to carrier frequency offset by extracting at least two pilots
with respect to the received signal having compensated time offset;

a second phase difference accumulator for accumulating the phase difference;
asecond liner phase operator for converting an accumulated value of the phase
difference into alinear phase according to the carrier frequency offset;

acarrier frequency offset operator for converting the linear phase into the carrier
frequency offset; and

aparameter converter for converting the carrier frequency offset, measured as a
radian unit, into aHertz (Hz) unit.

The channel estimation apparatus according to claim 35, wherein the received
signals comprise at least one of received signals of first and second channels
received through afirst receiving antenna of aplurality of receiving antennas,



57

WO 2008/044888 PCT/KR2007/004986

[45]

[46]

[47]

[48]

and received signals of third and fourth channels received through a second
receiving antenna.
A channel estimation method in aMIMO wireless communication system
supporting OFDM or OFDMA, the method comprising the steps of:
carrying out an operation on pilot channel estimation values of pilots, which are
transmitted from atransmitting antenna that transmits a preamble, as an
improved pilot channel estimation value with respect to each of aplurality of
receiving antennas by employing apreamble channel estimation value based on
the preamble included in received signals received by the plurality of receiving
antennas, respectively;
estimating a channel for each of the receiving antennas through interpolation of a
symbol axis and afrequency axis employing the improved pilot channel
estimation value; and
estimating a channel for each of the receiving antennas through interpolation of a
symbol axis and afrequency axis employing pilot channel estimation values of
pilots transmitted from the same transmitting antenna, of pilots transmitted from
atransmitting antenna that does not transmit the preamble, of aplurality of
transmitting antennas.
The channel estimation method according to claim 45, wherein the step of
carrying out an operation on pilot channel estimation values of pilots, which are
transmitted from atransmitting antennathat transmits apreamble, as an
improved pilot channel estimation value with respect to each receiving antennas
comprises the step of carrying out an operation on the pilot channel estimation
value as an improved pilot channel estimation value by employing the preamble
channel estimation value only when the preamble channel estimation value and
the pilot channel estimation values of the pilots transmitted from the transmitting
antenna that transmits the preamble are located at the same frequency.
The channel estimation method according to claim 46, wherein the improved
pilot channel estimation value is decided according to the following Equation.
[Equation]

H(a,s) =W\(a,s)xH _pre(a, s) + W2{o,s) xH _pil(a, s)
("H" indicates the improved pilot channel estimation value, "WI" indicates a
preamble weight , "H_pre" indicates the preamble channel estimation value,
"W2" indicates apilot weight value, "H_pil" indicates the pilot channel
estimation values of the pilots transmitted from the transmitting antenna, "a"
indicates a subcarrier index, and "s' indicates a symbol index).
The channel estimation method according to claim 47, wherein the preamble
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weight and the pilot weight value are decided according to the following
Equation.
[Equation]

1

symbol oflset+2

2 2

WI =

W2 =\-WI

(symbol offset is symbol offset based on a preamble)

The channel estimation method according to claim 45, wherein the step of
estimating a channel with respect to each of the receiving antennas through in-
terpolation of a symbol axis and afrequency axis employing the improved pilot
channel estimation value comprises the steps of:

estimating a channel of the symbol axis with respect to each of the receiving
antennas through interpolation of the symbol axis employing the improved pilot
channel estimation value with respect to each of the receiving antennas; and
estimating a channel of the frequency axis with respect to each of the receiving
antennas through interpolation of the frequency axis employing a channel
estimation value estimated as the symbol axis with respect to each of the
receiving antennas.

The channel estimation method according to claim 49, wherein the step of
estimating a channel of the symbol axis with respect to each receiving antenna
comprises copying apilot channel estimation value located at the nearest symbol
index, of the improved pilot channel estimation values, to achannel not located
between the improved pilot channel estimation values.

The channel estimation method according to claim 49, wherein the step of
estimating a channel of the symbol axis with respect to each receiving antenna
comprises estimating a channel located between an improved pilot channel
estimation value having the smallest symbol index, of the improved pilot channel
estimation values, and the preamble channel estimation value through in-
terpolation of the improved pilot channel estimation value having the smallest
symbol index and the preamble channel estimation value.

The channel estimation method according to claim 49, wherein the step of
estimating a channel of the frequency axis with respect to each receiving antenna
comprises copying the nearest channel estimation value of the channel estimation
values estimated as the symbol axis to achannel not located between the channel
estimation values estimated as the symbol axis.
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The channel estimation method according to claim 45, wherein the step of
estimating a channel with respect to each of the receiving antennas through in-
terpolation of a symbol axis and afrequency axis employing pilot channel
estimation values of pilots transmitted from the same transmitting antenna
comprises the steps of:

estimating achannel of the symbol axis with respect to each of the receiving
antennas through interpolation of the symbol axis employing the pilot channel
estimation values of the pilots transmitted from the same transmitting antenna;
and

estimating achannel of the frequency axis with respect to each of the receiving
antennas through interpolation of the frequency axis employing a channel
estimation value estimated asthe symbol axis with respect to each of the
receiving antennas.

The channel estimation method according to claim 53, wherein the step of
estimating achannel of the symbol axis with respect to each of the receiving
antennas comprises copying apilot channel estimation value located at the
nearest symbol index, of the pilot channel estimation values of the pilots
transmitted from the same transmitting antenna, to a channel not located between
the pilot channel estimation values of the pilots transmitted from the same
transmitting antenna.

The channel estimation method according to claim 53, wherein the step of
estimating achannel of the frequency axis with respect to each of the receiving
antennas comprises copying the nearest channel estimation value of channel
estimation values estimated as the symbol axis to achannel not located between
the channel estimation values estimated as the symbol axis.

The channel estimation method according to claim 45, wherein the pilot has a
symbol structure related to downlink PUSC mode.

The channel estimation method according to claim 45, wherein the com-
munication system is a system based on any one of IEEE 802. 16d/e standard,
WiBro, and WiMAX.

The channel estimation method according to claim 45, wherein the step of
carrying out an operation on pilot channel estimation values of pilots, which are
transmitted from atransmitting antenna that transmits apreamble, as an
improved pilot channel estimation value with respect to each of aplurality of
receiving antennas is performed posterior to the step of Fourier-transforming
received signals received through the plurality of receiving antenna, respectively.
A channel estimation method in aMIMO wireless communication system
supporting OFDM or OFDMA, the method comprising the steps of:
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estimating a channel for each of aplurality of receiving antennas through in-
terpolation of a symbol axis and afrequency axis employing pilot channel
estimation values of pilots transmitted from atransmitting antenna, which
transmits a preamble included in received signals received by each of the
receiving antennas;

estimating an improved channel with respect to each of the receiving antennas
through operation of the estimated channel estimation value and apreamble
channel estimation value of the preamble; and

estimating a channel for each of the receiving antennas through interpolation of a
symbol axis and afrequency axis employing pilot channel estimation values of
pilots transmitted from the same transmitting antenna, of pilots transmitted from
atransmitting antenna that does not transmit the preamble, of aplurality of
transmitting antennas.

[60] The channel estimation method according to claim 59, wherein the step of
estimating a channel with respect to each of the receiving antennas through in-
terpolation of a symbol axis and afrequency axis employing pilot channel
estimation values of pilots transmitted from atransmitting antenna that transmits
the preamble comprises the steps of:
estimating a channel of the symbol axis with respect to each of the receiving
antennas through interpolation of the symbol axis employing the pilot channel
estimation values of the pilots; and
estimating a channel of the frequency axis with respect to each of the receiving
antennas through interpolation of the frequency axis employing a channel
estimation value estimated as the symbol axis with respect to each of the
receiving antennas.

[61] The channel estimation method according to claim 60, wherein the step of
estimating a channel of the symbol axis with respect to each of the receiving
antennas comprises copying apilot channel estimation value located at the
nearest symbol index, of the pilot channel estimation values of the pilots
transmitted from the transmitting antenna that transmits the preamble, to a
channel not located between the pilot channel estimation values of the pilots
transmitted from the transmitting antenna that transmits the preamble.

[62] The channel estimation method according to claim 60, wherein the step of
estimating a channel of the symbol axis with respect to each of the receiving
antennas comprises estimating a channel located between apilot channel
estimation value having the smallest symbol index, of the pilot channel
estimation values of the pilots transmitted from the transmitting antenna that
transmits the preamble, and the preamble channel estimation value through in-
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terpolation of the pilot channel estimation value having the smallest symbol
index and the preamble channel estimation value.

The channel estimation method according to claim 60, wherein the step of
estimating a channel of the frequency axis with respect to each of the receiving
antennas comprises copying the nearest channel estimation value of channel
estimation values estimated as the symbol axis to achannel not located between
the channel estimation values estimated as the symbol axis.

The channel estimation method according to claim 59, wherein the step of
estimating a channel with respect to each of the receiving antennas through in-
terpolation of a symbol axis and afrequency axis employing pilot channel
estimation values of pilots transmitted from the same transmitting antenna
comprises the steps of:

estimating a channel of the symbol axis with respect to each of the receiving
antennas through interpolation of the symbol axis employing the pilot channel
estimation values of the pilots transmitted from the same transmitting antenng;
and

estimating a channel of the frequency axis with respect to each of the receiving
antennas through interpolation of the frequency axis employing a channel
estimation value estimated as the symbol axis with respect to each of the
receiving antennas.

The channel estimation method according to claim 64, wherein the step of
estimating a channel of the symbol axis with respect to each of the receiving
antennas comprises copying apilot channel estimation value located at the
nearest symbol index, of the pilot channel estimation values of the pilots
transmitted from the same transmitting antenna, to a channel not located between
the pilot channel estimation values of the pilots transmitted from the same
transmitting antenna.

The channel estimation method according to claim 64, wherein the step of
estimating a channel of the frequency axis with respect to each of the receiving
antennas comprises copying the nearest channel estimation value of the channel
estimation values, estimated as the symbol axis, to the channel not located
between the channel estimation values estimated as the symbol axis.

The channel estimation method according to claim 59, wherein the step of
estimating the improved channel comprises estimating the improved channel by
employing the preamble channel estimation value only when the preamble
channel estimation value and the estimated channel estimation value are located
the same frequency.

The channel estimation method according to claim 67, wherein the improved
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channel estimation value is decided according to the following Equation.
[Equation]

H\{a,s) =W3(a, s) xH _pre{a,s) + WA(a, s) xH _pill(a, s)

("HI" indicates the improved channel estimation value, "W3" indicates a
preamble weight value, "H_pre" indicates the preamble channel estimation value,
"W4" indicates the estimated channel weight value, "H_pil" indicates the
estimated channel estimation value, "a" indicates a subcarrier index, and "s"
indicates the symbol index).

The channel estimation method according to claim 68, wherein the preamble
weight value and the estimated channel weight value are decided according to
the following Equation.

[Equation]
_ 1
IV3 = —rporama+z
2 2
W4 =1-W3

(symbol offset is symbol offset on the basis of apreamble).

A channel estimation method in aMIMO wireless communication system
supporting OFDM or OFDMA, the channel estimation method comprising the
steps of:

estimating a channel of asymbol axis with respect to each of aplurality of
receiving antennas through interpolation of asymbol axis employing pilot
channel estimation values of pilots transmitted from the same transmitting
antenna, of pilots transmitted from aplurality of transmitting antennas; and
estimating a channel of afrequency axis with respect to each of the receiving
antennas through interpolation of the frequency axis employing the channel
estimation value estimated asthe symbol axis with respect to each of the
receiving antennas.

The channel estimation method according to claim 70, wherein the step of
estimating a channel of the symbol axis with respect to each of aplurality of
receiving antennas comprises copying apilot channel estimation value located at
the nearest symbol index, of the pilot channel estimation values of the pilots
transmitted from the same transmitting antenna, to a channel not located between
the pilot channel estimation values of the pilots transmitted from the same
transmitting antenna.

The channel estimation method according to claim 70, wherein the step of
estimating a channel of the frequency axis with respect to each of aplurality of
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[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

receiving antennas comprises copying the nearest channel estimation value of the
channel estimation values, estimated as the symbol axis, to achannel not located
between the channel estimation values estimated as the symbol axis.

A computer-readable recording medium in which aprogram for executing the
method according to any one of claims 45to 72 is recorded.

A channel estimation method in awireless communication system supporting
OFDM or OFDMA, the method comprising the steps of:

(@) compensating for error according to time offset and/or carrier frequency
offset by extracting pilots from areceived signal; and

(b) estimating achannel with respect to the received signal by employing the
product of channel estimation values of the pilots whose error has been
compensated for and predetermined weight values.

The channel estimation method according to claim 74, wherein the step (b)
comprises estimating the channel on a subcluster basis, wherein the subcluster is
formed by dividing acarrier in a subcarrier index direction.

The channel estimation method according to claim 74, wherein the weight values
are decided according to arelative symbol distance ratio of pilots disposed on the
basis of a subcluster.

The channel estimation method according to claim 74, wherein aweight value
with respect to apilot disposed close to the subcluster, of the weight values, is
greater than aweight value with respect to apilot disposed far from the
subcluster, of the weight values.

The channel estimation method according to claim 74, wherein the received
signals comprise at least one of received signals of first and second channels
received through afirst receiving antenna of aplurality of receiving antennas,
and received signals of third and fourth channels received through a second
receiving antenna.

A channel estimation method in awireless communication system supporting
OFDM or OFDMA, the method comprising the steps of:

(@) finding apilot channel estimation value with respect to pilots obtained from
each cluster; and

(b) estimating achannel by employing weight values, which are predetermined
based on at |east one of interpolation on atime axis, interpolation on afrequency
axis and an moving average, and the pilot channel estimation value.

The channel estimation method according to claim 79, wherein the cluster
comprises three subclusters.

The channel estimation method according to claim 79, wherein the step (b)
includes estimating the channel on a subcluster basis.
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[82]

[83]

[84]

[85]

[86]

[87]

The channel estimation method according to claim 79, wherein the weight values
are weight values with respect to pilots having anumber decided according to a
symbol index and apilot pattern of a subcluster.

The channel estimation method according to claim 79, wherein the step (b)
includes estimating the channel in aproduct form of the weight value and the
pilot channel estimation value.

A channel estimation method in awireless communication system supporting
OFDM or OFDMA, the method comprising the steps of:

(@) finding apilot channel estimation value with respect to apilot obtained in a
subcarrier frequency allocation unit; and

(b) estimating achannel by employing weight values, which are predetermined
based on at least one of interpolation on atime axis, interpolation on afrequency
axis and an moving average, and the pilot channel estimation value.

The channel estimation method according to claim 84, wherein in the subcarrier
frequency allocation unit, the channel is estimated based on a subcarrier
frequency alocation subunit divided into aplurality of subcarriers in an index
direction of asubcarrier.

The channel estimation method according to claim 84, wherein the weight value
is aweight value with respect to pilots having a number, which is decided
according to a symbol index and apilot pattern of the subcarrier frequency
allocation subunit, and is previously calculated.

The channel estimation method according to claim 84, wherein the step (b)
includes carrying out an operation on the channel estimation value in aproduct
form of the weight value and the pilot channel estimation value.
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