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(57) ABSTRACT 

iggliipcogdince ‘address: A channel estimation apparatus of the present invention 
aw roup includes a preamble channel operation unit for carrying out 

3500 188th street s-WH SUITE 103 an operation on pilot channel estimation values of pilots, 
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mits a preamble, as an improved pilot channel estimation 
(73) AssigneeZ POSDATA CO_ LTD value by employing a preamble channel estimation value 

Gyeonggi_do (K’R) ’ based on a preamble'included in received signals respectively 
received by a plurality of rece1v1ng antennas, a ?rst channel 
estimation unit for estimating a channel for each of the receiv 

(21) App1.NO.I 12/445,129 ing antennas through interpolation of a symbol axis and a 
frequency axis employing the improved pilot channel estima 

- _ tion value, and a second channel estimation unit for estimat 
(22) PCT Flled' Oct‘ 11’ 2007 ing a channel for each of the receiving antennas through 

interpolation of a symbol axis and a frequency axis employ 
(86) PCT No.: PCT/KR2007/ 004986 ing pilot channel estimation values of pilots transmitted from 

the same transmitting antenna, of pilots transmitted from a 
§ 371 (c)(1), transmitting antenna that does not transmit the preamble, of a 
(2), (4) Date: Apr. 10, 2009 plurality of transmitting antennas. 
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[Fig. 3] 
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[Fig. 12] 
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[Fig. 16] 
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[Fig. 17] 
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[Fig. 18] 
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[Fig. 20] 
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[Fig. 22] 
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[Fig. 24] 
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[Fig. 26] 
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APPARATUS AND METHOD FOR 
ESTIMATING CHANNEL IN OFDM/OFDMA 
BASED WIRELESS COMMUNICATION 

SYSTEM 

TECHNICAL FIELD 

[0001] The present invention relates to an apparatus and 
method for estimating a channel in a Wireless communication 
system and, more particularly, to an apparatus and method for 
estimating a channel in a Multiple Input Multiple Output 
(MIMO) Wireless communication system in Which IEEE 802. 
l6d/e, WiBro, and WiMAX standard speci?cations are used 
and Orthogonal Frequency Division Multiplexing (OFDM) 
or Orthogonal Frequency Division Multiplexing Access 
(OFDMA) is supported. 

BACKGROUND ART 

[0002] 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 a 
time-variable characteristic of a received signal since the 
mobile station or radio Wave obstacles are moved. 

[0003] A multi-path betWeen the base station and the 
mobile station has paths of different lengths, and has a delay 
spread characteristic in Which a received signal is lengthily 
extended. A Wireless packet channel has time selective fading 
Where a channel is varied according to time due to this char 
acteristic and frequency selective fading having frequency 
components of different siZes and phases due to delay recep 
tion through multiple paths having a variety of lengths, result 
ing in the distortion of a transmission signal. 
[0004] These channel characteristics have different siZes 
and phases according to time and path. In order to obtain an 
original transmission signal from a received signal, channel 
state information of the transmission signal, Which is related 
to the signal distortion, needs to be knoWn. As Well knoWn to 
those having ordinary skill in the art, a training symbol that is 
previously de?ned betWeen a transmitter and a receiver is 
necessary in order to estimate a channel in a mobile 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 a preamble and a pilot. 
[0005] The preamble is transmitted through a ?rst OFDMA 
symbol of the entire doWnlink frame, and the pilot is trans 
mitted through the entire OFDMA symbols of a doWnlink 
frame except for the preamble. Therefore, in a communica 
tion mobile station, a channel has to be estimated by employ 
ing the preamble and/ or the pilot, and an original transmission 
signal has to be acquired from a received signal by employing 
the estimated channel. 

DISCLOSURE OF INVENTION 

Technical Problem 

[0006] Accordingly, the present invention has been made to 
ful?ll the above needs, and an object of the present invention 
is to provide an apparatus and method for estimating a chan 
nel in a MIMO Wireless communication system supporting 
OFDM or OFDMA. 

[0007] Another object of the present invention is to provide 
an apparatus and method for estimating a channel by employ 
ing a pilot channel estimation value of a doWnlink Partial 
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Usage of Sub-Channels (PUSC) mode included in received 
signals received by a plurality of receiving antennas. 
[0008] A further object of the present invention is to pro 
vide an apparatus and method for estimating a channel by 
employing a preamble channel estimation value and pilot 
channel estimation values of pilots transmitted from a plural 
ity of transmitting antennas. 
[0009] Yet another object of the present invention is to 
provide an apparatus and method for estimating a channel 
through interpolation of a preamble channel estimation value 
and a pilot channel estimation value. 
[0010] Still another object of the present invention is to 
provide an apparatus and method for estimating a channel by 
carrying out an operation on a channel, Which is estimated 
through interpolation of pilot channel estimation values, and 
a preamble channel estimation value and then employing the 
operation result. 
[0011] Still another object of the present invention is to 
provide an apparatus and method for estimating a channel by 
employing the pattern of pilots in a Wireless communication 
system supporting OFDM or OFDMA. 
[0012] Still another object of the present invention is to 
provide a channel estimation apparatus and method, Wherein 
a Weight value according to the pattern of pilots is previously 
determined off-line in a MIMO Wireless communication sys 
tem supporting OFDM or OFDMA, thus reducing complex 
ity When a receiving system estimate a channel. 

Technical Solution 

[0013] For the above objects, a channel estimation appara 
tus in a MIMO Wireless communication system supporting 
OFDM or OFDMA according to an aspect of the present 
invention includes a ?rst channel operation unit for carrying 
out an operation on pilot channel estimation values of pilots, 
Which are transmitted from a transmitting antenna that trans 
mits a preamble, as an improved pilot channel estimation 
value With respect to each of a plurality of receiving antennas 
by employing a preamble channel estimation value based on 
the preamble included in received signals received by the 
plurality of receiving antennas, respectively; a ?rst channel 
estimation unit for estimating a channel for each of the receiv 
ing antennas through interpolation of a symbol axis and a 
frequency axis employing the improved pilot channel estima 
tion value; and a second channel estimation unit for estimat 
ing a channel for each of the receiving antennas through 
interpolation of a symbol axis and a frequency axis employ 
ing pilot channel estimation values of pilots transmitted from 
the same transmitting antenna, of pilots transmitted from a 
transmitting antenna that does not transmit the preamble, of a 
plurality of transmitting antennas. 
[0014] A channel estimation apparatus in a MIMO Wireless 
communication system supporting OFDM or OFDMA 
according to an aspect of the present invention includes a ?rst 
channel estimation unit for estimating a channel for each of a 
plurality of receiving antennas through interpolation of a 
symbol axis and a frequency axis employing pilot channel 
estimation values of pilots transmitted from a transmitting 
antenna, Which transmits a preamble included in received 
signals received by the respective receiving antennas; a ?rst 
channel operation unit for estimating an improved channel 
With respect to each of the receiving antennas through opera 
tion of the estimated channel estimation value and a preamble 
channel estimation value of the preamble; and a second chan 
nel estimation unit for estimating a channel for each of the 



US 2010/0027698 A1 

receiving antennas through interpolation of a symbol axis and 
a frequency axis employing pilot channel estimation values of 
pilots transmitted from the same transmitting antenna, of 
pilots transmitted from a transmitting antenna that does not 
transmit the preamble, of a plurality of transmitting antennas. 
[0015] A channel estimation apparatus in a MIMO Wireless 
communication system supporting OFDM or OFDMA 
according to an aspect of the present invention includes a 
symbol index channel estimation unit for estimating a chan 
nel of a symbol axis With respect to each of a plurality of 
receiving antennas through interpolation of a symbol axis 
employing pilot channel estimation values of pilots transmit 
ted from the same transmitting antenna, of pilots transmitted 
from a plurality of transmitting antennas; and a frequency 
axis channel estimation unit for 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. 
[0016] A channel estimation apparatus in a MIMO Wireless 
communication system supporting OFDM or OFDMA 
according to an aspect of the present invention includes a ?rst 
channel operation unit for carrying out an operation on pilot 
channel estimation values of pilots as improved pilot channel 
estimation values by employing a preamble channel estima 
tion value of a preamble, of the preamble and the pilots 
included in a ?rst received signal received from a ?rst trans 
mitting antenna through a ?rst receiving antenna; a ?rst chan 
nel estimation unit for estimating a channel With respect to the 
?rst received signal through interpolation of a symbol axis 
and a frequency 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 ?rst 
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. 
[0017] A channel estimation apparatus in a MIMO Wireless 
communication system supporting OFDM or OFDMA 
according to an aspect of the present invention includes a ?rst 
channel estimation unit for estimating a channel With respect 
to a ?rst received signal, received from a ?rst transmitting 
antenna through a ?rst receiving antenna, through interpola 
tion of a symbol axis and a frequency axis employing pilot 
channel estimation values of pilots, of a preamble and the 
pilots included in the ?rst received signal; a ?rst channel 
operation unit for estimating an improved channel With 
respect to the ?rst received signal through operation of the 
estimated channel estimation value and a preamble channel 
estimation value of the preamble; and a second channel esti 
mation unit for estimating a channel With respect to a second 
received signal, received from a second transmitting antenna 
through the ?rst receiving antenna, through interpolation of a 
symbol axis and a frequency axis employing a pilot channel 
estimation value based on pilots included in the second 
received signal. 
[0018] A channel estimation apparatus in a MIMO Wireless 
communication system supporting OFDM or OFDMA 
according to an aspect of the present invention includes ?rst 
and second symbol axis channel estimation units for estimat 
ing channels of a symbol axis With respect to ?rst and second 
received signals, respectively, Which are received through a 
?rst receiving antenna, through interpolation of the symbol 
axis employing a pilot channel estimation value based on 
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pilots included in the ?rst and second received signals; and 
?rst and second frequency axis channel estimation units for 
estimating channels of a frequency axis With respect to the 
?rst and second received signals through interpolation of the 
frequency axis employing the channel estimation values of 
the symbol axis of the ?rst and second received signals. 
[0019] A channel estimation apparatus in a MIMO Wireless 
communication system supporting OFDM or OFDMA 
according to an aspect of the present invention includes a T0 
estimation unit for estimating time offset using a received 
signal; a T0 compensation unit for compensating for phase 
error using the estimated time offset; a Weight value storage 
unit con?gured to store predetermined calculated Weight val 
ues; 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. 
[0020] A channel estimation method in a MIMO Wireless 
communication system supporting OFDM or OFDMA 
according to 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 a transmitting 
antenna that transmits a preamble, as an improved pilot chan 
nel estimation value With respect to each of a plurality of 
receiving antennas by employing a preamble channel estima 
tion 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 a frequency 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 a frequency axis 
employing pilot channel estimation values of pilots transmit 
ted from the same transmitting antenna, of pilots transmitted 
from a transmitting antenna that does not transmit the pre 
amble, of a plurality of transmitting antennas. 
[0021] A channel estimation method in a MIMO Wireless 
communication system supporting OFDM or OFDMA 
according to an aspect of the present invention includes the 
steps of estimating a channel for each of a plurality of receiv 
ing antennas through interpolation of a symbol axis and a 
frequency axis employing pilot channel estimation values of 
pilots transmitted from a transmitting antenna, Which trans 
mits a preamble included in received signals received by the 
respective receiving antennas; estimating an improved chan 
nel 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 esti 
mating a channel for each of the receiving antennas through 
interpolation of a symbol axis and a frequency axis employ 
ing pilot channel estimation values of pilots transmitted from 
the same transmitting antenna, of pilots transmitted from a 
transmitting antenna that does not transmit the preamble, of a 
plurality of transmitting antennas. 
[0022] A channel estimation method in a MIMO Wireless 
communication system supporting OFDM or OFDMA 
according to an aspect of the present invention includes the 
steps of estimating a channel of a symbol axis With respect to 
each of a plurality 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 a plurality of transmitting antennas; 
and estimating a channel of a frequency axis With respect to 
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each of the receiving antennas through interpolation of the 
frequency axis employing the channel estimation value esti 
mated as the symbol axis with respect to each of the receiving 
antennas. 

[0023] A channel estimation method in a MIMO 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 frequency offset by extracting pilots from a 
received 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 compen 
sated for and predetermined weight values. 

ADVANTAGEOUS EFFECTS 

[0024] Accordingly, the present invention has an advantage 
in that it can increase the accuracy of channel estimation by 
employing a preamble channel estimation value of a pre 
amble and pilot channel estimation values of pilots transmit 
ted from a plurality of transmitting antennas in a MIMO 
communication system. 
[0025] Furthermore, the present invention can estimate a 
channel by employing a pilot channel estimation value of a 
downlink PUSC channel mode included in received signals 
received by a plurality of receiving antennas. 
[0026] Further, the present invention accuracy of channel 
estimation by estimating a channel through interpolation of a 
preamble channel estimation value and a pilot channel esti 
mation value. 
[0027] Furthermore, the present invention accuracy of 
channel estimation by carrying out an operation on a channel 
estimated through interpolation between a pilot channel esti 
mation value and a preamble channel estimation value. 
[0028] Further, the present invention channel estimation by 
estimating a channel by setting weight values differently 
according to pilot patterns. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a view illustrating an example of a frame 
structure used in an IEEE 802.16d/e-based portable Internet 
system; 
[0030] FIG. 2 is a view illustrating an example of preambles 
and pilots of a downlink PUSC mode of FIG. 1; 
[0031] FIG. 3 is a view illustrating the concept of a Single 
Input Single Output (SISO) system and a MIMO system; 
[0032] FIG. 4 is a view illustrating a signal transmission 
method between a transmitting antenna and a receiving 
antenna in a 2x2 MIMO system; 
[0033] FIG. 5 is a view illustrating a transmission con?gu 
ration of a preamble by a segment in accordance with the 
present invention; 
[0034] FIG. 6 is a view illustrating pilot patterns of a down 
link PUSC mode, which are respectively transmitted by a ?rst 
transmitting antenna and a second transmitting antenna in the 
2x2 MIMO system in relation to FIG. 2; 
[0035] FIG. 7 is a view illustrating a pilot and a data pattern 
received by the receiving antenna; 
[0036] FIG. 8 is a construction block diagram with respect 
to a channel estimation appara tus according to an embodi 
ment of the present invention; 
[0037] FIG. 9 is a detailed block diagram illustrating an 
embodiment of a ?rst channel estimation unit illustrated in 
FIG. 8; 
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[0038] FIG. 10 is a detailed block diagram illustrating an 
embodiment of a second channel estimation unit illustrated in 
FIG. 8; 
[0039] FIG. 11 is a constructionblock diagram with respect 
to a channel estimation apparatus according to a second 
embodiment of the present invention; 
[0040] FIG. 12 is a detailed block diagram illustrating an 
embodiment of a ?rst channel estimation unit illustrated in 
FIG. 11; 
[0041] FIG. 13 is a constructionblock diagram with respect 
to a channel estimation apparatus according to a third 
embodiment of the present invention; 
[0042] FIG. 14 is a detailed block diagram illustrating an 
embodiment of a ?rst channel estimation unit of FIG. 13; 
[0043] FIG. 15 is a constructionblock diagram with respect 
to a channel estimation apparatus according to a fourth 
embodiment of the present invention; 
[0044] FIG. 16 is a detailed block diagram illustrating an 
embodiment regarding a TO estimation unit illustrated in 
FIG. 15; 
[0045] FIG. 17 is a detailed block diagram illustrating an 
embodiment of a CFO estimation unit of FIG. 15. 
[0046] FIG. 18 is a ?owchart illustrating a method of car 
rying out an operation on weight value in accordance with the 
present invention; 
[0047] FIG. 19 is a view illustrating part of a frame struc 
ture for illustrating the weight value operation method of FIG. 
18; 
[0048] FIG. 20 is an operational ?owchart with respect to a 
channel estimation method according to a ?rst embodiment 
of the present invention; 
[0049] FIG. 21 is a detailed operational ?owchart with 
respect to step S530 illustrated in FIG. 20; 
[0050] FIG. 22 is a detailed operational ?owchart with 
respect to step S540 illustrated in FIG. 20; 
[0051] FIG. 23 is an operational ?owchart with respect to a 
channel estimation method according to a second embodi 
ment of the present invention; 
[0052] FIG. 24 is a detailed operational ?owchart with 
respect to step S620 illustrated in FIG. 23; 
[0053] FIG. 25 is an operational ?owchart with respect to a 
channel estimation method according to a third embodiment 
of the present invention; and 
[0054] FIG. 26 is an operational ?owchart with respect to a 
channel estimation method according to a fourth embodiment 
of the present invention. 

MODE FOR THE INVENTION 

[0055] The present invention will now be described in 
detail in connection with preferred embodiments with refer 
ence 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. 
[0056] Before detailed description, the term “communica 
tion mobile station” used in this speci?cation refers to a 
communication mobile station that supports an OFDM 
scheme or an OFDMA scheme, preferably, a communication 
mobile station that supports PUSC, Full Usage of Sub-Chan 
nels (FUSC), and Band Adaptation Modulation Coding 
(AMC) channel modes in a wireless communication system 
that uses IEEE 802.16d/e, WiBro, and WiMAX standard 
speci?cations. Further, only the PUSC channel mode is 
described in the detailed description of the present invention. 










































