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METHOD AND APPARATUS FOR
ESTIMATING COMMUNICATION CHANNEL
IN MOBILE COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION(S) AND CLAIM OF PRIORITY

[0001] The present application is related to and claims pri-
ority from and the benefit under 35 U.S.C. §119(a) of Korean
Patent Application No. 10-2014-0011055, filed on Jan. 29,
2014, which is hereby incorporated by reference for all pur-
poses as if fully set forth herein.

TECHNICAL FIELD

[0002] The present application relates generally to a
method and an apparatus for estimating a communication
channel in a mobile communication system, and more par-
ticularly to an apparatus and a method for expanding an
Iterative Detection and Decoding (IDD) scheme to perform
iterative channel estimation, detection, and decoding.

BACKGROUND

[0003] Inahigh speed wireless communication system, the
problem of inter-symbol interface occurs. Accordingly,
recent systems prefer Code Division Multiple Access
(CDMA) or Orthogonal Frequency Division Multiplexing
(OFDM) which does not generate the inter-symbol interfer-
ence problem.

[0004] In general, a mobile communication system was
developed to provide voice services while guaranteeing user
activity. However, currently mobile communication systems
have gradually expanded their service area to include data
service as well as voice service and have been developed to
provide high speed data service. Though, since resources are
lacking and users demand higher speed services in the mobile
communication system providing a current service, a more
improved mobile communication system is needed.

[0005] To meet these demands, standardization of Long
Term Evolution (LTE) is being progressed by the 3rd Gen-
eration Partnership Project (3GPP) as one of the next genera-
tion mobile communication systems that are being devel-
oped. LTE is a technology implementing high speed packet-
based communication having a transmission rate of a
maximum of 100 Mbps with the goal being to commercialize
LTE in 2010. To this end, several methods are being dis-
cussed, including a method of reducing the number of nodes
located on a communication channel by simplifying network
architecture, and a method of making wireless protocols
maximally close to wireless channels, and the like.

[0006] A Multiple Input Multiple Output (MIMO) wireless
communication system supports a MULTI USER (MU)-
MIMO mode to increase a system yield. Particularly, Long
Term Evolution-Advanced (LTE-A) considers a transmission
mode of up to a maximum of 8 layers.

[0007] Data streams corresponding to a maximum of 8
layers are properly allocated to users according to channel
states and scheduling schemes of the users, and support from
a Single User (SU)-MIMO mode to the MU-MIMO mode.
[0008] CDMA or OFDM is required to perform channel
estimation to compensate for distortion of a signal due to a
channel. Channel estimation methods may be classified into a
pilot symbol aided channel estimation method of transmitting
an appointed signal called a pilot and estimating a channel by
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using the pilot and a decision directed channel estimation
method of estimating a channel by using both the pilot symbol
and general data.

[0009] Further, in connection with this, technologies such
as full dimensional MIMO or massive MIMO which uses
many more input/output antennas based on LTE-A or the next
generation communication standard. In this case, a commu-
nication method and system considering the accuracy of
channel estimation and signal overhead according to trans-
mission/reception of pilot signals is required. More specifi-
cally, when signals are transmitted or received through more
antennas, transmission of more pilot signals is required to
acquire the same channel estimation as the number of anten-
nas increases. However, full dimensional MIMO or massive
MIMO uses a larger number of antennas in comparison with
previous MIMO. Accordingly, when the number of pilot sig-
nals increase, radio resources for transmission/reception of
the pilot signals have overhead and transfer volume of the
pilot signals may deteriorate.

[0010] The decision directed channel estimation method
uses not only pilots, but also general data for the channel
estimation, and uses determined data as if the data is the pilot
based on an assumption that the decision is accurate. When a
decision error is not generated, the decision directed channel
estimation method may use larger amounts of information to
acquire a better result compared to the pilot symbol aided
channel estimation.

[0011] In contrast, when a large number of decision errors
are generated, the conventional decision directed channel
estimation method may directly use a hard decision value of
the data channel. Accordingly, if an operation signal to noise
ratio is low, the symbol of the data channel having the error
rather acts as interference. Particularly, when a bit error rate is
high, the decision directed channel estimation method may
have the lower performance compared to the channel estima-
tion method using only the pilot channel. Further, the con-
ventional channel estimation method does not consider a
communication method including eight or more transmis-
sion/reception antennas or suggests only estimating the chan-
nel through MIMO communication using the number of
antennas used in the convention communication system.

SUMMARY

[0012] To address the above-discussed deficiencies, it is a
primary object to provide an apparatus and method for detect-
ing errors and re-estimating channels which re-estimate inac-
curate channels estimated through an interpolation process by
using decoded signals and acquire an improved log likelihood
ratio to increase the decoding performance of a reception
device through a turbo decoding unit during each iteration
process for channel estimation. Another aspect of embodi-
ments of the present disclosure is to use not only pilot signals,
but also data for the channel estimation.

[0013] In accordance with an aspect of the present disclo-
sure, a method for receiving a signal by a receiver in a mobile
communication system is provided. The method includes:
receiving a reference signal from a transmitter; determining
first channel information based on the received reference
signal; receiving a data signal based on the first channel
information; and determining second channel information
based on the received data signal and the first channel infor-
mation.

[0014] In accordance with another aspect of the present
disclosure, an apparatus of a mobile communication system is
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provided. The apparatus includes: at least one processor con-
figured to receive a reference signal from the transmitter, to
determine first channel information based on the received
reference signal, to receive a data signal based on the first
channel information, and to determine second channel infor-
mation based on the received data signal and the first channel
information.

[0015] According to embodiments of the present disclo-
sure, it is possible to perform iterative channel estimation and
reduce channel estimation errors by determining errors of
signals received from a turbo decoding unit and using symbol
information as pilots even in subcarriers where the pilot sig-
nals are not transmitted, and to increase the accuracy of LLR
calculation through an iteration process such as a detection
and decoding process in comparison with the conventional
technology, thereby increasing the reception performance of
the turbo decoding unit and improving communication effi-
ciency.

[0016] Before undertaking the DETAILED DESCRIP-
TION below, it may be advantageous to set forth definitions
of certain words and phrases used throughout this patent
document: the terms “include” and “comprise,” as well as
derivatives thereof, mean inclusion without limitation; the
term “or,” is inclusive, meaning and/or; the phrases “associ-
ated with” and “associated therewith,” as well as derivatives
thereof, may mean to include, be included within, intercon-
nect with, contain, be contained within, connect to or with,
couple to or with, be communicable with, cooperate with,
interleave, juxtapose, be proximate to, be bound to or with,
have, have a property of, or the like; and the term “controller”
means any device, system or part thereof that controls at least
one operation, such a device may be implemented in hard-
ware, firmware or software, or some combination of at least
two of the same. It should be noted that the functionality
associated with any particular controller may be centralized
or distributed, whether locally or remotely. Definitions for
certain words and phrases are provided throughout this patent
document, those of ordinary skill in the art should understand
that in many, if not most instances, such definitions apply to
prior, as well as future uses of such defined words and
phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] For a more complete understanding of the present
disclosure and its advantages, reference is now made to the
following description taken in conjunction with the accom-
panying drawings, in which like reference numerals represent
like parts:

[0018] FIG.1 is a block diagram of a receiver for perform-
ing an IDD scheme according to an embodiment of the
present disclosure;

[0019] FIG. 2 illustrates a channel detection process in a
wireless communication system according to an embodiment
of the present disclosure;

[0020] FIG. 3 is a block diagram of an iterative channel
re-estimation and decoding apparatus according to an
embodiment of the present disclosure;

[0021] FIG. 4 illustrates a channel re-estimation process in
a SISO system according to an embodiment of the present
disclosure;

[0022] FIG. Sillustrates a channel re-estimation process in
a MIMO system according to an embodiment of the present
disclosure;
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[0023] FIG. 6 is a flowchart illustrating an operation of a
transmitter according to embodiment of the present disclo-
sure;

[0024] FIG. 7 is a flowchart illustrating an operation of a
receiver according to embodiment of the present disclosure;
[0025] FIG. 8 is a flowchart illustrating a channel estima-
tion process according to embodiment of the present disclo-
sure;

[0026] FIG. 9 illustrates an MMSE estimation process in a
case of vectorization according to an embodiment of the
present disclosure;

[0027] FIG. 10 is a block diagram of an iterative channel
re-estimation and decoding apparatus according to another
embodiment of the present disclosure;

[0028] FIG. 11 illustrates a channel re-estimation process
using a virtual RS according to an embodiment of the present
disclosure;

[0029] FIG. 12 illustrates a virtual RS selection process
according to an embodiment of the present disclosure;
[0030] FIG. 13 illustrates a performance comparison result
in 2x2 MIMO according to an embodiment of the present
disclosure;

[0031] FIG. 14 illustrates a performance comparison result
in 4x4 MIMO according to an embodiment of the present
disclosure;

[0032] FIG. 15 illustrates an MSE performance compas-
sion result when a virtual RS is applied according to an
embodiment of the present disclosure;

[0033] FIG. 16 illustrates an MSE performance compari-
son result in 4x4 MIMO according to an embodiment of the
present disclosure;

[0034] FIG. 17 illustrates a BER performance comparison
result in 4x4 MIMO according to an embodiment of the
present disclosure;

[0035] FIG. 18 illustrates an MSE performance compari-
son result in 8x8 MIMO according to an embodiment of the
present disclosure;

[0036] FIG. 19 illustrates a BER performance comparison
result in 8x8 MIMO according to an embodiment of the
present disclosure;

[0037] FIG. 20 illustrates an MSE performance compari-
sonresultin 12x12 MIMO according to an embodiment of the
present disclosure; and

[0038] FIG. 21 illustrates a BER performance comparison
result in 12x12 MIMO according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0039] FIGS. 1 through 21, discussed below, and the vari-
ous embodiments used to describe the principles of the
present disclosure in this patent document are by way of
illustration only and should not be construed in any way to
limit the scope of the disclosure. Those skilled in the art will
understand that the principles of the present disclosure may
be implemented in any suitably arranged wireless communi-
cations system. Hereinafter, an embodiment of the present
disclosure will be described in detail with reference to the
accompanying drawings.

[0040] In describing the exemplary embodiments of the
present disclosure, descriptions related to technical contents
which are well-known in the art to which the present disclo-
sure pertains, and are not directly associated with the present
disclosure, will be omitted. Such an omission of unnecessary
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descriptions is intended to prevent obscuring of the main idea
of the present disclosure and more clearly transfer the main
idea.

[0041] Forthesamereason, in the accompanying drawings,
some elements may be exaggerated, omitted, or schemati-
cally illustrated. Further, the size of each element does not
entirely reflect the actual size. In the drawings, identical or
corresponding elements are provided with identical reference
numerals.

[0042] The advantages and features of the present disclo-
sure and ways to achieve them will be apparent by making
reference to embodiments as described below in detail in
conjunction with the accompanying drawings. However, the
present disclosure is not limited to the embodiments set forth
below, but may be implemented in various different forms.
The following embodiments are provided only to completely
disclose the present disclosure and inform those skilled in the
art of the scope of the present disclosure, and the present
disclosure is defined only by the scope of the appended
claims. Throughout the specification, the same or like refer-
ence numerals designate the same or like elements.

[0043] Here, it will be understood that each block of the
flowchart illustrations, and combinations of blocks in the
flowchart illustrations, can be implemented by computer pro-
gram instructions. These computer program instructions can
be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the instruc-
tions, which execute via the processor of the computer or
other programmable data processing apparatus, create means
for implementing the functions specified in the flowchart
block or blocks. These computer program instructions also
can be stored in a computer usable or computer-readable
memory that can direct a computer or other programmable
data processing apparatus to function in a particular manner,
such that the instructions stored in the computer usable or
computer-readable memory produce an article of manufac-
ture including instruction means that implement the function
specified in the flowchart block or blocks. The computer
program instructions also can be loaded onto a computer or
other programmable data processing apparatus to cause a
series of operational steps to be performed on the computer or
other programmable apparatus to produce a computer imple-
mented process such that the instructions that execute on the
computer or other programmable apparatus provide steps for
implementing the functions specified in the flowchart block
or blocks.

[0044] And each block of the flowchart illustrations can
represent a module, segment, or portion of code, which
includes one or more executable instructions for implement-
ing the specified logical function(s). It should also be noted
that in some alternative implementations, the functions noted
in the blocks may occur out of the order. For example, two
blocks shown in succession may in fact be executed substan-
tially concurrently or the blocks may sometimes be executed
in the reverse order, depending upon the functionality
involved.

[0045] As used herein, the “unit” or “module” refers to a
software element or a hardware element, such as a Field
Programmable Gate Array (FPGA) or an Application Specific
Integrated Circuit (ASIC), which performs a predetermined
function. However, the “unit” or “module” does not always
have a meaning limited to software or hardware. The “unit” or
“module” can be constructed either to be stored in an addres-
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sable storage medium or to execute one or more processors.
Therefore, the “unit” or “module” includes, for example,
software elements, object-oriented software elements, class
elements or task elements, processes, functions, properties,
procedures, sub-routines, segments of a program code, driv-
ers, firmware, micro-codes, circuits, data, database, data
structures, tables, arrays, and parameters. The elements and
functions provided by the “unit” or “module” can be either
combined into a smaller number of elements, “unit”, or
“module” or divided into a larger number of elements, “unit”,
or “module”. Moreover, the elements and “units” or “mod-
ules” can be implemented to reproduce one or more CPUs
within a device or a security multimedia card.

[0046] According to embodiments of the present disclo-
sure, in every iterative process, a Multi-Input Multi-Output
(MIMO) communication system to which an iterative detec-
tion and decoding scheme is applied converts a decoded sig-
nal into a symbol, determines whether the symbol has an
error, re-estimate sa channel by using a signal which does not
have an error, and detects and decodes the symbol based on
the re-estimated channel, so as to perform more efficient
communication.

[0047] In Long Term Evolution (LTE), which is the 4th
generation mobile communication, a transmitting side trans-
mits a pilot signal which is one of the Reference Signals (RSs)
used to estimate a channel. Since transmitting and receiving
sides know the configuration of the pilot signal, channel infor-
mation of the pilot position can be estimated using an LS or
MMSE estimation scheme. Channel estimation is required
for all subcarriers, but no subcarriers are used for transmitting
data when all subcarriers are used as pilot information.
Accordingly, the transmitting side transmits the pilots at
proper intervals and the receiving side performs the channel
estimation for subcarriers corresponding to data transmission
positions in which the pilot signals are not transmitted
through an interpolation process. Further, since subcarrier
through which the pilot is transmitted can estimate only one
transmission antenna channel, the number of pilots is gener-
ally proportional to the number of antennas on the transmit-
ting side.

[0048] When a Log Likelihood Ratio (LLR) is calculated
again using a turbo-decoded signal in order to increase the
performance of a wireless communication reception device,
an IDD scheme using A Priori Probability (APP)is applied. In
the IDD scheme, a turbo decoder’s capability for reconstruct-
ing a received signal may increase as the number of iterations
increases.

[0049] Since the pilot signal of the transmitting side is
transmitted only for channel estimation, the channel corre-
sponding to a position of the pilot signal of the transmitting
side can be accurately estimated, but the channel estimated
through the interpolation process is relatively inaccurate. Due
to the inaccurate channel estimation, gains acquired through
the Iterative Detection and Decoding (IDD) scheme are not
large. Although various channel estimation schemes exist, the
IDD scheme can be mainly applied to a Single-Input Single-
Output (SISO) communication system. Application of the
IDD scheme to a MIMO communication system cannot be
made through a simple expansion and there are many matters
to be considered.

[0050] The performance of the IDD scheme depends on the
accuracy of the LLR calculated using a received signal and
channel information. When inaccurate channel estimation
information is used, the accuracy of the LLR becomes lower.



US 2015/0215010 Al

Accordingly, if the inaccurate channel information is fixed,
even though the number of iterations increases, it is hard to
expect that the performance of the turbo decoder would
increase. Particularly, when the IDD scheme is implemented
in the next generation communication system after LTE, as
the number of transmission antennas increases, an increase in
the number of pilot signals will be required. However, at this
time, a decrease in data transmission rate necessarily follows.
Accordingly, in order to maintain the data transmission rate
when the number of transmission antennas increases, an
interval between the pilot signals should be wider. Therefore,
when the number of transmission antennas increases,
decrease in the channel estimation performance necessarily
follows due to interpolation, and accordingly, the accuracy of
the LLR is reduced and thus the performance through the IDD
scheme cannot increase.

[0051] An iterative channel re-estimation and decoding
apparatus according to an embodiment of the present disclo-
sure includes a signal receiver that receives a signal transmit-
ted from an external device, an error position estimator that
estimates an error position from the received signal, and a
channel estimator to re-estimate a MIMO channel by using
the estimated error position and a decoded signal of a turbo
decoder.

[0052] Further, a method of the iterative channel re-estima-
tion and decoding apparatus according to an embodiment of
the present disclosure includes a process of estimating an
error position by using a received signal and a decoded signal
of a turbo decoder and a process of re-estimating a MIMO
channel in a dataregion by using information on the estimated
error position.

[0053] In an embodiment, when a receiver cannot decode
information transmitted from a transmitter can correspond to
an error. The error has various causes and the causes may vary
depending upon a channel state and a channel estimation
value.

[0054] FIG.1 is a block diagram of a receiver for perform-
ing the IDD scheme according to an embodiment of the
present disclosure.

[0055] Referring to FIG. 1, the receiver according to the
embodiment includes a Fast Fourier Transform (FFT) unit
102, a resource de-mapping unit 104, a channel estimation
unit 106, a list sphere decoding unit 108, an LLR calculation
unit 110, and a turbo decoding unit 112.

[0056] The FFT unit 112 performs FFT on areceived signal
to remove periodic cyclic prefix of OFDM.

[0057] The received original signal is passed through a
channel estimation process by the channel estimation unit
106 and a resource de-mapping process by the resource de-
mapping unit 104.

[0058] Further, based on the resource de-mapping and the
channel estimation, the list sphere decoding unit 108 per-
forms a decoding process. A configuration of the list sphere
decoding unit 108 according to the embodiment can be
optional. The list sphere decoding unit 108 according to the
embodiment improves the reliability of the LLR by forming a
list and performing a sphere decoding. Further, in the embodi-
ment, the list sphere decoding unit 108 uses a Log Likelihood
Ratio (LLR) value of the turbo decoding unit 112 as a priori
information.

[0059] A result of the operation by the list sphere decoding
unit 108 is received by the LLR calculation unit 110. In the
embodiment, the LLR calculation unit 110 calculates the
LLR based on the received signal. Further, in some embodi-
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ments, the LLR is calculated based on a result of the decoding
by the turbo decoding unit 112 and the signal received from
the list sphere decoding unit 108.

[0060] Inaddition, the turbo decoding unit 1120 performs a
decoding process based on the signal received from the LLR
calculation unit and outputs a result of the decoding.

[0061] Intheembodiment, the received signal in the MIMO
communication system is expressed as follows.

y=Hs+n

[0062] Intheabove equation,y denotes a received vector, H
denotes a MIMO channel matrix, s denotes a symbol vector,
and n denotes a Gaussian noise vector in the reciever. s=f(x)
=f([X;5 X5 - - - » Xar]), f(*) denotes a modulation function
according to each communication system configuration, and
X, denotes a turbo-encoded bit. The receiver according to the
embodiment determines a component corresponding to a
channel received vector through the channel estimation and
extract a symbol vector based on the received signal.

[0063] FIG. 2 illustrates a channel detection process in a
wireless communication system according to an embodiment
of the present disclosure. More specifically, FIG. 2 shows an
inherent grid structure and a channel estimation process in an
LTE system.

[0064] Referringto FIG. 2, in the embodiment, pilot signals
(P) are received in one or more resource regions through
wireless channels.

[0065] Inthe MIMO system, the number of predetermined
P positions increases according to the number of transmission
antennas, and one predetermined antenna transmits the pilot
signal in each pilot signal position to avoid interference
between transmission antennas. A pilot signal received from
a predetermined ith transmission antenna in the pilot signal
position can be expressed as follows.

bJ1 hy ho hia-1 him 0 n M
Y2 hay ha han-1 ham : m
o . . . N
Ym-1 Mo ez - hvoimer hwmoiw || G -1
M vy hmp hum-t hmw ][0 2
[0066] Inthe above equation, h,, denotes a component in an

1, j position of an MxM complex MIMO channel H. The term
p, denotes a pilot signal transmitted from an ith transmission
antenna and denotes a noise component received by a jth
reception antenna. Based on the above equation, a channel
between the ith transmission antenna and the jth reception
antenna can be estimated as follows.
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[0067] Channel information acquired through such a pro-
cess can be used for an interpolation process on a frequency
axis and a time axis of the OFDM system where the pilot
signal is located, and the channel of the region where data
between pilots is transmitted can be estimated through the
interpolation process. Accordingly, as the number of pilots
increases, the accuracy of the estimated data region channels
becomes higher, but the number of data regions decreases.
Therefore, a data transmission rate is reduced. Further, as the
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number of transmission antennas increases, the number of
pilot regions increases. However, in order to maintain the data
transmission rate, the interval between the pilots should
increase. Accordingly, the interval between the channels of
the data region to be estimated through the interpolation
process gradually increases. Then, as the number of transmis-
sion antennas increases, the accuracy of the estimated chan-
nels gradually decreases.

[0068] The estimated channel information and the received
signals are transmitted to the list sphere decoding unit 108 and
included in a symbol list in which the LLR is calculated. The
reason for the process is to acquire a result similar to a result
generated when all symbol cases calculated by the LLR cal-
culation unit 110 are considered while avoiding high com-
plexity generated when the LLR calculation unit 110 calcu-
lates all symbol cases. The detected symbol list is transmitted
to the LLR calculation unit 110 and the LLR is calculated as
follows.

Py 3
Lp(x | y) = lnP(xk, )
[0069] x,, and x,_ denote cases where a k™ bit of a bit

sequence x of s are +1 and -1, respectively. When it is
assumed that x, is independent and identical distribution (i.i.
d.), the LLR calculation equation is expressed as follows.

Loyl 2o, PO 1P
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[0070] Inthe above equation, Xz=[X,, Xa, - - « s Xz 15 Xgry s -

- X,z ] is established, and P(x;) denotes a Probablhty Mass
Functlon (PMF) of'each bit. Further, in the above equation, a
first term is a preferential component ofthe LL.R and a second
term is an external component. In general, the preferential
component is referred to as L, and the external component is
referred to as L. In the beginning where the preferential
component is not given,

Pl ) = Plg) = 5

is assumed, so that [ ,=0. However, when the number of
iterations increases and an a priori probability is given by the
turbo decoding unit, L ,=0.

[0071] Meanwhile, in the above equation, P(ylx,) can be
expressed as follows on an assumption of Gaussian noise.

1 lly - Hsy, I “
P 130 = st =53
[0072] In the above equation, S, denotes a symbol modu-

lated from a sequence having an k” "bitof X, Accordingly, the
external component L. can be calculated as follows.
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[0073] Intheaboveequation, L, ;denotes a sequence of the

preferential LLR expect forak™ LLR. The LLR is transmitted
to the turbo decoding unit 112, and an output of the turbo
decoding unit 122 can be used for calculating the LLR as the
preferential component [, in the next iteration process.

[0074] Asaresult,inthe IDD, the external component L is
calculated by the received signal y, the channel information
H, and L, acquired from the output of the turbo decoding unit
112. When the estimation of the channel information H is not
performed correctly, it results in generating the inaccurate
external component L and also the inaccurate L , acquired
from the turbo decoding unit 112 in the next iteration process.
Accordingly, even when the number of iterations increases,
the performance increase may be slow. Therefore, the accu-
racy of the channel information H is an important factor
influencing the overall performance of the IDD.

[0075] FIG. 3 is a block diagram of an iteration channel
re-estimation and decoding apparatus according to an
embodiment of the present disclosure.

[0076] Referring to FIG. 3, the apparatus of FIG. 3 includes
components similar to those of the apparatus of FIG. 1, but
further includes a symbol modulation unit 314 and an error
position estimation unit 316. Further, the apparatus according
to the embodiment further performs a process of detecting an
error position by using a turbo-decoded signal acquired from
the previous iteration process, a process of performing itera-
tive channel estimation on a data region by using a symbol
that does not have a detected error, and a process of calculat-
ing again an L.SD and LLR by using the channel.

[0077] Inthe embodiment, the symbol for channel re-esti-
mation is obtained by re-modulating the turbo-decoded signal
L, through the symbol modulation unit 314.

§:ﬂLA):f([LA,lx LA,2 ----- LA,Z\/IC]) (6)

[0078] Based on the above equation, () uses the same
modulation function as that on the transmitting side. Since the
symbol estimated through the above process may include the
error from the turbo decoding unit, determining the part hav-
ing the error and selecting only a correct symbol through the
error position estimation unit 316 is required.

[0079] A method of estimating an error position according
to an embodiment uses at least one of a sparse recovery
algorithm based on the fact that the error position is similar to
a characteristic of a sparse signal and a method using thresh-
olding based on the fact that average power of the error is
larger than power of the transmitted symbol.

[0080] In the embodiment, the sparse recovery algorithm
increases in complexity as the number of antennas increases
and the method using thresholding has different perfor-
mances depending on a threshold value.

[0081] The error position estimation unit 316 performs the
following process. A determination equation is calculated
from the received signal by using the channel information H
acquired through the iteration process.

z=BPO(y-H3)=A* (Hs-Hs+n) Q)
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[0082] In the above equation, ﬁ*Z(HHH)"lHH. When an
error difference between an estimated symbol § and an actu-
ally transmitted symbol s, $=s+e. Accordingly, the determi-
nation equation z is expressed as follows.

z=H Hs—ﬁ+ﬁ(s+e)+ﬁ+n 8

=—e+ (IA{+H - 1)s+ Hn

[0083] Intheaboveequation, I corresponds to a unit matrix.
When the estimated symbol is the same as the actually trans-
mitted symbol, e=0. When the estimated symbol is not the
same as the actually transmitted symbol, e corresponds to a
difference between the symbols, so that e is larger than power
of the actually transmitted symbol. Since (A*H-1) is based
upon a channel estimation error, (H*H-I) is smaller than
power of the channel H. Accordingly, the error position can be
estimated by finding error power lager than a threshold value
37, as follows.

/ {1 llzll* > 67 ©

0 otherwize

[0084] Inthe above equation, I; denotes an index indicating
an error position. The 1 indicates that an estimated symbol of
a current position is different from a transmitted symbol, and
the O indicates that there is no error in the current position.
[0085] In the embodiment, the following two incorrect
error determinations are generated in such a process.

[0086] First, even though an error is not actually generated,
a false alarm is made in which the generation of the error is
determined due to a relatively large channel estimation error
in the above equation.

[0087] Second, misdetection is made in which it is deter-
mined that there is no error since error power is smaller than
the threshold value 84,

[0088] Since the former between the two wrong error deter-
minations does not use a correct symbol vector and a channel
of'the position is interpolated by the channel estimation using
another correct symbol vector, the performance deterioration
is not made. Since the latter performs the channel estimation
by using an incorrect symbol vector, a channel estimation
error becomes larger and another region is influenced in the
interpolation process, so that the performance deterioration in
the iteration process is made. Accordingly, when the thresh-
old value 8, is set, it is better to relatively reduce the misde-
tection than the false alarm. In the embodiment, the threshold
value 8, can be a value stored in the receiver or a value
received from a base station.

[0089] The estimated error position information is trans-
mitted to each ofthe LLR calculation unit 310 and the channel
estimation unit 306.

[0090] The LLR calculation unit 310 determines the accu-
racy of a priori information transmitted from the turbo decod-
ing unit 312 by using the estimated error position. A priori
information of the position where it is determined that the
error does not exist can be used as the preferential component
L, in the calculation by the LLE calculation unit 310. How-
ever, a priori information of the position where it is deter-
mined that the error exists may not be used and the LLR is
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calculated in a state (L ,=0) where a priori information is not
given like the first iteration process of the IDD scheme.
[0091] The channel estimation unit 306 performs a channel
re-estimation process by using the received error position and
symbol information. Further, a result of the channel re-esti-
mation can be transmitted to the list sphere decoding unit 308.
[0092] Inthe receiver according to the embodiment, recep-
tion of a signal is performed by a signal receiver.

[0093] Further, a controller that controls the signal receiver
and elements included in the receiver can be included.

[0094] FIG. 4 illustrates a channel re-estimation process in
a SISO system according to an embodiment of the present
disclosure. More specifically, a channel re-estimation process
in a SISO communication system will be described.

[0095] Referring to FIG. 4, the embodiment illustrates
resource regions in which reference signals (R0) 402 are
received and resource regions (e) 404 located at error posi-
tions transmitted from the error position estimation unit.
[0096] In this case, since the structure of the pilot region
and the structure of the data region are the same as each other
in that signals are transmitted from one antenna, the re-esti-
mation can be performed using the data symbol.

5y, (10)

[0097] The re-estimated channel reduces intervals to be
interpolated and increases the number of samples for the
interpolation compared to the case using the pilots, so that
various types of interpolation processes as well as a simple
linear interpolation method can be used. Accordingly, the
inaccurate channel due to the interpolation process acquired
through the previous iteration process is corrected. As a
result, a more accurate LLR can be calculated in the current
iteration process.

[0098] When the method according to the embodiment is
applied to the MIMO communication system, the difference
from the case where the method is applied to the SISO com-
munication system is generated. In the pilot region, the signal
is transmitted from one antenna in both the MIMO environ-
ment and the SISO environment, and thus the channel esti-
mation can be performed without interference by other anten-
nas. However, while the SISO environment includes the data
region having the same structure as that of the pilot region in
which data is transmitted from one antenna, signals are trans-
mitted from all antennas on the transmitting side and all
pieces of data from all transmission antennas are combined
and received by each antenna on the receiving side in the
MIMO environment. As a result, in the MIMO environment,
interference between antennas is generated. Accordingly, it
may be difficult to simply apply the method used in the SISO
environment to the MIMO environment.

[0099] Inthis case, even though the transmitted symbol § is
accurately recognized, the channel estimation cannot be per-
formed by one data symbol vector alone because of the large
number of channels H to be estimated. The most easily per-
formed method includes a method of estimating channels of
each antenna by removing signals of each transmission
antenna through the use of channel estimation information
acquired during the previous iteration process and a method
of'simultaneously estimating a plurality of regions at one time
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through the use of adjacent regions having relatively small
changes while ignoring a change in the channels.

[0100] The method of removing interference to estimate
channels has advantages in that all channels can be simply
estimated by one data symbol vector alone. However, when
the number of transmission antennas is large, if signals of
other transmission antennas are not completely removed
using inaccurate channel information acquired during the
previous iteration process, error propagation may be gener-
ated.

[0101] The method of using adjacent regions to estimate
channels is effective in a case where a rate of channel change
is relatively slow. However, if the channels rapidly change,
the estimated channels may be relatively inaccurate.

[0102] FIG. Sillustrates a channel re-estimation process in
a MIMO system according to an embodiment of the present
disclosure. More specifically, FIG. 5 shows a channel re-
estimation process from each transmission antenna to a first
reception antenna in the MIMO communication system.
[0103] Referring to FIG. 5, left grids partially indicate a
structure between time and frequency corresponding to sub-
frames on the transmitting side. The term R, 502 denotes a
pilot signal allocated to a first transmission antenna, R, 504,
R, 506, and R, 508 denote pilot signals allocated to a second,
third, and fourth transmission antennas, respectively. Further,
e 501 indicates an error position transmitted from the error
position estimation unit.

[0104] In the embodiment, signals of the remaining other
antennas except for the antennas transmitting the pilot signal
are not transmitted in positions where the pilots are located.
For example, only a pilot symbol of the first antenna is located
at a symbol position to which R, 502 is allocated, and pilot
symbols or data symbols of other antennas are not located at
the symbol position. Data symbols of all transmission anten-
nas are located at the remaining positions to which the pilots
are not allocated. The receiving side receives only pilot sig-
nals in the positions corresponding to the pilots and receives
combined pieces of data transmitted from all transmission
antennas in data positions.

[0105] The suggested method can estimate data symbols
and detect errors, and then re-estimate channels by using the
part except for e 501 determined to be the errors. Since only
the pilot symbols are transmitted in the pilot positions but data
symbols of transmission antennas coexist in the data posi-
tions (four data symbols are transmitted in a 4x4 structure), it
is difficult to estimate each channel. Accordingly, channels of
the data positions are estimated using adjacent channels
based on the characteristic of the OFDM system where the
adjacent channels are slightly changed.

[0106] In the embodiment, received signals for a resource
region 520 includes four adjacent grid received signals y*
522,y* 524,y 526, and y* 528 in a 4x4 structure.
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[0107] Inthe embodiment, it is assumed that an antenna of

the third region 526 receives only the pilot signal. When it is
assumed that channelsh, . h,,", h,,", and h, //(i=1, 2,3, 4), of
the reception antenna are consistent regardless of i in adjacent
grids, it may be expressed by a vector and a matrix.

I TS N T | 1 (25)
N S S S n

Y1 o520 53 Sa [ py, 1

2 2 2 2 2 2
i ST Sy S5 Sy || Az m

= +

¥ pP 0 0 0 hs n

4 4 4 4 Allha 4
Y1 Sp Sy 53 84 ny

[0108] Through the above relationship, the channels h,,’,
h,,", h,’, and h,,’ of the data positions can be estimated as
follows.
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[0109] In other reception antennas, data region channels
can be re-estimated in the same way. However, a matrix
including estimated symbols should have an inverse matrix.
When the inverse matrix cannot be acquired due to rank
deficiency of the matrix including the estimated symbols,
other adjacent regions are selected and the channels are re-
estimated. Through such a process, the data interpolation
interval can be reduced and the accuracy of the LLR calcula-
tion can be increased in the channel estimation during the next
iteration process like in the SISO system.

[0110] FIG. 6 is a flowchart illustrating an operation of a
transmitter according to embodiment of the present disclo-
sure.

[0111] Referring to FIG. 6, the transmitter according to the
embodiment generates a source bit to be transmitted to the
receiver in step 605.

[0112] In step 610, the transmitter encodes the generated
source bit. In the embodiment, the transmitter encodes the
source bit through a turbo encoding unit.

[0113] In step 615, the transmitter modulates the encoded
data. Modulation schemes can vary depending on embodi-
ments and different modulation methods can be applied based
on a channel state reported by the receiver.

[0114] In step 620, the transmitter precodes the modulated
data. The precoding can be also performed based on the
channel state. The precoding method can be shared in
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advance between the transmitter and the receiver and can be
variably performed according to a condition.

[0115] In step 625, the transmitter performs at least one of
an operation of mapping data resources and an operation of
generating pilot signals and then mapping the generated pilot
signals to corresponding radio resources.

[0116] In step 630, the transmitter generates OFDM sym-
bols through Inverse Fast Fourier Transform (IFFT) based on
the mapped resource region.

[0117] Instep 635, the transmitter transmits data including
the generated symbols to the receiver.

[0118] FIG. 7 is a flowchart illustrating an operation of a
receiver according to embodiment of the present disclosure.
[0119] Referring to FIG. 7, the receiver according to the
embodiment receives signals including OFDM symbols from
the transmitter in step 705.

[0120] In step 710, the receiver generates a grip resource
structure by performing FFT on the received signals.

[0121] In step 715, the receiver detects positions of pilot
signals and estimate channels based on the detected positions.
According to an embodiment, the positions of the pilot sig-
nals are determined according to a pre-arranged method
between the transmitter and the receiver. According to
another embodiment, the positions of the pilot signals are
determined by the receiver based on information included in
the received signals.

[0122] In step 720, the receiver detects data positions from
the received signals and calculates an LLR. In some embodi-
ments, the LLR calculation is performed based on the
received signals and the estimated channel information.
[0123] In step 725, the receiver decodes the received sig-
nals based on the calculated LLR. According the embodi-
ment, the receiver decodes the received signals by using a
turbo decoding unit.

[0124] In step 730, the receiver detects an error position
based on at least one of the decoded signal and a signal which
is symbol-modulated from the decoded signal. A method of
estimating an error position according to an embodiment uses
at least one of a sparse recovery algorithm based on the fact
that the error position is similar to a characteristic of a sparse
signal and a method using thresholding based on the fact that
average power of the error is larger than power of the trans-
mitted symbol. Further, in the embodiment, the threshold
value for determining the error is preset by the receiver or
determined by the receiver based on the signals received from
the transmitter. Based on the detected error position, the
receiver performs at least one of the channel estimation and
the LLR calculation, and accordingly receives signals with
higher reliability.

[0125] The receiver determines whether the number of
iterations or the reception performance meets a predeter-
mined condition in step 735. When the condition is met, the
process ends. Otherwise, steps 715 to 730 are repeatedly
performed through the iteration until the condition is met.
[0126] FIG. 8 is a flowchart illustrating a channel estima-
tion process according to embodiment of the present disclo-
sure.

[0127] Referring to FIG. 8, the receiver selects a radio
resource group for the channel estimation in step 805. The
radio resource can be selected based on at least one of an
antenna position and a position where a reference signal is
transmitted.

[0128] Instep 810, the receiver determines whether there is
a determined error in the selected radio resource group. In the
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embodiment, the error position estimation unit included in the
receiver determines whether the signal transmitted to the
radio resource region has no error. When the signal has the
determined error, the receiver selects a new radio resource
group without the channel estimation in the corresponding
resource region. Further, according to the embodiment, when
the signal has the determined error, a channel value estimated
in the corresponding resource region may have low impor-
tance.

[0129] In step 815, it is determined whether an inverse
matrix for estimating channels of a symbol set can be calcu-
lated.

[0130] When the inverse matrix cannot be calculated, the
receiver moves to step 805 and select a new resource region
without the channel estimation in the corresponding region.
[0131] When the inverse matrix can be calculated, the
receiver re-estimates symbols in step 820. The symbol re-
estimation is performed on symbols extracted from the
received signals based on the channel information estimated
according to the inverse matrix.

[0132] In step 825, the receiver determines whether the
symbol re-estimation is completed in all data regions in which
the symbol re-estimation is performed among the received
signals. When the symbol-re-estimation is not completed, the
receiver repeats the process until the symbol re-estimation is
completed.

[0133] In step 830, the receiver estimates channels in all
received signal regions by performing an interpolation opera-
tion on regions in which the re-estimation has not been per-
formed due to the error.

[0134] FIG. 9 illustrates an MMSE estimation process in
vectorization according to an embodiment of the present dis-
closure, FIG. 10 is a block diagram of an iterative channel
re-estimation and decoding apparatus according to another
embodiment of the present disclosure, FIG. 11 illustrates a
channel re-estimation process using a virtual Reference Sig-
nal (RS) according to an embodiment of the present disclo-
sure, and FIG. 12 illustrates a virtual RS selection process
according to an embodiment of the present disclosure.
[0135] Referring to FIGS. 9 to 12, pieces of information
received at pilot positions in one resource block are arranged
and vectorized.
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[0136] Inthe above equation, y,*’ denotes a received signal
of an i pilot position transmitted to an r” reception antenna
from a t” transmission antenna. The terms h,,”, r,”, and n,”
correspond to channel information, a pilot signal, and Gaus-
sian noise, respectively. Such received signals are expressed

as follows in the form of vector-matrix.
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[0137] Based on the correlation between channel informa-
tion, the MMSE channel estimation can be expressed as fol-
lows.

Bis = Covlhye, y)Cov(y,, 0™y, 29

= Elh W) Elheh] + 020 Ry,

[0138] In the above equation, a correlation function is
defined as Cov(x,y)=E[xy"], and a channel correlation Elh,,
th,,tH] can be calculated through the following process. When
h(f,t) corresponds to channel information in a frequency-time
grid, channel information to be estimated can be expressed as
follows in the form of frequency and time.
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[0139] Based on an assumption of a 2D zero-mean wide-
sense stationary process, the channel correlation can be
expressed by a change in time and frequency.

E[h(AAN+ADREDT]=R;, (AfAY) (31)

[0140] Further, the channel correlation can be expressed as
follows by using a Clarke’s isotropic scattering model.

Ru(Af, A1) = Ru(Af)Rn(Ar) (32

L
Ru(Af) = )" Prexp(j2rAfT)
i=1

[0141] Inthe aboveequation, R, (At)=],(2nf Af), P, denotes
average powerof ani” path, T, denotes a delay time, f, denotes
a Doppler frequency, and J,(-) denotes a 0-th order Bessel.
[0142] When the channel correlation is used, the channel
estimation can be performed through the process illustrated in
a block diagram of FIG. 10.

[0143] Referring to FIG. 10, the receiver according to the
embodiment includes at least one of an FFT unit 1002, a
resource de-mapping unit 1004, a channel estimation unit
1006, an LLR calculation unit 1008, a de-scrambling unit
1010, a channel decoding unit 1012, a scrambling unit 1014,
a soft symbol modulation unit 1016, and a virtual RS selec-
tion unit 1018.

[0144] Inthe embodiment, the FFT unit1002 first performs
FFT on areceived signal and converts the signal into a signal
of a frequency band. In the embodiment, the FFT unit 1002
divides the received signal into a pilot signal and a data signal
based on information preset or received from the transmitter.

[0145] The resource de-mapping unit 1004 de-maps
resources.
[0146] The channel estimation unit 1006 vectorizes the

divided pilot signal and acquire channel information through
MMSE estimation.
[0147] The LLR calculation unit 1008 calculates an LLR
based on at least one of the estimated channel information and
the received signal.
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[0148] The de-scrambling unit 1010 and the channel
decoding unit 1012 perform channel decoding by using the
calculated LLR.

[0149] The decoded signal is modulated to a soft symbol
through the scrambling unit 1014 and the soft symbol modu-
lation unit 1016.
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[0150] Intheabove equation, ® denotes a set of symbols in
all possible cases and s denotes a symbol in one possible case.
Further, C,’ denotes one bit of a bit vector corresponding to
one symbol. Accordingly, the soft symbol can be acquired by
calculating a probability of each symbol through a product of
probabilities of bits, multiplying the probability and an actual
value of each symbol, and adding the generated values.
Through the use of the soft symbol, secondarily statistical
characteristics for data symbol errors can be recognized.
When the symbol is relatively inaccurate (when a probability
value is small), the probability value is close to 0, so the
channel estimation is less influenced. However, when the
symbol is accurate, the probability value is large, so the chan-
nel estimation is more influenced. Such a fact can be reflected
in the channel estimation.

[0151] Atthis time, the calculated LLR is used as an extrin-
sic factor to be combined with a priori information transmit-
ted from the decoding unit, and then an a posteriori LLR is
used. The virtual RS selection unit 1018 selects a symbol
which can reduce channel information errors from the
acquired symbols and perform the channel re-estimation by
using the selected symbol. During such a process, the channel
estimation can be performed one more times before the first
decoding based on an assumption that a priori information is
equal to 0. As a result, the performance gain can be acquired
during the first iteration process.

[0152] Inthe embodiment, the soft symbol modulation unit
1016 converts the symbol to a soft symbol based on the LLR
calculated by the LLR calculation unit 1008 and the LLR
output from the decoded signal.

[0153] Further, the virtual RS selection unit 1018 calculates
mean square errors from the calculated soft symbols and
determines data symbols to be used for the channel estima-
tion. More specifically, the channel re-estimation using the
acquired soft symbols as virtual RSs as illustrated in FIG. 11.
FIG. 11 shows a case where four virtual RSs are used. Four
pilot signals and four data signals are as follows.
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[0154]

it,,, = Cov(h,,,, [yr DCOV([ r },
% Zr

Chpp+02l
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[0155]

between pilot positions, C, ,and C_,,

In the above equation, 7, denotes a received signal
of an j* pilot position transmitted to an r” reception antenna
from each transmission antenna. The terms gr,i(’) and S,
correspond to channel information and a data symbol trans-
mitted from an i” transmission antenna, respectively. A pilot
received signal y,% and a virtual RS z,% are vectorized and
the MMSE channel estimation is performed as follows.

1

In the above equation, C,, ;, denotes the correlation
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[0157] A first term of the above equation corresponds to a
fixed value according to a given environment, and it is noted
that a channel error decreases as a second term becomes
larger. Accordingly, as achangeable value of IE[S,] I2||Cg, AP is
larger, the channel error becomes smaller. Therefore, a data
symbol making the second term have the largest value is
selected. As illustrated in FIG. 12, values of IE[S ] I2||Cg,h||2 for
data symbols of one block are calculated, calculated values
are sequentially arranged in a descending order, and then as
many virtual RSs as needed are selected. The as many virtual
RSs as needed can be freely selected, such as a predetermined
number of virtual RSs or a number of according to the
required performance or complexity. The performance
according to each virtual RS is illustrated in FIG. 15 in a
MIMO environment. It is noted that the MSE performance is
improved but an improvement width of the performance
becomes gradually narrower as the number of virtual RSs
increases. Further, it is noted that the performance gradually
approaches the theoretical performance as the number of
iterations increases. As described above, according to the
embodiment, the reception performance can be further
improved by the interpolation process through vectorized

(35
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channel estimation based on data symbols. More specifically,
through the vectorized channel estimation based on the data
symbols, the channel estimation performance based on the

denotes the correlation

between the pilot and the virtual RS, and C,, denotes the
correlation between virtual RSs. Further, R 7 denotes a diago-
nal matrix of the pilot signal and E[S,] denotes a diagonal
matrix of the soft symbol using a posteriori information. In
the above equation, although only channels of pilot positions
are estimated, channels of data positions can be estimated
through simple equation calculations. However, in order to
reduce the complexity of the interpolation in an actual imple-
mentation, such an example of the calculation has been
described to increase only the accuracy of the channel of the
pilot positions.

[0156] The acquired accuracy of the channels can be cal-
culated by a Mean Square Error (MSE) as follows.

pilot signals can be enhanced and the channel estimation
performance through the data channels can be improved.
[0158] Further, as the MIMO size becomes larger, the size
of interference by symbols from other antennas in data sym-
bol positions becomes gradually larger. Accordingly, inter-
ference should be considered. The interference can be
removed using the data symbols in the previous process and
the estimated channel information through the iteration pro-
cess. Accordingly, through the previously calculated MMSE
channel estimation, the improved channel information can be
acquired as follows.

MSE = E[”hm - %,,,||2] 37
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[0159]

A(1-1)
h,

rt

H’

and each correlation is calculated as follows.
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[0160] In the above equation, A is expressed as follows.
71 40)
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[0161] In the above equation, ® denotes the Hadamard
product in which components of respective matrixes are mul-
tiplied.

[0162] In the embodiment, when the vectorized channel
estimation is performed, channels of radio resources through
which downlink data is transmitted can be directly estimated.
Further, it is possible to further improve the performance of
channel estimation by using the result of the channel estima-
tion of the downlink data transmission resources for estimat-
ing channels through which the pilot signals are transmitted.
[0163] In scalar type channel estimation, the result of the
channel estimation of the radio resources where the downlink
data is transmitted cannot be used for estimating the resource
regions where the pilot signals are transmitted.

[0164] Further, when the vectorized channels are esti-
mated, data channels can be selectively estimated. Accord-
ingly, by selectively estimating several data channels in the
interpolation process, the performance improvement desired
by a developer can be achieved. More specifically, since the
type of selected data channels, the number of selected data
channels, and the interpolation process are independent of
each other, the complexity of the interpolation process does
not increase according to the data channels selected for the
channel estimation.

[0165] Further, when the vectorized channels are esti-
mated, gains for more accurately estimating the channels can
be acquired before the LLR calculation is performed multiple
times. More specifically, the channel estimation can be per-
formed one more time before the first decoding based on an
assumption that a priori information is equal to 0. As a result,
the performance gain can be acquired during the first iteration
process.
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[0166] Further, in vector type channel estimation, when the
received data itself has errors, the channel estimation is per-
formed based on soft-symbol type errors, so that a separate
error determination is not needed, and thus the channel esti-
mation is less influenced from the errors if the errors exist.
[0167] FIG. 13 illustrates a performance comparison result
in 2x2 MIMO according to an embodiment of the present
disclosure and FIG. 14 illustrates a performance comparison
result in 4x4 MIMO according to an embodiment of the
present disclosure.

[0168] Referringto FIGS.13 and 14, incases of 2x2 MIMO
and 4x4 MIMO, a BER with respect to one iteration time and
four iteration times by the receiver according to the conven-
tional IDD and a BER with respect to four iteration times by
the receiver according to suggested embodiments of the
present disclosure are shown. More specifically, while the
accuracy of the LLR calculation is low due to the channel
estimation error and thus the performance improvement is not
made even though the iteration process is performed in the
conventional IDD scheme, the iterative channel re-estimation
and decoding scheme according to the present disclosure has
the improved performance.

[0169] FIG. 15 illustrates an MSE performance compari-
son result when a virtual RS is applied according to an
embodiment of the present disclosure.

[0170] Referring to FIG. 15, it is noted that the MSE per-
formance is improved but an improvement width is gradually
narrower as the number of virtual RSs increases in an 8x8
MIMO environment. Further, it is noted that the performance
gradually approaches the theoretical performance as the num-
ber of iterations increases. In the embodiment, i indicates the
number of iterations.

[0171] FIG. 16 illustrates an MSE performance compari-
son result in 4x4 MIMO according to an embodiment of the
present disclosure, FIG. 17 illustrates a BER performance
comparison result in 4x4 MIMO according to an embodiment
of the present disclosure, FIG. 18 illustrates an MSE perfor-
mance comparison result in 8x8 MIMO according to an
embodiment of the present disclosure, FIG. 19 illustrates a
BER performance comparison result in 8x8 MIMO accord-
ing to an embodiment of the present disclosure, and FIG. 20
illustrates an MSE performance comparison result in 12x12
MIMO according to an embodiment of the present disclosure.
[0172] Referring to FIGS. 16 to 20, the MSE and BER are
shown as a result of simulation according to a MIMO size.
Unlike a case of scalar, even the conventional scheme has the
improved performance in the case of vectors. However, it is
noted that performance achieved through the suggested
scheme is better than the conventional scheme.

[0173] Although the present disclosure has been described
with an exemplary embodiment, various changes and modi-
fications may be suggested to one skilled in the art. It is
intended that the present disclosure encompass such changes
and modifications as fall within the scope of the appended
claims.

What is claimed is:

1. A method of receiving a signal by a receiver in a mobile
communication system, the method comprising:

receiving a reference signal from a transmitter;

determining first channel information based on the
received reference signal;

receiving a data signal based on the first channel informa-
tion; and
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determining second channel information based on the

received data signal and the first channel information.

2. The method of claim 1, wherein the first channel infor-
mation includes a first likelihood ratio determined based on
the received reference signal, and the second channel infor-
mation includes a second likelihood ration calculated based
on the received data signal.

3. The method of claim 1, wherein receiving of the data
signal based on the first channel information comprises
decoding the received data signal based on the first channel
information, the method further comprising, determining, if
the decoded signal has an error, a resource area having the
error.

4. The method of claim 3, wherein determining of the
resource area having the error comprises determining
whether the decoded signal has the error based on at least one
of'the first channel information and the second channel infor-
mation.

5. The method of claim 3, further comprising omitting a
channel estimation in the resource area having the error.

6. The method of claim 5, further comprising estimating a
channel ofthe resource area having the error based on channel
information estimated in a resource area adjacent to the
resource area having the error on time and frequency
domains.

7. The method of claim 1, further comprising decoding the
data signal based on the second channel information.

8. The method of claim 1, wherein determining of the first
channel information comprises:

vectorizing the received reference signal;

determining a correlation between channels receiving the

reference signal based on the vectorized reference sig-
nal; and

determining the first channel information based on the

correlation.

9. The method of claim 2, further comprising:

converting the received data signal to a soft symbol based

on the first likelihood ratio and the second likelihood
ratio; and

determining third channel information based on the soft

symbol.

10. The method of claim 1, further comprising:

determining fourth channel information based on the sec-

ond channel information and the received data signal;
decoding received data based on the fourth channel infor-
mation; and

if the decoded data does not meet a preset reference, deter-

mining fifth channel information based on the fourth
channel information and the received data signal.
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11. An apparatus of a mobile communication system, the
apparatus comprising:

at least one processor configured to receive a reference

signal from the transmitter, to determine first channel
information based on the received reference signal, to
receive a data signal based on the first channel informa-
tion, and to determine second channel information based
on the received data signal and the first channel infor-
mation.

12. The apparatus of claim 11, wherein the first channel
information includes a first likelihood ratio determined based
on the received reference signal, and the second channel
information includes a second likelihood ration calculated
based on the received data signal.

13. The apparatus of claim 11, wherein the at least one
processor is configured to decode the received data signal
based on the first channel information, and, if the decoded
signal has an error, determine a resource area having the error.

14. The apparatus of claim 13, wherein the at least one
processor is configured to determine whether the decoded
signal has the error based on at least one of the first channel
information and the second channel information.

15. The apparatus of claim 13, wherein the at least one
processor is configured to omit a channel estimation in the
resource area having the error.

16. The apparatus of claim 15, wherein the at least one
processor is configured to estimate a channel of the resource
area having the error based on channel information estimated
in a resource area adjacent to the resource area having the
error on time and frequency domains.

17. The apparatus of claim 11, wherein the at least one
processor is configured to decode the data signal based on the
second channel information.

18. The apparatus of claim 11, wherein the at least one
processor is configured to vectorize the received reference
signal, determine a correlation between channels receiving
the reference signal based on the vectorized reference signal,
and determine the first channel information based on the
correlation.

19. The apparatus of claim 12, wherein the at least one
processor is configured to convert the received data signal
into a soft symbol based on the first likelihood ratio and the
second likelihood ratio, and determine third channel informa-
tion based on the soft symbol.

20. The apparatus of claim 11, wherein the at least one
processor is configured to determine fourth channel informa-
tion based on the second channel information and the
received data signal, decode received data based on the fourth
channel information, and, if the decoded data does not meet a
preset reference, determine fifth channel information based
on the fourth channel information and the received data sig-
nal.



