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[DESCRIPTION]
[Invention Titlel

LOW OVERHEAD FEEDBACK SCHEME FOR CODEBOOK BASED

CLOSED-LOOP MIMO
[Technical Field]

The present invention relates to a Multi-Input Multi-
Output (MIMO) communication system and more particularly,
to a method for Correlation matrix feedback in a multi-cell
wireless communication system.

[Background Art]

With the popularization of information communication
services, the emergence of various multimedia services, and
the provision of high-gquality services, demand for a
wireless communication service has rapidly increased. To
actively cope with such demand, the capacity of a
communication system should be increased and the
reliability of data transmission should be improved.

To increase communication capacity in wireless
communication environments, a method for newly searching
available frequency bands and a wmethod for increasing
efficiency for limited resources may be considered. As to

the latter method, a multiple-input multiple-output (MIMO)
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scheme has recently drawn attention and has been actively
developed. The MIMO scheme obtains a diversity gain by
equipping a transmitter and a receiver with a plurality of
antennas to additionally ensure a spatial region for
utilizing resources, or increases transmission capacity by
transmitting data in parallel via the plurality of antennas.

Generally, the MIMO scheme is considered to raise the
reliability of a communication system or to improve
transmission efficiency and may be «classified into
beamforming, spatial diversity, and spatial multiplexing
schemes.

The beamforming scheme and spatial diversity scheme,
which use multiple transmit antennas to raise reliability,
transmit a single data stream through multiple transmit
antennas. The spatial multiplexing scheme, used to raise
transmission efficiency, simultaneously transmits multiple
data streams via multiple transmit antennas.

In the sgpatial multiplexing scheme, the number of
gimultaneously transmitted data streams is called a spatial
multiplexing rate. The spatial multiplexing rate should be
appropriately selected according to the number of transmit

and receive antennas and to a channel state. Generally,
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the spatial multiplexing rate which can maximally be
obtained is limited to a smaller wvalue of the number of
transmit antennas and the number of receive antennas. If -
correlation of a channel is increased, a low gpatial
multiplexing rate is used.

When employing the spatial multiplexing scheme,
various gains can be obtained by applying a virtual antenna
signaling scheme. For example, since channel environment
of multiple data streams become the same by application of
the +virtual antenna signaling scheme, robust channel
quality information  (CQI) can be provided and the

reliability of a data stream having a bad channel state can

. be increased.

Further, a transmit power of physical antennas to
which a virtual antenna signaling scheme is applied can be
nearly uniformly maintained. In more detail, sets of
physical transmit antennas form a plurality of beams each
corresponding to a virtual antenna. Different beams are
generated not only to transmit the same power from all the
physical antennas but also to reserve a channel
characteristic.

The total number of wvirtual antennas determines an
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available spatial diversity or spatial multiplexing rate.
Moreover, the total number of wvirtual antennas determines
the amount of overhead required to measure space channels.
Hereinbelow, the number of physical transmit antennas is
denoted by Mr, the number of available wvirtual transmit
antennas is denoted by Me, and the number of simultaneously
transmitted layers is denoted by M. The layer indicates a
transmission symbol which is independently coded and
modulated for transmission.

Meanwhile, a precoding scheme refers to a sgpatial
processing scheme to raise the reliability of a
communication system and to improve transmission efficiency.
The precoding scheme can be used irrespective of a spatial
multiplexing rate 1in a multiple antenna system and
increases a signal-to-noise ratio (SNR) of a channel.
Examples of the precoding scheme include a codeboock-based
precoding scheme, which 1s used when feedback information
is limited in a closed-loop system, and a scheme in which
channel information is quantized and fed back. In the
codebook-based precoding, the receiving end feeds an index
of a precoding matrix, which is already known to both the

receiving end and the transmitting end, back to the
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transmitting end to achieve an SNR gain.

In the 4th Generation wireless communication systems,
MIMO schemes play a fundamental role in order to achieve
high data rates in the downlink, for which CSI (Channel
State Information or Channel State Indication) should be
available at the transmitter (e.g., BS or eNB) by certain
form of feedback. A correlation matrix feedback scheme is a
good scheme of such form for single-cell or multi-cell rank
1 Closed-Loop MIMO.

In this case, transmitting whole elements constituting
a correlation matrix as a feedback may cause a significant
signaling overhead. Thus, a more efficient feedback scheme
is required.
[Disclosure]
[Technical Problem]

An object of the present invention 1s to provide a
method of a correlation matrix feedback with low overhead.

Another object of the present invention is to provide
a method of a correlation matrix feedback in adaptive
feedback mode.

It is to be understood that technical problems to be

solved by the present invention are not limited to the
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aforementioned technical problems and other technical

problems which are not mentioned will be apparent from the
following description to the person with an ordinary skill
in the art to which the present invention pertains.
[Technical Solution}

To solve the aforementioned technical problems,
according to one embodiment of the present invention, a
method for transmitting correlation matrix  feedback
information of a mobile station considering adaptive
feedback mode in a multi-cell wireless communication system
comprises measuring a channel between the mobile station
and a serving base station using a signal received from the
serving base station; determining a first matrix indicating
channel state information and a first precoder using the
measured channel; generating a second matrix using a
Fourier matrix and the first matrix; and transmitting
feedback information including at least one of information
of the first precoder and diagonal values of the second
matrix to the serving base station.

In this case, the first precoder is a precoder
selected among at least one precoder included in a first

codebook by considering optimal performance of the mobile
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station.

Also, the first can be determined as Equation a below.

[Equation al]
2

W = arg max l(wk )H Rﬁ’wk

Wy

5 Where is an arbitrary precoder in the first

codebook, Wopr is the first precoder, and R is the first

matrix, respectively.
Also, the second matrix can be determined as Eguation
b below.

10 [Equation Dbl

o~

R=F"RF
Where }2 is the second matrix, F is a Fourier matrix,

and R is the first matrix, respectively.
Also, the first matrix may be a correlation matrix,
15 and wherein the second matrix may be an approximated
diagonal matrix.
Further, the first codebook may be a base codebook.
To =solve the aforementioned technical problems,
according to one embodiment of the present invention a

20 method for transmitting data of a base station considering
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adaptive feedback mode in a multi-cell wireless
communication system comprises receiving feedback
information including diagonal wvalues of a second matrix
and information of a first precoder from a mobile station;
5 recovering a first matrix using the diagonal wvalues;
obtaining a second precoder using the recovered first
matrix and the first precoder; and transmitting data
precoded with the second precoder to the mobile station.
Here, the second matrix can be determined by approximation
10 using the first matrix and a Fourier matrix in the mobile
station.
In thigs case, the first matrix can be recovered as
Eguation c below.
[Equation c]
~ S o H
s  R=FRF

Where .[Q is the recovered first matrix, F i1is a
Fourier matrix, and R is an approximated second matrix
including the diagonal values, respectively.

Also, the second precoder can be obtained as Equation

20 d below.

[Equation d]
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P
Rw]

Where w is the first precoder, R is the recovered

”~
first matrix and W is the second precoder, respectively.

Also, the first precoder can be determined by the

O mobile station, by considering optimal performance of the
mobile station under a channel state between the mobile
station and the base station.

Also, the first precoder may be a precoder included in
a base codebook, and the second precoder may be a precoder

10 included in a transformed codebook for the adaptive
feedback mode.

Further, the first matrix may be a correlation matrix,
and wherein the second matrix may be an approximated
diagonal matrix.

15 To solve the aforementioned technical problems,
according to another embodiment of the present invention, a
mobile station that supports codebook based adaptive
feedback mode in a multi-cell wireless communication system
compriseg a processor; and a radio frequency (RF) module

20 for transmitting and receiving a radio signal to and from
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the outside under the control of the processor. Here, the
processor can be configured to measure a channel between
the mobile gtation and a serving base station using a
signal received from the serving base station; determine a
first matrix indicating channel state information and a
first precoder using the measured channel; generate a
gecond matrix using a Fourier matrix and the first matrix;
and control the RF module to transmit feedback information
including at least one of information of the first precoder
and diagonal values of the second matrix to the serving
base station.

In this case, the processor may determine the first
precoder among at least one precoder included in a first
codebook by considering optimal performance of the mobile
station.

Also, the processor may determine the first precoder
as Equation a below.

[Equation al
2

W, = arg max|(w,)” Bw,

Wi

Where is an arbitrary precoder in the first

codebook, Wopi ig the first precoder, and R is the first
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matrix, respectively.
Also, the processor may determine the second precoder
as Equation b below.

[Equation bl

o d

H
5 R=F"RF
Where ]2 is the gecond matrix, F is a Pourier matrix,

and R is the first matrix, respectively.
Also, the first matrix may be a correlation matrix,
and wherein the second matrix may be an approximated

10 diagonal matrix.

Further, the first codebook may be a base codebook.
[Advantageous Effects]

According to the embodiments of the present invention,
the following advantages can be obtained.

15 First, correlation matrix feedback can be carried out
with low overhead by transmitting only the diagonal values
of the correlation matrix.

Second, egignaling overhead for correlation matrix
feedback in adaptive feedback mode is reduced.

20 It is to be understood that the advantages that can be
obtained by the present invention are not limited to the

aforementioned advantages and other advantages which are
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not mentioned will ©be apparent £from the following
description to the person with an ordinary skill in the art
to which the present invention pertains.

[Description of Drawings])

The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment (g) of the invention and together with
the description serve to explain the principle of the
invention. In the drawings:

FIG. 1 illustrates signal transmission and reception
considering potential interference 1in a communication
system having a multi-cell environment.

FIG. 2 idis a flowchart illustrating an exemplary
procedure for transmitting feedback information in adaptive
feedback mode of an MS.

FIG. 3 1dis a Dblock diagram for an example of a
transmitting and receliving side structure according to
another embodiment of the present invention.

[Mode for Invention]
The present invention relates a wireless access system.

Hereinafter, methods of feedback for a mobile station in
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accordance with the embodiments of the present invention
will be described.

The following embodiments are achieved by combination
of structural elements and features of the present
invention in a predetermined type. Each of the structural
elements or features should be considered selectively
unless specified separately. Each of the structural
elements or features may be carried out without being
combined with other structural elements or featuresg. Also,
gome sgstructural elements and/or features may be combined
with one another to constitute the embodiments of the
present invention. The order of operations described in
the embodiments of the present invention may be changed.
Some structural elements or features of one embodiment may
be included in another embodiment, or may be replaced with
corresponding structural elements or features of another
embodiment .

In the description of drawings, procedures or steps
that may make the subject matter of the present invention
obscure will be omitted, and procedures or steps equivalent
to the range that can be understood by those skilled in the

art will be omitted.



10

15

20

WO 2010/147287 14 PCT/KR2010/000790

The embodiments of the present invention have been
described based on the data transmission and reception
between a base station and a mobile station. In this case,
the base station means a terminal node of a network, which
performs direct communication with the mobile station. A
specific operation which has been described as being
performed by the base station may be performed by an upper
node of the base station as the case may be.

In other words, it will be apparent that wvarious
operationg performed for communication with the mobile
station in the network which includes a plurality of
network nodes along with the base station may be performed
by the base station or network nodes other than the base
station. The base station may be replaced with terms such
as a fixed station, Node B, eNode B (eNB), and access point.
Also, the mobile station may be replaced with terms such as
a usgser equipment (UE), a subscriber station (SS), a mobile
subscriber station (MSS), and a terminal.

Furthermore, a transmitter means a fixed and/or mobile
node that transmits data service or voice service, and a
receiver means a fixed and/or mobile node that receives

data service or voice service. Accordingly, in an uplink,
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the mobile station could be a transmitter, and the base
station could be a receiver. Likewise, in a downlink, the
mobile station could be a receiver, and the base station
could be a transmitter.

Meanwhile, in the present invention, examples of the
mobile station include a personal digital assistant (PDA),
a cellular phone, a personal communication service (PCS)
phone, a global system for mobile (GSM) phone, a wideband
CDMA (WCDMA) phone, and a mobile broadband system (MBS)
phone. Also, examples of the mobile station include a
personal digital assistant (PDA), a hand-held PC, a
notebook PC, a smart phone, and a multi mode-multi band
(MM-MB) terminal.

In this case, the smart phone means a terminal having
advantages of a mobile communication terminal and a
personal mobile terminal in combination. Namely, the smart
phone can mean a terminal that data communication functions
such as schedule management, facsimile transmission and
reception, and Internet access, which correspond to
functions of the personal mobile terminal, are added to the
mobile communication terminal. Also, the multi mode-multi

band terminal means a mobile terminal having a multi-modem
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chip to be operated in a portable Internet system and other
mobile communication systems (for example, code division
multiple access (CDMA) 2000 system, WCDMA system, etc.).

The embodiments according to the present invention may
be implemented by various means, for example, hardware,
firmware, software, or their combination.

If the embodiment according to the present invention
is implemented by hardware, the method according to the
embodiments of the present invention may be implemented by
one or more application specific integrated circuits
(ASICs), digital signal processors (DSPg), digital signal
processing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), processors,
controllers, microcontrollers, microprocessors, etc.

If the embodiment according to the present invention
is dimplemented by firmware or software, the method
according to the embodiments of the presgent invention may
be implemented by a type of a module, a procedure, or a
function, which performg functions or operations described
as above. A software code may be stored in a memory unit
and then may be driven by a processor. The memory unit may

be located inside or outside the processor to transmit and
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receive data to and from the processor through wvarious
means which are well known.

The embodiments of the present invention can be
supported by standard documents disclosed in at least one
of wireless access sgystems, i1.e., IEEE 802 system, 3GPP
system, 3GPP LTE system, and 3GPP2 system. Namely, among
the embodiments of the present invention, steps or parts
which are not described to clarify technical spirits of the
pregsent invention can be supported by the above standard
documents. Also, all terminologies disclosed herein can be
described by the above standard documents. Particularly,
the embodiments of the present invention can be supported
by one or more of standard documents of the IEEE 802.16
system, i.e., P802.16-2004, P802.16e-2005 and P802.16Rev2.

Hereinafter, the preferred embodiments according to
the present invention will be described in detail with
reference to the accompanying drawings. It is to be
understood that the detailed description which will be
disclosed together with the accompanying drawings is
intended to describe exemplary embodiments of the present
invention and is not intended to describe unique

embodiments by which the present invention can be carried.
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Furthermore, specific terminologies hereinafter
described are provided to assist understanding of the
present invention, and various modifications can be made in
the specific terminologies within the range that they do

5 not depart from technical spirits of the present invention.
[0001] FIG. 1 illustrates the concept of potential
interference in signal transmission and reception of a
communication system having a multi-cell environment.

[0002] When a plurality of base stations located in two or
10 more cell regions transmit signals to one mobile station,
interference may occur in a mobile station in one cell due
to signals transmitted to mobile stations in other cells,
as shown in FIG. 1.
[0003] Referring to FIG. 1, mobile stations (MS;, MS,, and
15 MS;) 23, 24, and 25 receive signals from base stations (BSi,
BS,;, and BS3;) 20, 21, and 22. A signal @D transmitted from
the base station 20 to the mobile stations 24 and 25 may
create interference with respect to the mobile station 23.
A signal @ transmitted from the base station 21 to the
20 mobile station 25 may create interference with respect to
the mobile station 24. Similarly, a signal @ transmitted

from the base station 22 to the mobile station 23 may
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create interference with respect to the mobile station 25.
Hereinafter, CSI feedback scheme will be described.
Tmplicit recommended transmission properties (e.g.,

CQI/PMI/RI) feedback and explicit CSI (Channel State

5 Information) feedback are two representative feedback
schemes, in which €SI feedback is categorized into
guantization CSI feedback and analogue CSI feedback.

Channel matrix H or correlation matrix R could be the
feedback information in the CSI case. For more efficient

10 transmission, noise variance (e.g., interference level) is
transmitted to the eNB together with channel matrix H or

covariance matrix R.

Equation 1 represents a general expression of a
spatial channel matrix.

15 [equation 1]
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h(B) hn (k) o ki (R) ]
n()y=| ) %,z:(k) hz,Nt:(k)

_hMj(k) hwg(k) Tt hMﬂW(k)

where
h(k) is spatial channel matrix of cell k.

h, (k) is an element of channel matrix h(k).

which means a channel state of i receive antenna and j” transmit antenna.
Nr is the number of receiver antenna.
Nt is the number of transmit antenna.

k 1is the index of cell.

Eguation 2 below represents a general expression of a

gspatial channel correlation matrix.

[equation 2]}

R=E| h" (k)n(k) |

where,

Risspatial channel correlation matrix

h(k)is spatial channel matrix of cell £

E[ ] is 'mean’

k1s frequency index

The spatial channel correlation matrix of equation can
be expressed as equation 3 below.
Equation 3 represents another expression of a spatial

channel correlation matrix.
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[equation 3]

(k) (k) e n(K)
R(k)= nalk) 7p (k) e o (K)

(3 . 3 .
- . . .
. . . .

_er,I(k) VNr,z(k) rNr,Nt<k)_

where Nt ig the number of transmit antennas.

In a case where every component of the correlation
5 matrix is included in the feedback information, the size of

the feedback information will be NXN pitg or 2(NtXNt)

bits if 1 bit guantization scheme or 2 bit guantization
scheme for one component of channel correlation matrix is
adopted. Then, it may cause a significant signalling
10 overhead for the MSs.
Assume that there are 8 antennas in the BS sgide. Thus
the correlation matrix with the size of 8*8 can be
expressed as Eguation 4.

[equation 4}
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) na(k) o mg(k)

(k
R ) 2 () (K)

LN N
L]
.
LK I

| 731 (k) T30 (k) e T (k)_

As geen from the equation 4, the 8*%8 gized correlation
matrix includes 64 components. Therefore, 64bits or 128bits
may be required for the feedback information. Even when the
symmetric property of correlation matrix is applied, 36
bits or 72 bits will be fed back. The symmetric property
may reduce the size of the feedback, but it is still a big
amount of information for the feedback.

According to one embodiment of the present invention,
only the diagonal components of a correlation matrix can be
included in the feedback information.

In adaptive feedback mode of IEEE 802.1l6m system, both
BS and MS may transform a predetermined base codebook to a
transformed codebook using a correlation matrix. In
adaptive mode, the codebook entity may be transformed by
the long term CSI. The long term CSI can be calculated by
averaging covariance matrix of the channel. The

transformation for codebook of rank 1 may be carried out
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according to following equation 5.
Equation 5 represents a mathematical expression for
the normalization of a precoder using a correlation matrix.

[equation 5]

P Rw,
"R

In egquation 5, Ye is an arbitrary precoder (PMI) in
the base codebook and ¥ is a normalized codebook obtained

by using the correlation matrix. Thus on the BS side, both
the PMI and the correlation matrix R are necessary for
10 obtaining the normalized codebook. Similarly, the BS may
recover a PMI of the base codeboock with a PMI of the
normalized codebook and the correlation matrix R.
On the MS side, an optimized precoder can be
determined by solving the following equation 6.
15 Egquation 6 represents a mathematical expression for
obtaining an optimized precoder (PMI) in the MS side.

[equation 6]
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2

W, =arg max |(Rw, )" H"H (Rw,)
2

-arg max|(w.)" Rw,

k

Here, Wor ig the optimized precoder (PMI) in terms of

MS’s optimal performance and R is a correlation matrix.

Wop i1l be fed back to BS together with correlation

5 matrix R.

The efficient feedback scheme of correlation matrix R
with low overhead according to one embodiment of the
present invention is introduced in the following
description.

10 To reduce the size of feedback information, a fast
fourier transform (FFT) matrix can be applied so that the
approximate diagonal matrix is obtained as following
equation 7.

Hereinafter, a FFT matrix will be described in brief.

15 A fast Fourier transform (FFT) i1is an efficient
algorithm to compute the discrete Fourier transform (DFT)
and its inverse. In mathematics, the DFT is a specific kind

of Fourier transform. The DFT is represented by the Fourier
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Matrix whose components are complex numbers. By using
properties of complex numbers and matrices a number of
important properties of the discrete Fourier and fast
Fourier transform are derived.

Equation 7 represents a mathematical expression for
obtaining a diagonal matrix using FFT matrix according to
one embodiment of the present invention.

[equation 7]

ﬁJ(k) ?2(k) - ?mn(k) Ay (k) oa(k) oy (k)
FHRF=ﬁ(k)= 7’2,1:(]‘7) rz,zz(k) rz,Nt:(k) 0 Gz,lz(k) /12,2:(]‘7) GZ,Né(k)

FN,J.(k) ;’A‘N,’z'(k) FN,,N.,(k) UN,’;(k) JN,’;(k) --: AMJ\;, (k)
O (k)

the transformed non-diagonal component with low amplitude,

In equation 7, F is the Fourier matrix. is
which could be omitted. In other words, when the
calculation according to equation 7 is carried out,

diagonal components of the R(k) matrix are much larger than

the off-diagonal components. For each row the diagonal
component is larger than the sum of the absolute value of

the off-diagonal components.

Therefore, only the diagonal values of R(k) ( i.e.,

&U(k)) will be fed back to BS side, which means that the
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respective feedback information size will be Nt pits or 2Nt
bits if the 1 bit quantization scheme or 2 bit gquantization
scheme for one component of channel correlation matrix is
adopted.

For instance, in the case of 8 Tx (Eqguation 4), the
gsize of feedback information is reduced to 1/8 compared
with the conventional gcheme.

Therefore, the feedback signalling overhead can be
significantly reduced, so that the MS operation can be more

efficient.

On the BS sgide, when the BS receives feedback
R(k)

information including the diagonal components of the

inverse process for recovering the correlation matrix is
done ag following equation 8.

Equation 8 represents an operation of a BS for
recovering the correlation matrix according to one
embodiment of the present invention.

[equation 8]

~

r,Z(k) %,Nr(k)

. . . -

,l(k) ’::i,Z(k) ’El,Nt(k)
2

R(K)=FR(k)F" =

~

_FNI,I(k) FN{,Z(k) FNt,Nt(k)_
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The obtained correlation matrix R(k) will be used to

get the transformed codebook according to Equation 5. Thus

the transformed precoder e will be decided based on the

other feedback information, i.e., PMI W@‘.

5 The above described scheme can also be applied to
multi-cell environment.

Rank 1 codebook based closed-loop MIMO is also a
promising mode for the mutil-cell joint processing (CO-MIMO
in IEEE 16m) since the cell-edge UEs are located where

10 channel condition is bad. Thus if the correlation matrix R
above 1s changed into the following matrix shown in
Eguation 9, the proposed scheme according to one embodiment
of the present invention is also fit for the multi-cell
case.

15 [equation 9]

H
Rmulticell — (H multicell ) Hmulticell

multicell

where is given as following Equation 10.

[equation 10]
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H multicell — [h1 hz hK]

_hu(k) h12<k) hu"k(k)—
th(k) hzz(k) hsz(k)

. . . .
. . . .
. . . .

_hm(k) th(k) hm;c (k)_

In equation 10, it is assumed that there are K cells
supporting the joint transmission and the cell k has T

transmit antennas. B is the cell k channel matrix of a MS

5 with R receiver antennas.

Accordingly, an MS can transmit information of

mudticell +o the serving BS with low overhead by generating
an approximated correlation matrix and adding only the
diagonal wvalues of the approximated correlation matrix to
10 the feedback information.
The above described feedback method will be re-
explained referring to FIG. 2.
FIG. 2 1is a flowchart illustrating an exemplary
procedure for transmitting feedback information in adaptive
15 feedback mode of an MS.
Referring to FIG. 2, an MS measures a channel between

the MS and a serving BS using a signal received from the
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gserving BS, then determines a correlation matrix using the
measured channel in steps S210.

The MS determines an optimized precoder (PMI) in terms
of the mobile station’'s performance by calculating above
described Equation 6 in step S8220.

The MS then generates an approximated diagonal matrix
using a Fourier matrix and the correlation matrix by
calculating above described Equation 7 in step S230.

The MS selects only the diagonal values of the
approximated matrix and transmits the selected wvalues to
the serving BS along with the optimized precoder
information as feedback information in step S240.

According to another embodiment of the present
invention, a mobile station and base station (FBS, MBS), on
which the above described embodiments of the resent
invention can be performed, are explained as follows.

First of all, a mobile station works as a transmitter
in uplink and ig able to work as a receiver in downlink. A
base station worksg as a receiver in uplink and is able to
work as a transmitter in downlink. In particular, each of
the mobile gstation and the base station can include a

transmitter and a receiver for transmission of information
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and/or data.

Each of the transmitter and the receiver can include a
processor, a module, a part and/or a means for performing
embodiments of the present invention. In particular, each
of the transmitter and the receiver can include a module
(means) for encrypting a message, a module for interpreting
the encrypted message, an antenna for transceiving the
message and the like. Examples of these transmitting and
receiving sides are explained with reference to FIG. 3 as
follows.

FIG. 3 1is a block diagram for an example of a
transmitting and receiving sgide structure according to
another embodiment of the present invention.

Referring to FIG. 3, a left side shows a structure of
a transmitting side and a right side shows a structure of a
receiving side. The transmitting/receiving side can include
an antenna 5/10. a processor 20/30, a transmitting (Tx)
module 40/50, a receiving (Rx) module 60/70 and a memory
80/90. Bach of the elements can perform a corresponding
function. The respective elements are explained in detail
as follows.

First of all, the antenna 5/10 performs a function of



10

15

20

WO 2010/147287 31 PCT/KR2010/000790

transmitting a signal generated by the Tx module 40/50
externally or a function of receiving a radio signal
externally and then delivering the received radio signal to
the Rx module 60/70. If MIMO function is supported, at
least two antennas can be provided.

The antenna, Tx module and Rx module can configure a
radio communication (RF) module.

The processor 20/30 Dbasically controls overall
operations of components of the tranémitting side and
receiving side. For example, the processor is able to
control the processes of above-described correlation matrix
feedback method according to one embodiment of the present
invention.

In particular, the processor of a mobile station is
able to measure a channel between the mobile station and a
serving BS using a signal received from the serving BS by
controlling the RF module.

Then, the processor determines a correlation matrix
and an optimized precoder in terms of the mobile station’s
performance using the measured channel by calculating above
described Equation 2 and Equation 6, respectively. In order

to reduce signaling overhead, the processor generates an
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approximated diagonal matrix using a Pourier matrix and the
correlation matrix by calculating above described Equation
7.

The processor then selects only the diagonal values of
the approximated matrix and transmits the selected wvalues
to the serving base station as feedback information. Here,
the above-determined optimized precoder (PMI) can also be
transmitted to the serving base station along with the
diagonal wvalues.

Meanwhile, the processor of the base station may
perform inverse processing as Egquation 8 to recover the
correlation matrix which was determined by the mobile
station using the feedback information received from the
mobile station. Then, the processor may obtain a
transformed precoder for adaptive feedback mode by using
the recovered correlation matrix and the optimized precoder.
Then the processor is able to control data transmission to
the mobile station to be carried out using the transformed
precoder for the optimized performance of the mobile
station.

The Tx module 40/50 performs prescribed coding and

modulation on data, which is scheduled to be externally
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transmitted by the processor 20/30, and is then able to
deliver the coded and modulated data to the antenna 10/5.

The Rx module 60/70 reconstructs a radio signal
externally received via the antenna 5/10 into original data
by performing decoding and demodulation on the radio signal
and is then able to deliver the reconstructed original data
to the processor 20/30.

A program for processing and control of the processor
20/30 can be stored in the memory 80/90. And, the memory
20/30 can perform a function for temporary storage of
inputted/outputted data (e.g., sleep mode information
according to reference synchronization information, etc.).
Moreover, the memory 80/90 can include at least one storage
medium of such a type as a flash memory type, a hard disk
type, a multimedia card micro type, a card type of memory
(e.g., SD memory, XD memory, etc.), a Random Access Memory
(RAM) type, an SRAM (Static Random Access Memory type), a
Read-Only Memory (ROM) type, an EEPROM (Electrically
Erasable Programmable Read-Only Memory) type, a PROM
(Programmable Read-Only Memory) type, a magnetic memory
type, a magnetic disc type, and optical disc type, and the

like.
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Meanwhile, a base station uses at least one of the

above mentioned modules to perform a controller
for performing the above-described embodiments
present invention, an OFDMA (orthogonal frequency
multiple access) packet scheduling, TDD (time
duplex) packet scheduling and channel multiplexing
a MAC (medium access control) frame variable
function according to a service characteristic and

wave environment, a fast traffic real-time control

function

of the

division

division

function,

control

electric

function,

a handover function, an authentication and encryption

function, a packet modulation/demodulation function for

data transmission, a fast packet channel coding function, a

real-time modem control function and the like

or can

further include separate means, modules and/or parts for

performing these functions.

While the presgent invention has been described and

illustrated Therein with reference to the preferred

embodiments thereof, it will be apparent to those skilled

in the art that various modifications and variations can be

made therein without departing from the spirit and

the invention. Thus, it 41is intended that the

scope of

present

invention covers the modifications and variations of this
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invention that come within the scope of the appended claims
and their equivalents. Moreover, claims failing to be
explicitly cited in-between are combined to construct new
embodiments or can be included as new claims by Amendment

after filing the application.
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[craTms]
[claim 1]

A method for transmitting correlation matrix feedback
information of a mobile station considering adaptive
feedback mode in a multi-cell wireless communication system,
the method comprising:

measuring a channel Dbetween the mobile gtation and a
serving base station wusing a signal received from the
serving base station;

determining a first matrix indicating channel state
information and a first precoder wusing the wmeasured
channel ;

generating a second matrix using a Fourier matrix and
the first matrix; and

transmitting feedback information including at least
one of information of the first precoder and diagonal
values of the sgsecond matrix to the serving base station.

[Claim 2]

The method according to claim 1, wherein the first
precoder is a precoder selected among at least one precoder
included in a first codebook by considering optimal

performance of the mobile station.
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[Claim 3]
The method according to claim 2, wherein the first is
determined as Equation a below.
[Equation al
2
= X |(w )H R'w
) Wy

Wy

Where is an arbitrary precoder in the first

codebook, Wopt is the first precoder, and R is the first

matrix, respectively.
[Claim 4]
10 The method according to claim 1, wherein the second
matrix is determined as Equation b below.

[Equation Db]

~

R=F"RF
Where }2 is the second matrix, F is a Fourier matrix,

15 and R is the first matrix, respectively.
[claim 5]
The method according to claim 1, wherein the first
matrix i1is a correlation matrix, and wherein the second

matrix is an approximated diagonal matrix.

20 [Cclaim 6]
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The method according to claim 1, wherein the first
codebook is a base codebook.
[claim 7]

A method for transmitting data of a base station

O considering adaptive feedback mode in a multi-cell wireless
communication system, the method comprising:

receiving feedback information including diagonal
values of a second matrix and information of a first
precoder from a mobile station;

10 recovering a first matrix using the diagonal values;

obtaining a second precoder using the recovered first
matrix and the first precoder; and

transmitting data precoded with the second precoder to
the mobile station,

15 wherein the second matrix is determined by
approximation using the first matrix and a Fourier matrix
in the mobile station.

[Claim 8}
The method according to claim 7, wherein the first

20 matrix is recovered as Equation ¢ below.

[Equation c]

R=FREH



WO 2010/147287 39 PCT/KR2010/000790

~
~

Where .]2 igs the recovered first matrix, F 1is a
~
Fourier matrix, and }? is an approximated second matrix

including the diagonal values, respectively.
[claim 9]

5 The method according to claim 8, wherein the second
precoder is obtained as Equation d below.

[Equation d]

W o= Rw_
|Rw |

Where w 1is the first precoder, R is the recovered

10 first matrix and W is the second precoder, respectively.

[Claim 10]

The method according to claim 8, wherein the first
precoder is determined by the wmobile station, by
considering optimal performance of the mobile station under

15 a channel state between the mobile station and the base
station.
[claim 11]

The method according to claim 10, wherein the first

precoder 1is a precoder included in a base codebook, and

20 wherein the gecond precoder is a precoder included in a
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transformed codebook for the adaptive feedback mode.
[claim 12}

The method according to claim 7, wherein the first
matrix 1s a correlation matrix, and wherein the second
matrix is an approximated diagonal matrix.

[claim 13])

A mobile station that supports codebook based adaptive
feedback mode in a multi-cell wireless communication system,
the mobile station comprising:

a processor; and

a radio frequency (RF) module for transmitting and
receiving a radio signal to and from the outside under the
control of the processor,

wherein the processor is configured to:

measure a channel between the mobile station and a
serving base station wusing a signal received from the
serving base station;

determine a first matrix indicating channel state
information and a first precoder wusing the measured
channel;

generate a gecond matrix using a Fourier matrix and

the first matrix; and
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control the RF module to transmit feedback information
including at least one of information of the first precoder
and diagonal values of the second matrix to the serving
base station.

5 [claim 14]

A mobile station according to claim 13, wherein the
processor determines the first precoder among at least one
precoder included in a first codebook by considering
optimal performance of the mobile station.

10 [claim 15]

A mobile station according to claim 14, wherein the

processor determines the first precoder as Equation a below.

[Equation al
2

w,, = arg max|(w,)” Bw,

%

15 Where "¢ is an arbitrary precoder in the first
codebook, o ig the first precoder, and R is the first

matrix, respectively.
[claim 16])
A mobile station according to claim 13, wherein the
20 processor determines the second precoder as Equation b

below.
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[Equation b]
R=F"RF
Where-lz is the second matrix, F is a Fourier matrix,
and R is the first matrix, respectively.
5 [claim 17}
A mobile station according to claim 13, wherein the

first matrix is a correlation matrix, and wherein the

second matrix is an approximated diagonal matrix.

[claim 18]

10 A mobile station according to claim 13, wherein the

first codebook ig a base codebook.
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[FIGURES]

[FIGURE 1]
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[FIGURE 2]
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