wo 2011/002132 A1 I T 0KV 00O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

s . TN
(19) World Intellectual Property Organization /g [} 11N A0 00100000 00
ernational Bureau S,/ ‘ ) |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #
6 January 2011 (06.01.2011) WO 2011/002132 A1l
(51) International Patent Classification: Hogye-Dong, Dongan-Gu, Anyang, Gyeonggi-Do
H04B 7/08 (2006.01) 431-080 (KR).
(21) International Application Number: (74) Agent: PARK, Jang-Won; 3rd Floor, Shinyoung Wacoal
PCT/KR2009/006515 Bldg., 49-4 Nonhyun-dong, Gangnam-gu, Seoul 135-814
(KR).

(22) International Filing Date:
6 November 2009 (06.11.2009) (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(30) Priority Data: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

61/221,546 29 June 2009 (29.06.2009) Us KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(71) Applicants (for all designated States except US): LG ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NL

ELECTRONICS INC. [KR/KR]; 20, Yeouido-Dong, NO, NZ, OM, PE, PG, P11, PL, PT, RO, RS, RU, SC, SD,

Yeongdeungpo-Gu, Seoul 150-721 (KR). INDUSTRY- SE, 8G, SK, SL, SM, ST, 8V, 8Y, TJ, TM, TN, TR, TT,
UNIVERSITY COOPERATION FOUNDATION, SO- T2, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

GANG UNIVERSITY [KR/KR]; Sogang University, (84) Designated States (unless otherwise indicated, for every

1-1, Sinsu-Dong, Mapo-Gu, Seoul 121-742 (KR). kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
121-742 (KR). LEE, Dong-Uk [KR/KR]; Sogang Uni- TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
versity, 1-1, Sinsu-Dong, Mapo-Gu, Seoul 121-742 (KR). ML, MR, NE, SN, TD, TG).

SUNG, Wonjin [KR/KR]; Sogang University, 1-1, Sinsu- Published:

Dong, Mapo-Gu, Seoul 121-742 (KR). KIM, Byoung-
Hoon [KR/KR]; 533, Hogye-Dong, Dongan-Gu, Anyang,
Gyeonggi-Do 431-080 (KR). JO, Jun-Ho [KR/KR]; 533,

(72) Inventors; and

(75) Inventors/Applicants (for US only): KIM, Jaewon [KR/
KR]; Sogang University, 1-1, Sinsu-Dong, Mapo-Gu,
Seoul 121-742 (KR). CHANG, Jaewon [KR/KR]; So-
gang University, 1-1, Sinsu-Dong, Mapo-Gu, Seoul

—  with international search report (Art. 21(3))

(54) Title: METHOD FOR RECEIVING DATA IN MULTT INPUT MULTI OUTPUT

[Fig. 3]
200 100

Transmittfr %7 i YiL‘ Refeiver

X ——» 1
J Hierarchical structure : ‘V : Codebook update|
codebook generation . request unit

t index indicating hierarchical structure |

(57) Abstract: Disclosed is a method for receiving data in a Multi Input Multi Output (MIMO) system, the method comprising:
decoding data transmitted from a transmitter by using one beam-forming vector included in a codebook that beam-forming vectors
are formed in a hierarchical structure according to at least one of change directions of radio channels, the number of channel
change directions, and a change rate; determining whether to update the beam-forming vector based on the radio channel changes;
selecting other beam-forming vector included in the codebook having a hierarchical structure when it is determined that update for
the beam-forming vector is required; feed-backing information about an index indicating where the selected beam-forming vector
is located in the hierarchical structure of the codebook to the transmitter; and decoding data received from the transmitter by using
the selected beam-forming vector.
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Description
Title of Invention: METHOD FOR RECEIVING DATA IN MULTI
INPUT MULTI OUTPUT
Technical Field
[1] The present invention relates to a data reception method, and particularly, to a

method for receiving data in a multi-input multi-out (MIMO) system.

Background Art

[2] Recently, wireless communication techniques for providing various multimedia
services in wireless communication environments are being developed. In order to
provide high quality multimedia services, data transmission at a high speed is required.
As a representative technique for supporting data transmission at a high speed,
research on a Multiple Input Multiple Output (MIMO) technique is actively ongoing.

[3] According to the MIMO technique, a plurality of antennas are used to increase
channel capacity within limited frequency resources. In an environment where
scattering is rich, a plurality of antennas are used to provide channel capacity theo-
retically proportional to the number of antennas.

[4] According to the MIMO technique, a space and area where antennas can be installed
are limited, and a spacing between antennas much influences on communication per-
formance. That is, the narrower the spacing between antennas is, the higher a cor-
relation between radio channels is. Especially, when antennas have the same po-
larization, radio channels have a very high correlation with each other. The radio
channels having a high correlation are not completely independent from each other.
Accordingly, the high correlation may prevent increase of a sum data rate of a commu-
nication system using the MIMO technique. Furthermore, interference occurring
between the radio channels may reduce the reliability of data communication, and may
reduce a data transmission rate.

[5] In order to efficiently transmit data according to the MIMO technique, data has to be
coded in advance, which is referred to as ‘pre-coding’. And, a rule for data pre-coding
is expressed as a matrix, which is referred to as ‘pre-coding matrix’. The pre-coding
matrix is generated based on one or more codeword matrices included in a codebook.

[6] A base station performs data pre-coding based on information about a channel status
between itself and a terminal, and transmits the pre-coded data to the terminal. Then,
the terminal measures a channel between itself and the base station, and feedbacks in-
formation to the base station on the measured channel.

[7] The conventional closed-loop MIMO technique may enhance the efficiency of a

MIMO system by exchanging feedback information between a transmitter and a
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[21]

receiver through a reverse direction channel.

The feedback information exchanged in the conventional closed-loop MIMO
technique includes channel status information, transmission signal process vector in-
formation, etc.

Especially, a closed-loop MIMO beam-forming technique for obtaining an array gain
based on a diversity gain and multi-transmission antennas has been applied to a com-
munication system standard such as 3GPP release-99, 3GPP LTE, and IEEE 802.16e,
by using vectors which process beam-forming transmission signals based on a
codebook.

Methods for generating a codebook may include a Grassmannian packing method, a
Lloyd-type vector quantization method, a discrete Fourier transform (DFT) method,
etc. Especially, the methods for generating a codebook may include a Grassmannian
based Householder method in IEEE 802.16e, and may include a DFT based
Householder method in 3GPP LTE.

The Grassmannian packing method indicates a method for selecting vectors equally
spaced from each other in a domain based on a characteristic that optimal beam-
forming vectors are isotropically distributed in the domain where beam-forming signal
process vectors exist, and for configuring a codebook based on the selected vectors.

The Lloyd-type vector quantization method indicates a method for quantizing beam-
forming vectors into representative vectors that can minimize a preset expectation
value of a distortion function with consideration of a randomly distributed charac-
teristic of a channel matrix.

The DFT method indicates a method for using a Fourier transform matrix having a
unitary characteristic as a codebook.

The Householder method indicates a method for generating a matrix having a unitary
characteristic, the matrix which enables a multi-stream or multi-user closed-loop
MIMO system by using preset beam-forming vectors.

FIG. 1 shows a MIMO system in accordance with the conventional art.

As shown in FIG. 1, a transmitter 20 is provided with NT antennas, and a receiver 10
is provided with Ny antennas.

N g x 1 reception signal vectors received from the transmitter 20 having Ny antennas

by the receiver 10 having Ny antennas may be expressed as the following Equation 1.
Equation 1

r=Hx+n
Here,H enotes a channel matrix of /V 5 x/NV r X denotes a NV 7 x 1 transmission

signal vector, and n denotes additive white Gaussian noise (AWGN) of NV zx 1.

The channel matrix (H) may be expressed as the following Equation 2 by a singular
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value decomposition (SVD).
Equation 2

H=UZV”

Here, Y =diag{61,62, ...,0:uan} denotes a diagonal matrix composed of Eigen values
of H ,and U=[u,, us,...,Ueman] and V=[v, Vs,...,Veanan] are matrices composed of Eigen
vectors corresponding to the Eigen values.

Accordingly, an index of a maximum Eigen value is defined as
argmax{ ¢;}
m pu—

i=1,..rank{iH}

, and a method for using v, and u ,, " as transmission and reception beam-forming
vectors is defined as a maximum Eigen-mode transmission method.

However, the conventional beam-forming method has the following problems.

Firstly, the base station has to precisely know the channel status information with the
terminal.

Secondly, the transmission beam-forming vector (v, ) has to be informed to the base
station by a large amount of feedback resources.

As a method for obtaining a beam-forming gain with utilizing only limited feedback
resources, there have been proposed codebook-based beam-forming methods.
According to the proposed methods, a transmitter and a receiver share a predetermined
codebook, and the receiver feedbacks, to the transmitter, only an index indicating
beam-forming vectors inside the codebook. Here, in the case of using feedback
resources having B bits, 25 beam-forming vectors may be included in the codebook.

However, the codebook-based closed-loop MIMO beam-forming method also
utilizes limited number of feedback bits. This may cause a codebook set to be
configured, the codebook set having elements corresponding to the number of beam-
forming vector indexes that can be indicated by the limited number of feedback bits.

Due to the restrictions that the limited number of bits are used, optimal beam-
forming vectors having a random characteristic can not be precisely represented. Es-
pecially, the more the number of transmission antennas is, the more performance
degradation due to the limited number of feedback bits increases.

Furthermore, beam-forming vectors generated based on feedback information
selected by the terminal may be outdated due to a user’s mobility, feedback delay, etc.
This may result in performance degradation which becomes more severe as the user’s

mobility is greater and the feedback delay is longer.
Disclosure of Invention

Solution to Problem
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Therefore, an object of the present invention is to provide a method for solving per-
formance degradation due to feedback using a limited number of bits.

Another object of the present invention is to provide a method for solving per-
formance degradation due to a user’s mobility and feedback delay.

To achieve these and other advantages and in accordance with the purpose of the
present invention, as embodied and broadly described herein, there is provided a
method for receiving data in a Multi Input Multi Qutput (MIMO) system, the method
comprising: decoding data received from a transmitter by using one beam-forming
vector included in a codebook that beam-forming vectors are formed in a hierarchical
structure according to at least one of change directions of radio channels, the number
of channel change directions, and a change rate; determining whether to update the
beam-forming vector based on the radio channel changes; selecting other beam-
forming vector included in the codebook having a hierarchical structure when itis de-
termined that update for the beam-forming vector is required; feed-backing in-
formation about an index indicating where the selected beam-forming vector is located
in the hierarchical structure of the codebook to the transmitter; and decoding data
received from the transmitter by using the selected beam-forming vector.

To achieve these and other advantages and in accordance with the purpose of the
present invention, as embodied and broadly described herein, there is also provided a
terminal having multi antennas, the terminal comprising: a storage unit configured to
store a codebook that beam-forming vectors are formed in a hierarchical structure
according to at least one of change directions of radio channels, the number of channel
change directions, and a change rate; a processor configured to decode data transmitted
from a transmitter by using one beam-forming vector included in the codebook having
a hierarchical structure, configured to determine whether to update the beam-forming
vector based on the radio channel changes, and configured to select other beam-
forming vector included in the codebook with consideration of the radio channel
changes when it is determined that update for the beam-forming vector is required; and
a transceiver configured to transmit information about an index indicating where the
selected beam-forming vector is located in the hierarchical structure of the codebook to
the transmitter.

The index of the selected beam-forming vector may indicate information on which
layer the selected beam-forming vector is located and where the selected beam-
forming vector is located in the layer.

The hierarchical structure of the codebook may be implemented such that each layer
has a different channel change direction.

The hierarchical structure of the codebook may be implemented such that each layer

has a different number of channel change directions.
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[40] The hierarchical structure of the codebook may be implemented such that each layer
has a different channel change rate.

[41] The selection for other beam-forming vector may be performed with consideration of
correlation with the previously fed-back beam-forming vector.

[42] The present invention may have the following advantages.

[43] Firstly, performance degradation due to feedback using a limited number of bits may
be solved.

[44] Secondly, performance degradation due to a user’s mobility and feedback delay may
be solved.

[45] The foregoing and other objects, features, aspects and advantages of the present
invention will become more apparent from the following detailed description of the
present invention when taken in conjunction with the accompanying drawings.

Brief Description of Drawings

[46] The accompanying drawings, which are included to provide a further understanding
of the invention and are incorporated in and constitute a part of this specification, il-
lustrate embodiments of the invention and together with the description serve to
explain the principles of the invention.

[47] In the drawings:

[48] FIG. 1 is a view showing a MIMO system in accordance with the conventional art;

[49] FIG. 2 is a view showing a system according to a first embodiment of the present
invention;

[50] FIG. 3 is a view showing a system according to a second embodiment of the present
invention;

[51] FIGS. 4 to 8 are exemplary views each showing a hierarchical structure of a
codebook; and

[52] FIG. 9 is a view showing simulation results of the system according to a second em-
bodiment of the present invention.

Mode for the Invention

[53] Description will now be given in detail of the present invention, with reference to the
accompanying drawings.

[54] The present invention may be applied to all communication systems to which the
techniques of the present invention are applicable.

[55] Unless differently defined, all the terms used herein with including technical or

scientific terms have the same meaning as terms generally understood by those skilled
in the art relating to the field of the present invention. Terms defined in a general
dictionary should be understood so as to have the same meanings as contextual

meanings of the related art. Unless definitely defined in the present invention, the
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terms are not interpreted as ideal or excessively formal meanings. Furthermore, when
the technical terms used in the present invention are unsuitable technical terms that do
not precisely express the techniques of the present invention, the unsuitable technical
terms should be replaced by suitable technical terms that can be understood by those
skilled in the art. The general terms used in the present invention should be interpreted
based on the previous or next contexts, but should not be interpreted as an excessively
narrowed meaning.

A singular expression includes a plural concept unless there is a contextually dis-
tinctive difference therebetween. In the present invention, a term of “include” or
“have” should not be interpreted as if it absolutely includes a plurality of components
or steps of the specification. Rather, the term of “include” or “have” may not include
some components or some steps, or may further include additional components.

Though terms of ‘first’, ‘second’, etc. are used to explain various components, the
components are not limited to the terms. The terms are used only to distinguish one
component from another component. For example, a first component may be referred
to as a second component, or similarly, the second component may be referred to as
the first component within the scope of the present invention.

When it is mentioned that one component is “connected” or “accessed” to another
component, it may be understood that the one component is directly connected or
accessed to the another component or that still other component is interposed between
the two components. In the meantime, when it is mentioned that one component is
“directly connected” or “directly accessed” to another component, it may be un-
derstood that no component is interposed therebetween.

Hereinafter, preferred embodiments of the present invention will be explained in
more detail with reference to the attached drawings. The same or similar components
of one embodiment as or to those of another embodiment will be provided with the
same or similar reference numerals, and their detailed explanations will be omitted.
And, if it is regarded that detailed descriptions of the related art are not within the
range of the present invention, the detailed descriptions will be omitted.

Hereinafter, the term of a ‘mobile terminal” will be used. The mobile terminal may
be also referred to as a user equipment (UE), a mobile equipment (ME), and a mobile
station (MS). The UE may be a mobile device having a communication function, such
as a portable phone, a PDA, a smart phone, and a notebook. Also, the UE may be an
immobile device such as a PC and a vehicle mounted device.

FIG. 2 is a view showing a system according to a first embodiment of the present
invention.

As shown in FIG. 2, a transmitter 200 is provided with Ny antennas, and a receiver

100 is provided with NR antennas.
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[63] N px1 signal vectors received from the transmitter 200 having NT antennas by the
receiver 100 having NR antennas may be expressed as the following Equation 3.

[64] Equation 3

051 r=Hlnw,,x+n

[66] Here, H [n] denotes a channel matrix of NV g x/N 7, W ; |, denotes a transmission
beam-forming vector of NV 7 x 1, x denotes data transmitted to the receiver 100, and
n denotes an additive white Gaussian noise (AWGN) vector of N px 1,

[67] [ 72 Jincluded in the channel matrix(H)and the beam-forming vector(W ; | , ; ) denotes
a coherence time block, or a time slot number of a feedback signal. This signifies that
the channel matrix (H) and components of transmission beam-forming vectors may be
different from each other between [ 72 Jand [12 + 1 ].

[68] In the case of processing the received signal with using a maximum ratio combining
method, a received signal to Noise Ratio (SNR) is obtained as follows.

[69] Equation 4

7Ol Hpw |

N

[71] Here, NV denotes the average of AWGN power.

[72] The receiver 100 transmits relating information to the transmitter 200 so that the
transmitter 200 can use beam-forming vectors that can maximize the Equation 4.

[73] However, in the real system mobility of the receiver 100 (e.g., terminal) and
feedback delay exist. Accordingly, beam-forming vectors generated by information
fed-back from the receiver 100 can not have their guaranteed optimality.

[74] This channel change rate may be expressed as a normalized Doppler frequency
(NDF) parameter defined as a value obtained by multiplying a maximum Doppler
frequency determined based on a moving speed of the receiver 100, by feedback delay.
The larger the NDF is, the quicker the channel change rate is.

[75] Accordingly, H[ 2] and H[ 2 + 1 ] have a correlation determined by the NDF, and
W ;rnjand W ; [, ;1 have a correlation determined by the NDF in the beam-forming
vector.

[76] Accordingly, the first embodiment of the present invention proposes a codebook for
selecting beam-forming vectors according to a channel change direction, with con-
sideration of a correlation between feedback beam-forming vectors adjacent to each
other.

[77] In the case of a codebook having D channel change directions, a codebook

[78]

generation/update unit of the transmitter 200 generates the codebook as shown in the
following Equation 5.

Then, the transmitter 200 transmits, to the receiver 100, information about the
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[85]
[86]

[87]

[88]

[89]

[90]

[91]

generated codebook, and information about a selected transmission beam-forming
vector (e.2.,W ; [ »1). And, the transmitter 200 pre-codes data by using the selected
transmission beam-forming vector, and then transmits the pre-coded data to the

receiver 100.

Equation 5

D _
Wy = Wiap Wopyr s W

Here, W ; (4 and W ;, denote vectors having different directions, and A denotes a
parameter indicating a changed degree in each direction.

Here, i and j are variables each having one value selected from a group {1, 2, ..., D},
and i is not identical to j (i.e.,, i%j).

The receiver 100 receives the data by using the codebook transmitted from the
transmitter, and the selected transmission beam-forming vector (e.g., W ; ().

A codebook update request unit of the receiver 100 determines information for
update of the transmission beam-forming vector, based on the codebook, the
transmission beam-forming vector (or previously fed-back transmission beam-forming
vector,W ; |, ), and a channel change direction. Then, the codebook update request
unit of the receiver 100 reports the determined information to the transmitter 200
through a feedback channel. If the update information fed-back to the transmitter 200
by the receiver 100 indicates a d* vector in the matrix shown in the Equation 5, the
transmitter 200 updates the transmission beam-forming vector (W ; [ , ;) according to
the following Equation 6, thereby generating a new transmission beam-forming vector
(Wi tn 1)

Equation 6

Wi = (Wa'm TR )/ ” Wi W l‘

The receiver 100 also generates a new beam-forming vector (W ; [, +1;) according

to the Equation 6,

The transmitter pre-codes the data by using the new beam-forming vector (W ; | ,
+17), and transmits the pre-coded data to the receiver 100.

Then, the receiver 100 decodes the data by using the transmission beam-forming
vector (e.2.,W ; ;» +13). These processes are repeatedly performed.

FIG. 3 is a view showing a system according to a second embodiment of the present
invention.

According to the second embodiment shown in FIG. 3, a codebook optimal to the
aforementioned various channel change directions and channel change rates is

generated in a multi-hierarchical structure, thereby being utilized to update beam-
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[99]

[100]

[101]

[102]

[103]

forming vectors.

The second embodiment is similar to the first embodiment, and thus only different
parts from the first embodiment will be explained.

The codebook generation unit of the transmitter 200 generates a hierarchical structure
of a codebook so that each layer can have a different characteristic, based on factors to
optimize the codebook.

The factors to optimize the codebook include at least one of a change direction of a
codebook channel, the number of channel change directions, and a change rate of the
codebook.

Firstly, the channel directions of the codebook are determined by element vectors
inside a codebook set shown in the Equation 5. Accordingly, each layer of the
codebook may be designed to have one or more element vectors having different direc-
tivities.

Secondly, the number of channel change directions of the codebook is determined by
the number of element vectors inside a codebook set shown in the Equation 5. Ac-
cordingly, each layer of a codebook may be designed to have a different number of
element vectors.

Thirdly, the channel change rate of the codebook is defined as a parameter (A) which
represents a changed degree in each direction defined in the codebook set shown in the
Equation 5. Accordingly, each layer of a codebook may be designed to have a different
changed rate (A).

The codebook generation unit of the transmitter 200 generates a hierarchical structure
based on at least one of the three optimization factors.

The codebook update request unit of the receiver 100 transmits a feedback signal to
the transmitter 200. The feedback signal may include an index indicating information
on which layer the selected beam-forming vector is located and where the selected
beam-forming vector is located in a layer.

The transmitter 200 may allocate uplink resources for the feedback signal in several
manners.

For instance, the transmitter 200 may allocate different independent resources for a
first index indicating which layer the selected beam-forming vector is located, and a
second index indicating where the selected beam-forming vector is located in a layer.
Alternatively, the transmitter 200 may allocate the same resource for both the first
index and the second index.

In another alternative manner, the transmitter 200 may perform the resource al-
location periodically, or upon receipt of request from the receiver 100.

Hereinafter, the operation of the MIMO system according to the present invention

will be explained for understanding of the second embodiment.
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[104]

[105]
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[107]
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[109]
[110]

[111]

[112]
[113]

It is assumed that the number of antennas of the transmitter 200 is four (NT = 4).
And, the beam-forming vector may include magnitude information and phase in-
formation as a signal process value to be multiplied by each antenna element.
However, the case that the beam-forming vector transmits only phase information will
be explained hereinafter.

To generates a codebook having various channel change directions and change rates,
there are general methods such as a DFT matrix method, a Grassmannian packing
method, a Lloyd-type RVQ algorithm method, and a Householder reflection method.
Hereinafter, will be explained a DFT matrix method, and a phase change tracking
method according to each antenna.

The resource allocation for feedback signals may be performed periodically
according to each feedback period, or may be performed upon receipt of request from
the receiver. Hereinafter, will be explained a case that resource allocation for
movement between each layer, and for beam-forming vector update is performed
according to each feedback period.

The receiver 100 transmits, to the transmitter 200, information for updating a beam-
forming vector to be used in the next feedback period based on a beam-forming vector
used in the current feedback period by the transmitter 200. Here, update for a beam-
forming vector may not be required like a case that W ; [, +1,-W ; | » ;. Hereinafter,
this case will be referred to as a ‘stay state’, and information relating to the ‘stay state’
is included in a feedback signal transmitted to the transmitter 200 by the receiver 100.

As one example to generate the codebook of the present invention, adjacent vectors
of a DFT matrix may be used when D is 2 (D=2). In this case, a codebook as shown in

the following Equation 7 may be generated.

Equation 7
- - - T
1 |
iy 7
W2 e Jon eJ A
s TYWi) T| sie b Waw) T| pe, ([
e e
o=/, %

As another example, may be used a phase change tracking method according to each
antenna. In this case, may be generated a codebook for tracking phase change of one

antenna as shown in the following Equation 8.

Equation 8
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As still another example, may be generated a codebook for tracking phase changes of

two antennas as shown in the following Equation 9.

Equation 9
'q - - r q9 BN
1 1 1
0 /8
ng W6 eij A e 16 1
=< . . >
A A ] ) +
eiﬂ?A 1 e LN
1 eifaa eing

\ - - - - L -

As yet still another example, may be generated a codebook for tracking phase

changes of three antennas as shown in the following Equation 10.

Equation 10

~ — —_

1
+J0,
W26_ WIS eJA .
A TANPA 5| 16,

e

+ j&

Le}ﬁ

FIGS. 4 to 8 are exemplary views each showing a hierarchical structure of a

codebook.

The codebook of FIG. 4 is designed such that a hierarchical structure thereof can
have different channel change directions and channel change rates.

The codebook of FIG. 5 is designed such that a hierarchical structure thereof can
have the same channel change direction and number of channel change directions, but
have different channel change rates.

The codebook of FIG. 6 is designed such that a hierarchical structure thereof can
have the same channel change rate, but have different channel change directions and
number of channel change directions.

The codebook of FIG. 7 is designed such that a hierarchical structure thereof can
have the same channel change direction and number of channel change directions, but
have different channel change rates. In this case, will be explained a method for inde-
pendently allocating resources for feedback signals for movement between each layer
and for update beam-forming vectors. Firstly, since the codebook is composed of two

layers, resources of one-bit may be allocated for an index indicating movement
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between each layer. Also, each layer of the code book has six beam-forming vector
update information, and totally has seven information with including the ‘stay state’.
Accordingly, in order to update beam-forming vectors, three bits are required with
including one reserved state. And, feedback resources of total four bits may be
allocated.

[125] The codebook of FIG. 8 is designed such that a hierarchical structure thereof can
have different channel change directions, different number of channel change di-
rections, and different channel change rates. In this case, the same resources are
allocated for feedback signals. The codebook of FIG. 7 has five layers, and the total
number of beam-forming vector update information of each layer is 60. When the ‘stay
state’ and three ‘reserved states’ are added to 60, the total number of states is 64. This
may allow the resources to be allocated for feedback signals of six-bit.

[126] FIG. 9 is a view showing simulation results of the system according to a second em-
bodiment of the present invention.

[127] In FIG. 9, environments of Nz = 1, Nt =4, and N, = 1 were considered, and channel
changes occurring due to mobility of the receiver and feedback delay were evaluated in
a period of NDF =0.01 ~ 0.1.

[128] Information was fed-back to the transmitter 200 by the receiver 100 with con-
sideration of only a phase value according to each antenna. In order to maintain
transmission power according to each antenna as a constant value, a transmission

beam-forming vector shown in the following Equation 11 was assumed.

[129] Equation 11

[130] T 01
Wit = 7| gitain]
T
e/t
[131] In order to test performance of the present invention, were used an “Optimal EGT”

method for informing an optimal beam-forming vector to a base station by using
limitless feedback resources, a “6-bit Quantized EGT” method for transmitting phase
information quantized into 2-bit according to each antenna (the total number of bits is
6), and a “B-bit DFT” method which utilizes an NT x 2B DFT matrix as a codebook.
[132] In order to test performance of the present invention, a codebook having a hier-
archical structure shown in FIG. 8 was also used. And, it was assumed that each layer
of the codebook of an MLCB has a channel change rate having a size of 0=n/4 .
[133] FIG. 9 shows performance of “6-bit MLCB” according to the present invention in
comparison with performance of “Optimal EGT”, “6-bit Quantized EGT” and “6-bit



13

WO 2011/002132 PCT/KR2009/006515
DFT”.
[134] Referring to FIG. 9, the “6-bit MLCB” according to the present invention showed

[135]

[136]

[137]

performance more excellent than that of the “6-bit Quantized EGT” method and “6-bit
DFT” method in all NDF regions. The MLCB of the present invention may have more
enhanced performance by optimally controlling the size of a channel change rate
according to changes of NDF, rather than by fixing the size of the change rate to
O=n/1 .

In addition, the above various embodiments may be implemented by using, computer
software, hardware, or some combination thereof. For instance, the method of the
present invention may be stored in the storage medium (e.g., internal memory, flash
memory, hard disc, etc.), or may be implemented in codes or commands inside a
software program that can be executed by a processor such as a microprocessor inside
a mobile terminal.

The foregoing embodiments and advantages are merely exemplary and are not to be
construed as limiting the present disclosure. The present teachings can be readily
applied to other types of apparatuses. This description is intended to be illustrative, and
not to limit the scope of the claims. Many alternatives, modifications, and variations
will be apparent to those skilled in the art. The features, structures, methods, and other
characteristics of the exemplary embodiments described herein may be combined in
various ways to obtain additional and/or alternative exemplary embodiments.

As the present features may be embodied in several forms without departing from the
characteristics thereof, it should also be understood that the above-described em-
bodiments are not limited by any of the details of the foregoing description, unless
otherwise specified, but rather should be construed broadly within its scope as defined
in the appended claims, and therefore all changes and modifications that fall within the
metes and bounds of the claims, or equivalents of such metes and bounds are therefore

intended to be embraced by the appended claims.
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14

PCT/KR2009/006515

Claims
A method for receiving data in a Multi Input Multi Output (MIMO)

system, the method comprising:

decoding data received from a transmitter by using one beam-forming
vector included in a codebook that beam-forming vectors are formed in
a hierarchical structure according to at least one of change directions of
radio channels, the number of change directions, and a change rate;
determining whether to update the beam-forming vector based on a
change of the radio channel;

selecting other beam-forming vector included in the codebook having a
hierarchical structure when it is determined that update for the beam-
forming vector is required;

feed-backing information about an index indicating where the selected
beam-forming vector is located in the hierarchical structure of the
codebook to the transmitter; and

decoding data received from the transmitter by using the selected
beam-forming vector.

The method of claim 1, wherein the index of the selected beam-forming
vector indicates information on which layer the selected beam-forming
vector is located and where the selected beam-forming vector is located
in the layer.

The method of claim 1, wherein the hierarchical structure of the
codebook is implemented such that each layer has a different channel
change direction.

The method of claim 1, wherein the hierarchical structure of the
codebook is implemented such that each layer has a different number of
channel change directions.

The method of claim 1, wherein the hierarchical structure of the
codebook is implemented such that each layer has a different channel
change rate.

The method of claim 1, wherein the selection for other beam-forming
vector is performed with consideration of correlation with the
previously fed-back beam-forming vector.

A terminal having multi antennas, the terminal comprising:

a storage unit configured to store a codebook that beam-forming
vectors are formed in a hierarchical structure according to at least one

of change directions of radio channels, the number of channel change
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[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]
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directions, and a change rate;

a processor configured to decode data transmitted from a transmitter by
using one beam-forming vector included in the codebook having a hier-
archical structure, configured to determine whether to update the beam-
forming vector based on a change of the radio channel, and configured
to select other beam-forming vector included in the codebook with con-
sideration of the radio channel changes when it is determined that
update for the beam-forming vector is required; and

a transceiver configured to transmit information about an index in-
dicating where the selected beam-forming vector is located in the hier-
archical structure of the codebook to the transmitter.

The terminal of claim 7, wherein the index of the selected beam-
forming vector indicates information on which layer the selected beam-
forming vector is located and where the selected beam-forming vector
is located in the layer.

The terminal of claim 7, wherein the hierarchical structure of the
codebook is implemented such that each layer has a different channel
change direction.

The terminal of claim 7, wherein the hierarchical structure of the
codebook is implemented such that each layer has a different number of
channel change directions.

The terminal of claim 7, wherein the hierarchical structure of the
codebook is implemented such that each layer has a different channel

change rate.
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