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(57) ABSTRACT

A space-time code has a codeword matrix. The codeword
matrix is a square matrix with dimension equal to the number
of the transmit antennas, wherein a row of the codeword
matrix represents combined signals transmitted by each
transmit antenna and a column of the codeword matrix rep-
resents timeslots of the number of the transmit antennas.
Signals are transmitted through the rows of the number of
spatial multiplexing rate, in each column of the matrix. Fur-
ther, the symbols of the number of the transmit antennas are
combined by way of utilizing complex weights, in each row
of the matrix. With this space-time code, a delay is mini-
mized, so that change of channels can be managed efficiently.
Also, the space-time code has minimum number of data sym-
bols, and thus its complexity is minimized.
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TRANSMITTER HAVING FULL-DIVERSITY
AND FULL-RATE, A LINEAR SPACE-TIME
CODE GENERATING METHOD FOR THE
TRANSMITTER, AND A MIMO SYSTEM
USING SAME

This application is a continuation application of PCT inter-
national application serial number PCT/KR2006/004165
filed on Oct. 16, 2006, which is designated the United States.

CROSS-REFERENCE(S) TO RELATED
APPLICATION(S)

The present invention claims priority of Korean Patent
Application No. 10-2006-0060124, filed on Jun. 30, 2006,
which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a Multiple Input Multiple
Output (MIMO) system; and, more particularly, to a trans-
mitter having full-diversity and full-rate, a linear space-time
code generating method for the transmitter, and a MIMO
system using same.

BACKGROUND OF THE INVENTION

There has been rapid increase of demands for communica-
tion services such as a prevalence of communication services,
an appearance of various multimedia services and high qual-
ity services, and the like. To meet the demands actively, first
of all, capacity of communication systems should be
increased, and as is more highly required in wireless commu-
nications than in wired communications. The reason is that,
though available frequency resources are limited and should
be shared in wireless communications, the demands for wire-
less communications are rapidly increasing because of the
merits thereof. To increase communication capacity in wire-
less communication environments, there are two methods:
one of them is finding available frequency bands and the other
1s increasing efficiency of the existing resources. Techniques
receiving much attention recently and being developed
actively as a method for increasing efficiency of the wireless
resources are space-time code techniques, which increase
reliability through a diversity gain without increasing band-
width but by obtaining additional spatial region for utilizing
the wireless resources by way of attaching any number of
antennas on transmitters/receivers, or increase transmit
capacity through parallel transmissions by spatial multiplex-
ing.

Capacity of wireless channels can be increased reasonably
by employing MIMO technique. Space-time block code tech-
nique is proposed by Alamouti, ‘A simple transmit diversity
technique for wireless communications’, IEEE JSAC, vol.
16, no. 8, October 1998, and is a representative transmit
diversity technique for overcoming fadings in wireless chan-
nels by using any number of antennas in transmitters/receiv-
ers. According to this technique, two antennas are used for
transmissions and diversity order is the number of transmit
antennas multiplied by the number of receive antennas; thus,
full-diversity gain can be obtained. However, transmit rate is
a value of 1 because only two data signals can be transmitted
during two timeslots through two transmit antennas; there-
fore, spatial multiplexing gain cannot be obtained without
regard to the number of receive antennas. Further, transmit
techniques for systems having more than three transmit
antennas are not presented.
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2

On the other hand, V-BLAST (Vertical Bell Laboratories
Layered Space-Time) system proposed by Bell Lab (‘Detec-
tion algorithm and initial laboratory results using V-BLAST
space-time communication architecture’, IFE, Vol. 35, No. 1,
pp. 14~16, 1999) is a representative technique for obtaining
spatial multiplexing gain. In accordance with this technique,
in a transmitter, each of the transmit antennas transmits dif-
ferent signals at the same transmit power and rate, and, in a
receiver, transmitted signals are detected through three steps
and executed thereby: detection ordering; interference null-
ing; and interference cancellation. Accordingly, unnecessary
interferences are removed in sequence, then, SNR (Signal-to-
Noise Ratio) can be raised highly. In addition, if the number
of the receive antennas is equal to or greater than the number
of the transmit antennas, separate data signals corresponding
to the number of the transmit antennas can be transmitted at
the same time; thus, spatial multiplexing gain can be fully
maintained. However, because the number of the receive
antennas should be greater than the number of the transmit
antennas and diversity order should be maintained a value of
1 to obtain full multiplexing gain, diversity gain cannot be
obtained. Therefore, if a signal is restored wrongly in bad
channel environments, it affects detecting of a next signal to
be transmitted; thus, drastic declines of the performance can
be occurred.

Unlike the two foregoing techniques, in recent, there has
been published a lot of LD-STC (Linear Dispersion Space-
Time Code) using a linear dispersion matrix for FDFR (Full
Diversity Full Rate) with optimal diversity-multiplexing
tradeoff, which is proposed by Zheng and Tse. An LD-STC is
a space-time code for obtaining diversity gain and multiplex-
ing gain at the same time by way of properly combining and
transmitting data symbols by using a dispersion matrix. A
multiple antenna system using a linear space-time code in a
vector-matrix form is represented in Equation 1.

Yo (Equation 1)
Y1
Lyur-1 ]
Y
1 1 1
[H] wo WL - WLRr-l
1 1 1
[H] W0 War e WiRT
H, T
(. [ -—Tl-- Wrno Wy - WNRT-L
Hstack Y
Heg
So 1A
Sl n
. + .
USer- 1 Ly ]
s N

InEquation 1 above, Y is a received signal vectorand H,,
shows a multiple antennas channel matrix corresponding to
several timeslots. Further, S refers to a transmit signal vector
and N represents a Gaussian noise vector. Here, @ is a linear
dispersion matrix of the space-time code; as known from
Equation 1, the performance ofthe system is determined by ®
of the space-time code. Hence, the performance of the system
depends on how to design the linear dispersion matrix ®.
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There are some conventional linear dispersion space-time
codes. As linear dispersion space-time codes optimized for
multiple antennas systems having two transmit antennas,
there are Tilted-QAM method (“Structured space-time block
codes with optimal diversity-multiplexing tradeoff and mini-
mum delay’, Globecom, in Proc. Vol. 4, pp. 1941-1945,
December 2003) proposed by Yao and Wornell, and Golden
code (‘The Golden code: a 2x2 full-rate space-time code with
non-vanishing determinants’, ISIT 2004, p. 310, July 2004)
proposed by Belifiore, Rekaya, and Viterbo. Further, as for
linear dispersion space-time codes capable of being designed
regardless of the antenna structures, there are TAST code
(‘Linear threaded algebraic space-time constellations’, ISIT
2003, pp. 2372-2388, October 2003) proposed by Damen,
Gamal, and Beaulieu, and Heath code (‘Capacity maximizing
linear space-time code’, IEICE vol. E85-C, no. 3, pp. 428-
435, March 2002) proposed by Heath and Paulraj. However,
there are some defects in the conventional linear space-time
codes. Both Tilted-QAM and Golden codes are optimized
only for multiple antennas environments having two transmit/
receive antennas. In addition, as for TAST or Heath code,
because utilizing and combining complex weights of an iden-
tical size cannot maximize coding gain, or generating random
matrixes for searching a linear dispersion matrix results in
excessively high complexity, looking for a dispersion matrix
for an optimized performance is difficult. Hence, to defeat the
defects therein, Lee and Oh proposed GOD method (‘Design
of space-time codes achieving generalized optimal diversity’,
Globecom, in CD, 2005). According to GOD method,
because the code can be organized without regard to the
antenna structure and spatial multiplexing rate, minimizing
the constraints of the complex weights of the linear dispersion
matrix raises the coding gain, and optimal linear dispersion
matrix can be obtained readily by utilizing the power con-
straints and the orthogonal constraints; therefore, maximum
diversity gain and coding gain can be obtained along with
maintaining the multiplexing gain. However, with respect to
GOD method, because the optimal complex weights varies
according to the antenna structure and multiplexing rate, and
the number of the complex weights increases rapidly as the
number of the transmit antennas or the spatial multiplexing
rate increases, the design complexity increases exponentially
as the dimension of the space-time code increases.

SUMMARY OF THE INVENTION

Itis, therefore, an object of the present invention to provide
a transmitter having full diversity, full rate, and minimum
delay by way of employing a space-time code made by a
matrix, wherein in each column of the matrix, signals are
transmitted only through the rows of the number of spatial
multiplexing rate, but not through the other rows, and in each
row ofthe matrix, symbols of the number oftransmit antennas
are combined using complex weights.

Another object of the present invention is to provide a
method for generating the space-time code as set forth above,
and a multiple antenna system for transmitting data symbols
by using the generated space-time code.

In accordance with one aspect of the present invention,
there is provided a transmitter for transmitting numerous
information symbols for use in a MIMO (Multiple Input
Multiple Output) system, which includes:

a space-time encoder for encoding data symbols provided
thereto using a space-time code; and

anumber of transmit antennas for transmitting the encoded
data symbols to a receiver,
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4

wherein a codeword matrix for transmitting symbols of the
number of transmit antennas multiplied by spatial multiplex-
ing rate in one coding block is a square matrix with dimension
equal to the number of the transmit antennas;

wherein a row of the codeword matrix represents combined
signals transmitted by each transmit antenna and a column of
the codeword matrix represents timeslots of the number of the
transmit antennas;

wherein the signals are transmitted through the rows of the
number of spatial multiplexing rate, in each column of the
matrix; and

wherein the symbols of the number of the transmit anten-
nas are combined by way of utilizing complex weights, in
each row of the matrix.

In accordance with another aspect of the present invention,
there is provided a method for generating a space-time code
used for transmitting numerous information symbols to a
receiver in a MIMO (Multiple Input Multiple Output) system
having a number of transmit/receive antennas, which
includes the steps of:

(a) setting the number of rows and columns of a codeword
matrix determining the space-time code as the number of the
transmit antennas, respectively, wherein the rows correspond
to combined signals transmitted by each transmit antenna and
the columns correspond to timeslots in one coding block;

(b) determining the number of the symbols to-be-transmit-
ted in one coding block as the number of the transmit antennas
multiplied by spatial multiplexing rate;

(c) selecting a specific column of the matrix, and assigning
the symbols of the number of the transmit antennas to the
rows of the number of spatial multiplexing rate in the selected
column;

(d) assigning complex weights corresponding to the sym-
bols assigned in the step (c) to each symbol to combine the
symbols; and

(e) repeating the steps (c) and (d) on the rest columns
except for the selected columns in the step (c), while different
symbols are assigned to each row and each column of the
matrix and different complex weights are assigned to the
identical symbols assigned to each column.

In accordance with still another aspect of the present inven-
tion, there is provided a multiple antenna system having a
number of transmit/receive antennas, which includes:

a transmitter for generating space-time code to transmit
data symbols through the transmit antennas in one coding
block, the space-time code corresponding to the symbols of
the number of the transmit antennas multiplied by spatial
multiplexing rate; and

a receiver for receiving data symbols transmitted by the
transmitter by way of utilizing a number of receive antennas
to restore the correspondent symbols by way of decoding the
space-time code,

wherein the space-time code has a codeword matrix, the
codeword matrix being a square matrix with dimension equal
to the number of the transmit antennas, a row of the codeword
matrix representing combined signals transmitted by each
transmit antenna and a column of the codeword matrix rep-
resenting timeslots of the number of the transmit antennas;

wherein data symbols are transmitted not through the other
rows but only through the rows of the number of spatial
multiplexing rate, in each column of the matrix; and

wherein data symbols of the number of the transmit anten-
nas are combined by way of utilizing complex weights, in
each row of the matrix.

In accordance with the present invention, it is possible to
design a space-time coding technique having both high cod-
ing gain and minimum delay, for MIMO systems, which
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utilized several antennas in transmitter/receiver, especially in
transmitter. With this code, change of channels can be man-
aged efficiently because the code has minimum delay, and, if
the receiver uses maximum induction detector, minimum
complexity can be obtained because the codeword has mini-
mum number of data symbols. Also, this novel coding tech-
nique can be applied to any multiple antenna systems, and
structure of the code can be changed readily according to
channel status, because the codeword may be defined system-
atically according to the number of the transmit/receive
antennas and multiplexing rate. Moreover, the code in accor-
dance with the present invention may be generated by rotat-
edly combining the codes of the number of multiplexing rate
to transmit, which have multiplexing rate of a value of 1, thus,
simplified structure capable of decreasing the design com-
plexity by much is also available. In accordance with the
present invention, by way of not transmitting through specific
antennas in arbitrary timeslot if spatial multiplexing rate is
smaller than the number of transmit antennas, interference
between sub-codes, which combine determinant of differ-
ence matrixes of space-time codeword matrixes with differ-
ent symbols, can be removed, and high coding gain can be
obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present
invention will become apparent from the following descrip-
tion of preferred embodiments given in conjunction with the
accompanying drawings, in which:

FIG. 1 is a block diagram of a multiple antenna system
using a space-time code in accordance with the present inven-
tion,;

FIG. 2 shows an embodiment of a multiple antenna system
using a space-time code in accordance with the present inven-
tion, wherein there are two transmit antennas and spatial
multiplexing rate is a value of 1;

FIG. 3 presents an embodiment of a multiple antenna sys-
tem using a space-time code in accordance with the present
invention, wherein there are two transmit antennas and spatial
multiplexing rate is a value of 2;

FIG. 4 illustrates an embodiment of a multiple antenna
system using a space-time code in accordance with the
present invention, wherein a space-time code matrix having
wo transmit antennas and spatial multiplexing rate of a value
of2 is obtained from a matrix having spatial multiplexing rate
of a value 1 by rotated combining;

FIG. 5 shows an embodiment of a full-diversity and full-
rate space-time code having generalized structure by way of
using rotated combining in accordance with the present
mvention;

FIG. 6 describes an embodiment of a multiple antenna
system using a space-time code in accordance with the
present invention, wherein there are three transmit antennas
and spatial multiplexing rate is a value of 1;

FIG. 7 is an embodiment of a multiple antenna system
using a space-time code in accordance with the present inven-
tion, wherein there are three transmit antennas and spatial
multiplexing rate is a value of 2;

FIG. 8 provides an embodiment of a multiple antenna
system using a space-time code in accordance with the
present invention, wherein there are three transmit antennas
and spatial multiplexing rate is a value of 3;

FIG. 9 shows an embodiment of a multiple antenna system
using a space-time code in accordance with the present inven-
tion, wherein there are four transmit antennas and spatial
multiplexing rate is a value of 1; and
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6
FIG.10sets forth a flowchart illustrating an embodiment of

a space-time code generating method in accordance with the
present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENT

Hereinafter, preferred embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings.

Referring to FIG. 1, there is shown a block diagram of a
multiple antenna system using a space-time code for obtain-
ing full diversity and full rate in accordance with the present
invention.

As shown in FIG. 1, a multiple antenna system in accor-
dance with the present invention includes: a transmitter 100
which encodes data inputs by using a space-time code accord-
ing to the present invention and transmits encoded data
through a plurality number (N,) of transmit antennas; and a
receiver 200, which receives signals through several number
(N,) of receive antennas, decodes them by using the space-
time code to detect information symbols.

The transmitter 100 has a space-time encoder and several
number of transmit antennas 120_1, . . ., 120_N,.

The space-time encoder 110 generates the space-time code
from the data symbol blocks provided thereto and transmits it
to the receiver 200 through the transmit antennas
120_1,...,120_N,.

The receiver 200 decodes the signals received through
several number of receive antennas 210_1, . . ., 210_N, by
using the space-time code to restore the data symbols
received from the transmitter 100.

According to the present invention, the space-time encoder
110 of the transmitter 100 and the space-time decoder 220 of
the receiver 200 encodes/decodes by using the space-time
code according to the present invention. The decoder 220
used in the receiver 200 may include a ML (Maximum Like-
lihood) decoder, a sphere decoder, or linear decoder.

In accordance with the present invention, a space-time
code is a block code, and defined as a square matrix with
dimension equal to the number of the transmit antennas, in
which a row represents combined signals transmitted by each
transmit antenna and a column represents timeslots of the
number of the transmit antennas. In each column of the
matrix, the signals are transmitted not through the rest of the
rows, but only through a number of the rows determined
based on the number of the spatial multiplexing rate. And, in
each row of the matrix, the symbols of the number of the
transmit antennas are combined by way of utilizing complex
weights.

That is, if the number of transmit antennas is N,, the num-
ber of receive antennas is N, and spatial multiplexing rate is
R, a space-time code matrix transmitted through N, transmit
antennas during N, timeslots can be represented as Equation
2. Herein, a condition of min(N,,N,)ZR should be satisfied to
obtain maximum spatial multiplexing gain; only R transmit
antennas transmit the signals in each timeslot; and N, signals
are combined and transmitted through each of the R transmit
antennas during one timeslot. Further, a set of all symbols
transmitted in one coding block is determined from a
weighted combining of N,xR symbols. Also, a multiple
antenna system using such a space-time code matrix is illus-
trated in FIG. 1.
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N1 38,1 2N,-1 (Equation 2)
1 0 Nl Ny
WS WL S WLj5i
= f=T =
2W,-1 Ny-1
1
Z W28 25
=N, =0
W,-1 RN,~1
W2 Ne—1
3,550 WR-2,j5]
J=N; J=(R=1N;
RN,-1 RN,~1
1 Ny
Wh S 0 WR-L,jSi
Xnpk = | =20, J=(RIN,
RN;-1
0 Z Wa 1S 0
J=RW,
0 0
Ny-1
. Ny-1
0 Z Why—1,S) ]
=0
28,-1 N;-1
-1 A
0 0 0 Wiz, Si Z Wh, g5
N =0

Wherein, s, represents the j, data symbol transmitted, and =
w, ;' refers to a complex weight for combining the j,, symbol whoso + vl 51wl o5y + W5 (Equation 4)
transmitted through the i, antenna in the t,, timeslot. To Ko = WhoS2 + Wy 1S3Wh 080 + W3 151
obtain minimum delay with the space-time code matrix, the ' o '
number of the columns is always set to N,. 0
Herein, the symbols assigned to each transmit antenna are In Equation 4, the codeword matrix can have a variety of
combined by different complex weights. In addition, the ~ forms according to the combination of the signals of each
codeword matrix is determined to transmit the same set of ~ oen0A. The optimal code ina system embodied using Equa-
. . . . : tion 4 can be obtained by optimizing the eight complex
symbols as transmitted at different timeslot. at one timeslot in weights in Equation 4 according to the design rule. However,
a coding block; assign any symbol to a specific transmit 35 the number of the complex weights to be optimized increases
antenna once in the coding block; and assign the symbols to as the number of the transmit antennas or spatial multiplexing
all transmit antennas at least once in the coding block. rate increases, consequently, the design complexity increases
Further, the codeword matrix is determined such that the exponentially. Hence, in accordance with the present inven-
’ . : . tion, full-diversity and full-rate space-time code is designed,
set of symbols is assigned to each transmit antenna by cycle which is capable of obtaining a code having higher multiplex-
shift, that is, sets of symbols are cycle shifted on an antenna 40 ing rate, from a space-time code having spatial multiplexing
basis as the timeslots progress. When the cycle shifted sym- rate of a value of 1, by rotated combining. For exalrjnple,. as
bols are combined during the progress of the timeslots, if the shovyn in Equation 5, one space-time code X,,,™ .havmg
transmit antenna changed, complex weights combining the spatial multiplexing rate of  value of 2 can be obtained by
rotated combining of two space-time codes X, having spa-
same set of symbols are also changed. ) tial multiplexing rate of a value of 1. Also, a multiple antenna
For example, a codeword of a space-time code, if N2 and 4 system using sucha space-iime codeword matrix is illustrated
R=1, canbe expressed as Equation 3. Also, a multiple antenna in FIG. 4.
system using such a space-time codeword matrix is illustrated
in FIG. 2.
whoso +whis1  {whos2 +wh s3)ef | (Equation5)
50 e 72 ’
{wigsa +wi 53}/ Wy 80+ wy (51
w] oS0 +wl 151 0 (Equation 3)
Xoxi = 0 2 )
2070 F 51 Herein, 8, represents a phase angle for rotated combining.
As shown in Equation 5, X, having a set of data symbols of
55 sg 8, and X, having a set of data symbols of s,, s; are

In Equation 3, though the codeword matrix can have a
variety of forms, basic concept is that, two symbols are
weighted to combine and then transmitted in one antenna for
one timeslot, and for other timeslot, the two symbols are
combined with different weights and transmitted in other
antenna. The optimal code in a system using Equation 3 can
be obtained by optimizing the four complex weights in Equa-
tion 3 according to the design rule.

For example, a codeword of a space-time code, if N, =2 and
R=2, can be represented as Equation 4. Also, a multiple
antenna system using such a space-time codeword matrix is
illustrated in FIG. 3.
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combined with a phase angle of 0,. Thus, if a space-time code
is expanded in the above manner, compared to eight complex
weights that should be optimized in Equation 4, it is possible
to obtain full-diversity and full-rate space-time code by opti-
mizing only four complex weights and one phase angle in
Equation 5. Finally, by way of using the method above, full-
diversity and full-rate space-time code having high spatial
multiplexing rate under any antenna structure can be obtained
more readily. Equation 6 describes a full-diversity and full-
rate space-time code having generalized structure by way of
using rotated combining. Moreover, a multiple antenna sys-
tem using such a space-time codeword matrix is illustrated in
FIG.5.
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X,k = [Equation 6]
Ne-1 N -1 2N-1
Z wijsj 0 0.. & Z w’lvflsj o Z w’l\{’jsj
0 =2, =
2N,-1 Ne—1
e Z wijsj- W%JSJ 0
= =0
2N-1 RN;—-1
ot Z W%ijj woeft Z w’,\g/’,;}jsj
J=N; JE(R-1)Ny
RN,—1 RN,—1
oft Z w,lgyjsj : 0 eft Z w},\g/’,lyjsj
RN RN
RN-1
0 OF > whays : 0
=R
0 0
Ny-1
0. Z wx;:ijsj 0
=0
2N,-1 N1
0 0 0.. o Z wx:jjlsj Z wx:yjsj
= 0
Wherein @, i=1, . ..,R-11is the i, combining coefficient for
rotated combining of the R space-time codes having spatial 30
multiplexing rate of a value of 1.
For example, a codeword of a space-time code, if N,=3 and
R=1, can be represented as Equation 7. Also, a multiple
antenna system using such a space-time codeword matrix is
illustrated in F1G. 6.
w},oso + W},lsl + wi,zsz 0 0 [Equation 7]
X3x1 = 0 w%yoso + w%ylsl + w%yzsz 0
0 0 Wg,oso + Wg,lsl + W§,252

In Equation 7. though the codeword matrix can have a
variety of forms, basic concept is that, three symbols are 45
weighted to combine and then transmitted in one antenna for
one timeslot, and for other timeslot, the three symbols are
combined with different weights and transmitted in other
antenna.

As an example obtained by expansion of Equation 7, a 50
codeword of a space-time code, if N=3 and R=2, can be
expressed as Equation 8a. Also, a multiple antenna system
using such a space-time codeword matrix is illustrated in FIG.

KX3xa =
wioso + wilsl + wbsz 0 {w§7053 + w§7154 + w%lss}ejs’
1 1 1 7 2
Wi oS3 + W Sa +w,Ss)efT  wygso + W;ISI + W;ZSZ 0
0 {W%YOS3 + W%JM + w%yzss Jelor wgyoso + wgylsl + wgyzsz

Further, if N =3 and R-=2 as in Equation 8a, instead of using 5
rotated combining, the codeword can be depicted as Equation
8b by expanding Equation 2.

[Equation 8a]

10
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X3xz =
Wi,oSo + WhSl + WizSz 0 Wioé‘s + Wi154 + Wist
1 1 1 2 2
W03 + Wy 1S4 + W55 W%,oso +W3 S|+ 05,y 0
5
0 \4/%'053 + Wy sS4+ w%yzss Wgyoso + wgylsl + wgyzsz

As an example obtained by expansion of Equation 7, a code- 10

word of a space-time code, if N,=3 and R=3, can be repre-
sented as Equation 9a. Also, a multiple antenna system using
such a space-time codeword matrix is illustrated in FIG. 8.

KXix3 =

WiOSo + thl + Wizsz
i )
{w}’053 + w}’154 + w},zss}eﬂﬂ W%’OSO + w%ylsl +Wi,5

1 1 1 j9 2 2 je,
W oS6 + w157 + wus&}e’ 2 {W%.053 +wh sy + w27255}e‘y vl

In Equation 9a, though the codeword matrix can have a
variety of forms, basic concept is that, three symbols are
weighted to combine and then transmitted in three antennas
for one timeslot, and for other timeslot, the three symbols are
combined with different weights and transmitted in other
antennas.

Further, if N,=3 and R=3 as in Equation 9a, instead of using
rotated combining, the codeword can be depicted as Equation
9b by expanding Equation 2.

Xsx3 =

W{,OSO + W%,lsl + Wi,ZSZW%,Osﬁ + Wil.ﬁ + W%,ZSSWE,OS:? + WilS4 + Wi255
W%,053 + W5,154 + W%,zsswg,oso + W%,ls 1+ Wg,zszwg,oss + W;m + Wg,258

W%,OSG + w§,ls7 + w§,2s8w§,053 + w§,1s4 + wg,zssw;oso + wg,lsl + wg,zsz

Finally, a codeword of a space-time code, if N,=4 and R=1,
can be represented as Equation 10. Also, a multiple antenna
system using such a space-time codeword matrix is illustrated
in FIG. 9.

KXax1 =

W% oS0 + Wi 151+
1 1
W1,252 + Wi 253
Wg,oso + W§,151 +
‘4%,252 + W%,zss
w3050 +W§,151 +
3 . 3
W3 252 + W3 553

4 4
Wy oS0 + Wy 51+

4 4
W3 252 + Wy )83

A condition of determining w, / for generating space-time
code in accordance with the present invention is to keep

average powers of the signals transmitted through each trans- 65

mit antenna in one coding block evenly, as shown in Equation
11.

25

30

12

[Equation 8b]

Iwhol” + Wl 4.+ \w}yNﬁ”z =p [Equation 11]

[Equation 9a]

2 2 i, 3 3 i,
{w%osé + w3 157 + W) psglel 2 {w§7053 +W3 154 + W3 555 )€l
{wé,os(; + wg’l.w + wg’ZSg }@jgrl

3
w3050 + ‘@,151 + Wg,zsz

-continued

12 12 1 2
[wyol” + Wy [+t gy =P

[ ol [Nl o P =P

[Equation 9b]

Also, because one symbol is transmitted at several timeslots
in one coding block, average powers assigned to each symbol
in one coding block should be kept evenly, as shown in Equa-
tion 12.

[Equation 10]

12 2 N2 Equation 12
(ol + gl +...+ [wiio| =P (Eq I
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-continued

12 L2 N2
Mgl + 0wy oyl [ =P

2 2 Ny 2
Whal™ + g, + o+l = P
12 12 Ny Z_P
|W1,N,| +|W2,N,| +...+|ri,Nr| =

IfEquation 11 and Equation 12 are applied to the condition
that the number of transmit antennas and spatial multiplexing
rate are N=2, R=1 and N=2, R=2, respectively, complex
weights Wl,ol,wl,l1,W2,02,W2,12 satisfy Equation 13.

lwy o Py, 2=,

15
Wy 6 P+ lwy 212=P,
Iwy o' P+lws o?1*=P,
lwy ' Piw,  2P=P [Equation 13]
20

Wherein P represents total average power of the signal
transmitted through all antennas at one timeslot.

Further, if Equation 11 and Equation 12 are applied to the
condition that the number of transmit antennas and spatial
multiplexing rate are N, =3, R=1, 2, 3, respectively, complex ,
weights Wl,ols Wl,lls W1,21s Wz,ozs Wz,lzs Wz,zzs Ws,os: W3,13a
w, ,° satisfy Equation 14.

o

12 12 12_
wyo IP+lwy 14w 5 7=,

o 2 P+ Iwy 224w, 2 12=P, 30

w3 o* P+ ws 32 4+ws 2 1P=P,

lwy gt Py 2P 4+ws ,*1P=P,

35
lwy s PHiwsy 2P ws 2 1P=P,

o' PHwy 5”P4ws 5* P=P. [Equation 14]

Wherein P represents total average power of the signal
transmitted through all antennas at one timeslot.

If Equations 11 and 12 are applied to the condition that the
number of transmit antennas and spatial multiplexing rate are
N=4, R=1, complex weights w, ,',w, 'w, . Lw, *w, 2
W2,225W2,325W3,03sW3,135W3,2 W33 s Wap sWa 1 sWao sWy s
satisfy Equation 15.

12 12 12 12_
Wy Wy 14wy 5 4wy 37 [°=F,

o 62 P+ w2 24w, 2 Pw, 522 =P,

32 32 312 3122
1wy o7 [+ ws 7154wy 57 4wy 371°=F, S0

w0 Pt lwg  P4wy ot P 57 12=P,

Wy o Py o2 P+ws 6* 124w, 6P =P,

\lell \Z+\W2712\2+w3yl3\Z+w4714\Z:P,

55
Iy o' P lwy " Pws o Py . P=P,

w3 P iwy 3224wy 3 24w, 4 P=P [Equation 15]

Wherein P represents total average power of the signal
transmitted through all antennas at one timeslot.

To obtain complex weights for combination of symbols of
full-diversity and full-rate space-time code in accordance
with the present invention, while satisfying Equation 11 and
Equation 12, space-time code may be designed by searching
a weight w, “which maximizes the minimum size of a deter-
minant of difference matrixes, or by finding a weight w,
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which maximizes the average size of a determinant of differ-
ence matrixes. Equation 16 shows a design rule for maximiz-
ing the minimum size of a determinant, and Equation 17
provides a design rule for maximizing the average size of a
determinant.

max min |det(X* - X1)|2 [Equation 16]
Kyl

XX

max avg |det(X* —X1)|2 [Equation 17]

xkaxl

IfEquation 16 is applied to the condition that the number of
transmit antennas and spatial multiplexing rate are N=2,
R=1, complex weights wlaol,wlsll,wzaoz,wz, 2 are expressed
as Equation 18, and in an exemplary embodiment satisfying
Equation 18, the weights can have the values as in Equation
19.

[Equation 18]

[Equation 19]

r=1,

0, +60,=6,+06; +7,

P
2=

0_37r
Calt

IfEquation 16 is applied to the condition that the number of
transmit antennas and spatial multiplexing rate are N,=2,
R=2, complex weights Wlaol,wl,ll,wzaoz,wz, ,2 are expressed
as Equation 18, and in an exemplary embodiment satisfying
Equation 18, the weights can have the values as in Equation
20.

1+ \/5— [Equation 20]
= ,
Z

r=

91+94=92+93 +nr,

IfEquation 16 is applied to the condition that the number of
transmit antennas and spatial multiplexing rate are N=3,
R=1, complex weights Wl=01,W1=11,W1=21,W2’02,W2=12,W2=22,
Wi Wi, sWs," are expressed as Equation 21, and in an
exemplary embodiment satisfying Equation 21, the weights
can have the values as in Equation 22.
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reffl [Equation 21]

\/ (rf + r% +r§)

ryel®2

T—
\/ (r% + r% +r§)

jo
L rse’®3

\/ (rf + r% +r§)

7y &%

1 _
Wio =

2
W0 =

(rf + r% +r§)

ried?s

I ——
\/ (r% + r% +r§)

&%

Noi+rd+r)

roel®

= k]
\/ (rf + r% +r§)

rief’s

\/ (r% + r% +r§)

ry ef%

\/ (rf + r% +r§)

01 —64:02—05:03—06+7T,
05— 0 =0, — 03 =0 b5 +7,
04 —607 =05 -0y =05 —0g + 71,
r; =0.974,

rirs

2 _
Wo1 =
2 _
Wiy =
3 _
W30 =
3

Wi =

3 _
W3 =

[Equation 22]

= r+ry
ry = 0381,

IfEquation 16 is applied to the condition that the number of
transmit antennas and spatial multiplexing rate are N,=3,
R=2, complex weights w, o' wy "Wy, Wy 02Wa 5w, 07
Wi W3, sWs," are expressed as Equation 21, and in an
exemplary embodiment satisfying Equation 21, the weights
can have the values as in Equation 23.

9y — By = 0y —Bs = By — g+, [Equation 23]
03 —0=0,—03 =6, —0; +,

04 =07 =05 -0y =05 =g + 71,

IfEquation 16 is applied to the condition that the number of
transmit antennas and spatial multiplexing rate are N=3,
R=3, complex weights w, o', w, "W o'W, 0% W, 5 W, 57
Wi W3, »Ws,~ are expressed as Equation 21, and in an
exemplary embodiment satisfying Equation 21, the weights
can have the values as in Equation 24.

0 —64 =60y —05=03 -+, [Equaﬁon 24}
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-continued
03 —09 :02_98 =91 -6; +nr,

Oy — 0y = 05— 0y = b5 — 05 +7,

rp=1

FIG. 10 sets forth a flowchart illustrating preferred
embodiment of a space-time code generating method in
accordance with the present invention. Hereinafter, the space-
time code generating method will be described in detail.

As shown in FIG. 10, after data is inputted into a space-
time encoder 110, the space-time encoder 110 sets rows and
columns of a codeword matrix determining space-time code
(step 102). At this time, the rows of the codeword matrix
determining space-time code correspond to combined signals
transmitted by each transmit antenna 120_1, .. ., 120_N,. In
addition, columns of the codeword matrix correspond to
timeslots in one coding block. The numbers of rows and
columns of a codeword matrix are set to the number of the
transmit antennas 120_1, .. ., 120_N, respectively.

After setting the number of rows and columns of the code-
word matrix, the number of the symbols to-be-transmitted in
one coding block is determined as the number of the transmit
antennas 120_1, . . ., 120_N, multiplied by spatial multiplex-
ing rate (step 104).

After determining the number of symbols to-be-transmit-
ted by transmitter 100, a specific column of the matrix is
selected, and the symbols of the number of the transmit anten-
nas 120_1, ..., 120_N, are assigned to the rows of the number
of spatial multiplexing rate in the selected column (step 106).

Complex weight corresponding to the symbol assigned in
the step 106 is assigned to each symbol, and, thus the symbols
are combined with the complex weight (step 108). Herein,
complex weights are determined so that the minimum size of
a determinant of difference matrixes indicating the differ-
ences between the matrixes is maximized, or the average size
of a determinant of difference matrixes representing the dif-
ferences between the matrixes is maximized.

The steps 106 and 108 are repeated on the rest columns
except for the selected columns in the step 106, during which
different symbols are assigned to each row and each column
of the codeword matrix, and different complex weights are
assigned to the identical symbols assigned to each column
(step 110). It is preferred that, when assigning the symbols to
each row of the column adjacent to the selected column in the
step 110, the symbols assigned to each row of the specific
column be cycle shifted to assign thereto on a basis of column.
Further, it is preferred that, when selecting complex weights
to-be-combined with symbols, complex weights assigned to
each symbol be selected to maintain equally average power of
the symbols assigned to each row of the selected column,
average power of the total column selected, or average power
assigned to each symbol.

While the invention has been shown and described with
respect to the preferred embodiments, it will be understood by
those skilled in the art that various changes and modifications
may be made without departing from the spirit and scope of
the invention as defined in the following claims.
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What is claimed is:

1. A transmitter transmitting information symbols for use
in a MIMO (Multiple Input Multiple Output) system, com-
prising:

a space-time encoder for encoding data symbols input

using a space-time code; and

anumber of transmit antennas for transmitting the encoded

data symbols to a receiver,

wherein a codeword matrix for transmitting sets of sym-

bols of the number of transmit antennas when multiplied
by a spatial multiplexing rate in one coding block, is a
square matrix with a dimension equal to the number of
the transmit antennas;

wherein a row of the codeword matrix represents combined

signals transmitted by each transmit antenna, and a col-
umn of the codeword matrix represents timeslots of the
number of the transmit antennas;

wherein data symbols are transmitted through a number of

the rows of the codeword matrix determined based on a
number of the spatial multiplexing rate, in each column
of the codeword matrix; and

wherein the symbols of the number of the transmit anten-

nas are combined by way of utilizing complex weights,
in each row of the codeword matrix.

2. The transmitter of claim 1, wherein the symbols are
assigned only to the transmit antennas determined based on
the number of the spatial multiplexing rate at every timeslotin
the coding block;

wherein the number of the symbols assigned to each trans-

mit antenna corresponds to a total number of the trans-
mit antennas; and

wherein the codeword matrix is determined to make the

symbols assigned to each transmit antenna combined by
different complex weights and transmitted simulta-
neously through each transmit antenna.

3. The transmitter of ¢claim 2, wherein the codeword matrix
is determined to transmit a same set of symbols as transmit-
ted, at different timeslot, at one timeslot in the coding block;

assign any symbol to a specific transmit antenna once in the

coding block; and

assign the symbols to all transmit antennas at least once in

the coding block.

4. The transmitter of claim 1, wherein the codeword matrix
is determined to assign a set of symbols to each transmit
antenna by cycle shift, the sets of symbols being cycle shifted
on an antenna basis as the timeslots progress.

5. The transmitter of claim 4, wherein the codeword matrix
is determined to change complex weights combining a same
set of symbols, if the transmit antenna is changed.

6. The transmitter of claim 1, wherein the codeword matrix
is determined to equalize average powers of the combined
signals transmitted through each transmit antenna in one cod-
ing block.

7. The transmitter of claim 1, wherein the codeword matrix
1s determined to equalize the average powers assigned to each
symbol in one coding block.

8. The transmitter of claim 1, wherein the codeword matrix
is determined to maximize a minimum size of a determinant
of difference matrixes representing the differences between
matrixes.

9. The transmitter of claim 1, wherein the codeword matrix
is determined to maximize an average size of a determinant of
difference matrixes representing the differences between
matrixes.

10. The transmitter of claim 1, wherein the space-time code
for the spatial multiplexing rate of R is generated by way of
rotated combining the space-time code for a spatial multi-
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plexing rate of 1, if the spatial multiplexing rate is R, R being
an integer equal to or greater than 2.

11. A method for generating a space-time code used for
transmitting information symbols to a receiver in a MIMO
(Multiple Input Multiple Output) system having a number of
transmit/receive antennas, comprising:

(@) setting a number of rows and columns of a codeword
matrix determining the space-time code as the number
of the transmit antennas, respectively, wherein the rows
correspond to combined signals transmitted by each
transmit antenna and the columns correspond to
timeslots in one coding block;

(b) determining a number of the symbols to-be-transmitted
in one coding block as the number of the transmit anten-
nas multiplied by a spatial multiplexing rate;

(c) selecting a specific column of the matrix, and assigning
the symbols of the number of the transmit antennas to a
number of rows determined based on a number of spatial
multiplexing rate in the selected column;

(d) assigning complex weights corresponding to the sym-
bols assigned in the step (c) to each symbol to combine
the symbols; and

(e) repeating (c) and (d) on remaining columns except for
the selected columns in (c), while different symbols are
assigned to each row and each column of the matrix and
different complex weights are assigned to same symbols
assigned to each column.

12. The space-time code generating method of claim 11,
wherein (e) includes assigning the symbols assigned to each
row of the specific column selected, by cycle shifting on a
basis of the column, when assigning the symbols to each row
of the column adjacent to the specific column selected.

13. The space-time code generating method of claim 11,
further comprising: after (e), selecting complex weights
assigned to each symbol to equalize average power of the
symbols assigned to each row of the selected column. average
power of a total of the symbols in the specific column
selected, or average power assigned to each symbol.

14. The space-time code generating method of claim 11,
wherein the complex weights are selected to maximize a
minimum size of a determinant of a difference matrix repre-
senting the differences between matrixes, or to maximize an
average size of a determinant of the difference matrix repre-
senting the differences between matrixes.

15. A multiple antenna system having a number of trans-
mit/receive antennas, comprising:

a transmitter for generating space-time code to transmit
data symbols through the transmit antennas in one cod-
ing block, the space-time code corresponding to the
symbols of the number of the transmit antennas multi-
plied by a spatial multiplexing rate; and

a receiver for receiving data symbols transmitted by the
transmitter by way of utilizing a number of receive
antennas to restore correspondent symbols by decoding
the space-time code,

wherein the space-time code has a codeword matrix, the
codeword matrix being a square matrix with adimension
equal to the number of the transmit antennas, a row of the
codeword matrix representing combined signals trans-
mitted by each transmit antenna and a column of the
codeword matrix representing timeslots of the number
of the transmit antennas;

wherein data symbols are transmitted only through a num-
ber of the rows determined based on a number of spatial
multiplexing rate, in each column of the matrix; and
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wherein data symbols of the number of the transmit anten-
nas are combined by utilizing complex weights, in each
row of the matrix.

16. The multiple antenna system of claim 15, wherein the
symbols are assigned only to the transmit antennas deter-
mined based on of the number of spatial multiplexing rate for
every timeslot in the coding block;

wherein the number of the symbols assigned to each trans-

mit antenna corresponds to a total number of the trans-
mit antennas; and

5
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wherein the codeword matrix is determined to make the
symbols assigned to each transmit antenna combined by
different complex weights and transmitted simulta-
neously through each transmit antenna.
17. The multiple antenna system of claim 15, wherein the
receiver comprises an ML, (Maximum Likelihood) decoder, a
sphere decoder, or a linear decoder.



