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ADAPTIVE TRANSMISSION AND
RECEIVING METHOD AND DEVICE IN
WIRELESS COMMUNICATION SYSTEM

WITH MULTIPLE ANTENNAS

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korea Patent Application No. 2003-20464 filed on Apr. 1,
2003 in the Korean Intellectual Property Office, the content
of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a wireless communication
system with multiple antennas. More specifically, the
present invention relates to an adaptive transmission and
receiving method and device in a wireless communication
system with multiple antennas.

(b) Description of the Related Art

The MIMO (multiple input multiple output) method,
which is a transmission and receiving method using a
plurality of antennas at a transmitter and a receiver, is one of
the most noteworthy techniques in the wireless/mobile com-
munication systems because of its performance improve-
ment possibilities in increasing spectral efficiencies and
diversity of transmission and reception.

One method for increasing data rates from among the
transmission and receiving methods with multiple antennas
is an SM (spatial multiplexing) method, in which a symbol
sequence is divided into a plurality of sequences and trans-
mitted to different transmit antennas. The symbols transmit-
ted through the different antennas according to the SM
method can be detected by using an OSIC (ordered succes-
sive interference canceller) receiver, a linear receiver based
on ZF (zero forcing) or the MMSE (minimum mean square
error) criterion, or an optimal ML (maximum likelihood)
receiver.

Meanwhile, antenna diversity schemes are widely used to
reduce a multi-path fading effect without increasing the data
rates. In particular, the transmit diversity method by the
Alamouti scheme in the case of two transmit antennas is
widely applied to 3’7 generation mobile communication
systems and broadband radio-access systems, because the
transmit diversity method provides simple configurations of
the transmitter and the receiver and enables acquisition of
diversity of transmit and receive channels. The Alamouti
antenna transmit method is an orthogonal STBC (space time
block code) for two transmit antennas. However, an orthogo-
nal code exists only when two transmit antennas are pro-
vided, and hence, pseudo orthogonal STBCs have been
proposed for other numbers of transmit antennas. When such
codes are applied in the frequency domain as in the OFDM
(orthogonal frequency division multiplexing) transmission,
they are called as SFBC (space frequency block code).

As described, since the SM method transmits a different
symbol for each transmit antenna, its performance is sub-
stantially changed according to features of elements of an
MIMO channel, but since the performance of an STBC
method is determined not by each element of the MIMO
channel but by the summation of the elements, the STBC
method is less sensitive to the MIMO channel features, and
hence, a desired antenna transmit method can be differen-
tiated according to the channel environments.
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A prior art for improving performance such as capacity
and quality in the multiple antenna system is disclosed in
U.S. Pat. No. 6,351,499 by lospan which varies a number of
transmit antennas for SM according to characteristics of the
MIMO channel. However, since the number of the transmit
antennas is varied, functions of a receiver become compli-
cated, and the prior art does not exploit the advantages of an
STBC.

Together with this, an actively applied method for increas-
ing the data throughput in the current state is the adaptive
modulation coding method which selects a modulation order
and a code rate suitable for desired performance according
to an instantaneous state of fading and background noise
intensity of a wireless channel, and transmits them variably,
thereby increasing the data throughput. The above-noted
adaptive modulation coding method is applied to the HSDPA
and the 1XEV-DV which are evolved 3™ generation mobile
communication systems, and to the wireless LAN system
and to the broadband radio access system, and it has been
currently developed and commercialized.

However, selection references for channel state informa-
tion and a modulation and coding method used by the
conventional adaptive modulation coding methods are dif-
ficult to directly apply to wireless communication systems
with multiple antennas that use spatial multiplexing, perfor-
mance of which is greatly varied according to characteristics
of the MIMO channel.

SUMMARY OF THE INVENTION

It is an advantage of the present invention to provide an
adaptive transmission and receiving method and device in a
wireless communication system with multiple antennas for
adaptively modifying code rates, modulation methods, and
antenna transmit methods according to channel environ-
ments.

In one aspect of the present invention, an adaptive trans-
mit method of a transmitter in a wireless communication
system with multiple antennas for transmitting data to a
receiver with a plurality of receive antennas from the trans-
mitter with a plurality of transmit antennas through an
MIMO channel, comprises: (a) determining a channel cod-
ing method, a modulation method, and an antenna transmit
method so as to support different data rates according to a
characteristic of the MIMO channel, wherein the channel
coding method, the modulation method, and the antenna
transmit method are classified according to a main transmit
mode for supporting different data rates, and the main
transmit mode includes either or both of a sub-transmit
mode based on the STBC and a sub-transmit mode based on
the SM; (b) encoding input data according to the determined
main transmit mode; (¢) modulating the data encoded in (b)
according to the determined sub-transmit mode, mapping
them to modulation symbols, and outputting results; and (d)
mapping the data modulated in (c) to symbol vectors to be
transmitted through each transmit antenna according to the
determined sub-transmit mode, and outputting results.

The characteristic of the MIMO channel is indicated by an
antenna transmit performance parameter produced and fed
back by the receiver.

The (a) comprises: determining a main transmit mode that
provides the highest data rates from among the transmit
modes (which includes the main transmit mode and the
sub-transmit mode) that satisfy the performance required
according to the characteristic of the MIMO channel, and
determining a sub-transmit mode for reducing a transmit
power from the determined main transmit mode.
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The (d) comprises: performing antenna mapping based on
STBC when performing symbol mapping having a first
symbol constellation on the same main transmit mode in (c),
and (d) comprises: performing antenna mapping based on
SM when performing symbol mapping having a second
symbol constellation on the same main transmit mode in (c).

The (a) comprises: (i) comparing an STBC performance
parameter which is one of parameters for showing the
characteristic of the MIMO channel with a previously stored
STBC threshold value to select one of the main transmit
modes having a sub-transmit mode based on the STBC; (ii)
comparing an SM performance parameter which is one of
parameters for showing the characteristic of the MIMO
channel with a previously stored SM threshold value to
select one of the main transmit modes having a sub-transmit
mode based on the SM; and (iii) comparing the main
transmit mode selected in (i) with the main transmit mode
selected in (i) to determine a final transmit mode (which
includes a main transmit mode and a sub-transmit mode.

The (i) comprises: selecting a main transmit mode which
has a minimum positive number obtained by subtracting the
STBC threshold value from the STBC performance param-
eter, and (ii) comprises: selecting a main transmit mode
which has a minimum positive number obtained by sub-
tracting the SM threshold value from the SM performance
parameter.

The main transmit mode has indices in the ascending
order of data rates, and (iii) comprises: determining whether
the main transmit mode selected in (i) is greater than the
main transmit mode selected in (ii); determining the main
transmit mode selected in (i) and a sub-transmit mode based
on STBC of the selected main transmit mode as final
transmit modes (which include a main transmit mode and a
sub-transmit mode), when the main transmit mode selected
in (i) is greater than the main transmit mode selected in (ii);
and determining the main transmit mode selected in (i) and
a sub-transmit mode based on STBC of the selected main
transmit mode as final transmit modes (which include a main
transmit mode and a sub-transmit mode), when the main
transmit mode selected in (i) is matched with the main
transmit mode selected in (ii), and the value obtained by
subtracting the STBC threshold value from the STBC per-
formance parameter is greater than the value obtained by
subtracting the SM threshold value from the SM perfor-
mance parameter.

The adaptive transmit method comprises: determining the
main transmit mode selected in (ii) and a sub-transmit mode
based on SM of the selected main transmit mode as final
transmit modes (which include a main transmit mode and a
sub-transmit mode), when the main transmit mode selected
in (i) is greater than the main transmit mode selected in (i);
and determining the main transmit mode selected in (ii) and
a sub-transmit mode based on SM of the selected main
transmit mode as final transmit modes (which include a main
transmit mode and a sub-transmit mode), when the main
transmit mode selected in (i) is matched with the main
transmit mode selected in (ii), and the value obtained by
subtracting the SM threshold value from the SM perfor-
mance parameter is greater than the value obtained by
subtracting the STBC threshold value from the STBC per-
formance parameter.

In another aspect of the present invention, an adaptive
receive method of a receiver in a wireless communication
system with multiple antennas for transmitting data to the
receiver with a plurality of receive antennas from a trans-
mitter with a plurality of transmit antennas through an
MIMO channel, comprises: (a) extracting symbol informa-
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tion for each antenna from a signal received through the
MIMO channel according to a channel coding method, a
modulation method, and an antenna transmit method deter-
mined by the transmitter so as to support different data rates
according to a characteristic of the MIMO channel, wherein
the channel coding method, the modulation method, and the
antenna transmit method are classified according to a main
transmit mode for supporting different data rates, and the
main transmit mode includes either or both of a sub-transmit
mode based on the STBC and a sub-transmit mode based on
the SM; (b) performing channel decoding according to the
extracted symbol information for each transmit antenna, and
estimating transmitted data information; and (c) extracting a
parameter used by the transmitter for determining the chan-
nel coding method, the modulation method, and the antenna
transmit method by using an MIMO channel response
estimated from the signal received through the MIMO
channel.

The (c) comprises: (i) calculating an STBC performance
parameter which is one of parameters for showing charac-
teristics of the MIMO channel by using the estimated MIMO
channel response; and (ii) calculating a SM performance
parameter which is one of parameters for showing the
characteristics of the MIMO channel by using the estimated
MIMO channel response.

The (i) comprises: calculating a channel power sum by
using the estimated MIMO channel response; and calculat-
ing the STBC performance parameter by combining the
calculated channel power sum with the estimated MIMO
channel response.

The (i) comprises: calculating a linear equalization matrix
by using the estimated MIMO channel response; calculating
a transmit antenna post-processing SNR by using the cal-
culated linear equalization matrix; and calculating the SM
performance parameter by using the calculated transmit
antenna post-processing SNR.

In still another aspect of the present invention, an adaptive
transmit device in a wireless communication system with
multiple antennas for transmitting data to a receiver with a
plurality of receive antennas from a transmitter with a
plurality of transmit antennas through an MIMO channel,
comprises: an adaptive transmit controller for determining a
channel coding method, a modulation method, and an
antenna transmit method so as to support different data rates
according to a characteristic of the MIMO channel, wherein
the channel encoding method, the modulation method, and
the antenna transmit method are classified according to a
main transmit mode for supporting different data rates, and
the main transmit mode includes either or both of a sub-
transmit mode based on the STBC and a sub-transmit mode
based on the SM; a channel encoder for encoding data input
according to the channel encoding method determined by
the adaptive transmit controller, and outputting results; a
symbol mapper for modulating the data encoded by the
channel encoder according to the modulation method deter-
mined by the adaptive transmit controller, mapping them to
modulation symbols, and outputting results; and an antenna
mapper for mapping the data modulated by the symbol
mapper to symbol vectors to be transmitted through each
transmit antenna according to the antenna transmit method
determined by the adaptive transmit controller, and output-
ting results.

The symbol mapper comprises: a first symbol mapper for
modulating the data output by the channel encoder to a first
symbol constellation, and outputting results; and a second
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symbol mapper for modulating the data output by the
channel encoder to a second symbol constellation, and
outputting results,

the antenna mapper comprises: a first antenna mapper for
antenna-mapping the data modulated by the first symbol
mapper according to the STBC method; and a second
antenna mapper for antenna-mapping the data modulated by
the second symbol mapper according to the SM method, and

the adaptive transmit device further comprises: a demul-
tiplexer for connecting the output of the channel encoder to
one of the first and second symbol mappers according to the
modulation method determined by the adaptive transmit
controller; and a multiplexer for selecting one of the outputs
of the first and second antenna mappers according to the
antenna transmit method determined by the adaptive trans-
mit controller.

The adaptive transmit controller comprises: an STBC
threshold value lookup table for storing threshold values of
STBC; an SM threshold value lookup table for storing
threshold values of SM; an STBC transmit mode selector for
comparing an STBC performance parameter fed back from
the receiver with a threshold value stored in the STBC
threshold value lookup table to select one of the main
transmit modes; an SM transmit mode selector for compar-
ing an SM performance parameter fed back from the
receiver with a threshold value stored in the SM threshold
value lookup table to select one of the main transmit modes;
and a comparator for comparing the main transmit mode
selected by the STBC transmit mode selector with the main
transmit mode selected by the SM transmit mode selector to
determine final transmit modes (which include a main
transmit mode and a sub-transmit mode).

In still yet another aspect of the present invention, an
adaptive receive device in a wireless communication system
with multiple antennas for transmitting data to a receiver
with a plurality of receive antennas from a transmitter with
a plurality of transmit antennas through an MIMO channel,
comprises: an antenna/symbol demodulator for extracting
symbol information for each antenna from a signal received
through the MIMO channel according to a channel coding
method, a modulation method, and an antenna transmit
method determined by the transmitter so as to support
different data rates according to a characteristic of the
MIMO channel, wherein the channel coding method, the
modulation method, and the antenna transmit method are
classified according to a main transmit mode for supporting
different data rates, and the main transmit mode includes
either or both of a sub-transmit mode based on the STBC
and a sub-transmit mode based on the SM; a channel
decoder for performing channel decoding according to the
symbol information for each transmit antenna extracted by
the antenna/symbol demodulator, estimating transmitted
data information, and outputting results; a channel estimator
for estimating an MIMO channel response from a signal
received through the MIMO channel; and an adaptive trans-
mit parameter extractor for extracting a parameter used by
the transmitter for determining the channel coding method,
the modulation method, and the antenna transmit method by
using the MIMO channel response estimated by the channel
estimator.

The adaptive transmit parameter extractor comprises: an
STBC performance parameter calculator for calculating an
STBC performance parameter by using an MIMO channel
response estimated by the channel estimator; and an SM
performance parameter calculator for calculating an SM
performance parameter by using the MIMO channel
response estimated by the channel estimator.
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The STBC performance parameter calculator comprises:
a channel power sum calculator for calculating a channel
power sum by using the MIMO channel response estimated
by the channel estimator; and a combiner for combining the
channel power sum calculated by the channel power sum
calculator with the MIMO channel response estimated by
the channel estimator to calculate the STBC performance
parameter.

The SM performance parameter calculator comprises: a
linear equalizer for calculating a linear equalization matrix
by using the MIMO channel response estimated by the
channel estimator; an SM post-processing SNR calculator
for calculating a transmit antenna post-processing SNR by
using the linear equalization matrix calculated by the linear
equalizer; and a representative calculator for calculating a
representative of the SM performance parameter by using
the transmit antenna post-processing SNR calculated by the
SM post-processing SNR calculator.

The antenna/symbol demodulator performs orthogonal
diversity combination by using the MIMO channel response
estimated by the channel estimator to detect transmit sym-
bols when the antenna transmit method determined by the
transmitter is a space encoding method, and to detect the
transmit symbols by using one of the ML detection method,
the OSIC detection method, the MMSE linear equalization
method, and the ZF linear equalization to method when the
antenna transmit method determined by the transmitter is a
SM method.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate an
embodiment of the invention, and, together with the descrip-
tion, serve to explain the principles of the invention:

FIG. 1 shows a block diagram of an adaptive antenna
transmit and receive device for a wireless communication
system with multiple antennas according to a preferred
embodiment of the present invention;

FIG. 2 shows a detailed block diagram of a transmitter of
the adaptive antenna transmit and receive device for a
wireless communication system with multiple antennas
according to a preferred embodiment of the present inven-
tion;

FIG. 3 shows an exemplified transmit mode supported by
the transmitter of the adaptive antenna transmit and receive
device for a wireless communication system with multiple
antennas according to a preferred embodiment of the present
invention;

FIG. 4 shows a flowchart of a transmit mode selection
method at the transmitter of the adaptive antenna transmit
and receive device for a wireless communication system
with multiple antennas according to a preferred embodiment
of the present invention;

FIG. 5 shows a detailed block diagram of an adaptive
transmit parameter extractor at a receiver of the adaptive
antenna transmit and receive device for a wireless commu-
nication system with multiple antennas according to a pre-
ferred embodiment of the present invention; and

FIG. 6 shows a detailed block diagram of an adaptive
transmit controller of the adaptive antenna transmit and
receive device for a wireless communication system with
multiple antennas according to a preferred embodiment of
the present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following detailed description, only the preferred
embodiment of the invention has been shown and described,
simply by way of illustration of the best mode contemplated
by the inventor(s) of carrying out the invention. As will be
realized, the invention is capable of modification in various
obvious respects, all without departing from the invention.
Accordingly, the drawings and description are to be regarded
as illustrative in nature, and not restrictive.

An adaptive antenna transmit and receive device for a
wireless communication system with multiple antennas
according to a preferred embodiment of the present inven-
tion will be described referring to figures.

FIG. 1 shows a block diagram of an adaptive antenna
transmit and receive device for a wireless communication
system with multiple antennas according to a preferred
embodiment of the present invention.

As shown in FIG. 1, the adaptive antenna transmit and
receive device transmits and receives data through M trans-
mit antennas and N receive antennas, and comprises a
transmitter 110 for coding and modulating the data and
transmitting processed data through an MIMO channel 120,
and a receiver 130 for demodulating and decoding the data
received through the MIMO channel 120 to restore the
original data.

The transmitter 110 comprises an adaptive transmit con-
troller 111, a channel encoder 112, a symbol mapper 113, an
antenna mapper 114, and a transmit end 115.

First, the adaptive transmit controller 111 selects an
encoding method of the channel encoder 112, a modulation
method of the symbol mapper 113, and an antenna mapping
method of the antenna mapper 114 according to a transmit
mode selected by a signal fed back by the receiver 130.

The channel encoder 112 receives data b, to be transmit-
ted, and encodes the same according to an encoding method
selected by the adaptive transmit controller 111.

The symbol mapper 113 modulates the data encoded by
the channel encoder 112 using a modulation method (e.g.,
QAM and PSK) selected by the adaptive transmit controller
111, maps them to modulation symbols s;, and outputs result
data.

The antenna mapper 114 receives outputs s, of the symbol
mapper 113, maps the outputs s, to a symbol vector x=
(X, X M)T to be transmitted through each transmit
antenna according to an antenna mapping method selected
by the adaptive transmit controller 111, and outputs result
data.

The transmit end 115 receives outputs X;=~(X;; . . ., X; M)T
of the antenna mapper 114, configures signals according to
a multi-carrier transmission method such as OFDM, or a
single carrier transmission method and a multiple access
method, and transmits the signals to the MIMO channel 120
that is an MIMO channel through the M transmit antennas.

Multiple-antenna transmit outputs at the transmit end 115
are provided to the receiver 130 with N receive antennas
through the MIMO channel 120.

The receiver 130 comprises a receive end 131, an antenna/
symbol demodulator 132, a channel decoder 133, a channel
estimator 134, and an adaptive transmit parameter extractor
135.

First, the receive end 131 performs an inverse operation
of the process of the transmitter 110 to extract signals r,=
(s -1 )7 received through each receive antenna, and
outputs them.

20

25

30

35

40

45

50

55

60

65

8

The antenna/symbol demodulator 132 acquires symbol
information for each transmit antenna from the signals
r =t -1 J\,)T output by the receive end 131 according to
transmit mode information determined by the adaptive trans-
mit controller 111.

The channel decoder 133 performs channel decoding
according to the symbol information for each transmit
antenna acquired by the antenna/symbol demodulator 132 to
outputs result data b, that are estimates of the transmitted
data information b,.

The channel estimator 134 receives the signalsr=(r;, . . .,
r, ) output by the receive end 131, and estimates an MIMO
channel response by using pilot symbols.

The antenna/symbol demodulator 132 performs orthogo-
nal diversity combination by using the MIMO channel
response estimated by the channel estimator 134 to detect
transmit symbols when the antenna mapping method from
among the transmit mode information determined by the
adaptive transmit controller 111 of the transmitter 110 is a
space encoding method, and to detect the transmit symbols
by using one of the ML detection method, the OSIC detec-
tion method, the MMSE linear equalization method, and the
ZF linear equalization method when the antenna mapping
method is an SM method.

The adaptive transmit parameter extractor 135 finds
parameters for the adaptive transmit by using channel esti-
mation results output by the channel estimator 134, and
transmits the parameters to the transmitter 110.

As a first example, outputs by the antenna mapper 114
following the STBC (or SFBC if it is applied in the fre-
quency domain) method are given in Equation 1, and outputs
by the antenna mapper 114 following the SM method are
given in Equation 2 when the number M of the transmit
antenna is 2.

x; = (s; —S}H)T, for even j Equation 1
(s; s},l)T, for odd j
x=(s5 S2j+l)T Equation 2

FIG. 2 shows a detailed block diagram of a transmitter of
the adaptive antenna transmit and receive device for a
wireless communication system with multiple antennas
according to a preferred embodiment of the present inven-
tion.

The transmit mode of the transmitter according to the
preferred embodiment includes at least one main transmit
mode for supporting other data rates, and the main transmit
mode includes two maximum sub-transmit modes sharing
the same channel encoding method.

As shown in FIG. 2, the transmitter of the adaptive
antenna transmit and receive device comprises an adaptive
transmit controller 2200 for determining information on the
main transmit mode and the sub-transmit mode, and a
transmit mode block 2100 for transmitting input data
according to the data rate determined by the transmit mode
(main transmit mode and sub-transmit mode) information
output by the adaptive transmit controller 2200.

The transmit mode block 2100 comprises a channel
encoder 2110 for encoding input data according to the
channel code rate r; determined by the transmit mode infor-
mation I output by the adaptive transmit controller 2200; a
sub-transmit mode 0 block 2130 for performing symbol
mapping and antenna mapping on the sub-transmit mode 0;
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a sub-transmit mode 1 block 2140 for performing symbol
mapping and antenna mapping on the sub-transmit mode 1;
a demultiplexer 2120 for connecting the channel encoder
2110 to one of the two sub-transmit mode blocks 2130 and
2140 according to sub-transmit mode information output by
the adaptive transmit controller 2200; and a multiplexer
2150 for selecting one of the outputs of the two sub-transmit
mode blocks 2130 and 2140 according to the sub-transmit
mode information output by the adaptive transmit controller
2200.

In this instance, the sub-transmit mode 0 block 2130
comprises a symbol mapper 2131 having a modulation
constellation Q;*, and an antenna mapper 2132 for space
block coding, and sub-transmit mode 1 block 2140 com-
prises a symbol mapper 2141 having a modulation constel-
lation Q,, and an antenna mapper 2142 for SM.

The sub-transmit modes 0 and 1 at the above-configured
transmitter support the same data rate r,M log 2(Q),), and one
of the two sub-transmit modes is selected according to a
characteristic of the MIMO channel.

The conventional adaptive transmit method supports a
single transmit mode configured by a specific transmit
antenna method for a single data rate, and the preferred
embodiment uses a sub-transmit mode of using a different
transmit antenna method to a main transmit mode of sup-
porting the same data rates so as to maximize the data rates
by applying an MIMO channel characteristic.

In the preferred embodiment, all of the main transmit
modes have two sub-transmit modes, and for ease of real-
ization, the case of supporting a single sub-transmit mode
from among the two sub-transmit modes is also allowed.

FIG. 3 shows an exemplified transmit mode supported by
the transmitter of the adaptive antenna transmit and receive
device for a wireless communication system with multiple
antennas according to a preferred embodiment of the present
invention.

As shown in FIG. 3, the transmit mode has six main
transmit modes that support different data rates when two
transmit antennas are provided.

The main transmit modes 310 for supporting different
data rates are numbered from O to 5, and there is at least one
sub-transmit mode 320 that supports the respective main
transmit modes 310, and it is assumed that a maximum of
two sub-transmit modes are provided below.

Sub-transmit modes that support a single main transmit
mode use the same channel code rates 330, but use a
different modulation method 340 and transmit method 350.
Part of the channel code rates 330, the modulation methods
340, and the antenna transmit methods 350 configuring
different main transmit modes 310 may be the same, but
corresponding data rates and performance are different.

FIG. 4 shows a flowchart of a transmit mode selection
method at the transmitter of the adaptive antenna transmit
and receive device for a wireless communication system
with multiple antennas according to a preferred embodiment
of the present invention.

As shown in FIG. 4, the transmitter selects a main
transmit mode that provides the highest data rates and
reduces a transmit power from among the main transmit
modes that satisfy the required performance according to the
characteristic of the MIMO channel, and a sub-transmit
mode, when the number of the transmit antennas is M and
the number of the main transmit modes having indexes in the
ascending order of the data rates is L.

First, a main transmit mode Iz with the minimum differ-
ence Az =Sz-Tz(Agz>0) between STBC performance
parameters S; greater than a threshold value T, of the
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STBC mode and the threshold value Ty, is found in the main
transmit modes having the sub-transmit mode 0 in step S10.

Next, a main transmit mode I, with the minimum differ-
ence A, =S,~T, (A, ;>0) between SM performance
parameters S,, greater than a threshold value T,,, of the SM
mode and the threshold value T,,; is found in the main
transmit modes having the sub-transmit mode 1 in step S20.
In this instance, the order of the steps S10 and S20 can be
exchanged or the steps S10 and S20 can be executed in
parallel.

The steps S10 and S20 represent a process for finding the
main transmit modes I and I,, that support the maximum
data rates for satisfying the required performance for the
respective two sub-transmit modes in the main transmit
modes supported by the respective sub-transmit modes.

Next, it is determined whether the transmit modes I and
1,,found through the steps S10 and S20 satisfy that I;>I,, or
satisfy that I=I;=I,, and AB,Z>AM,Z in step S30.

If15>1, 0rif I=15=1,,and Ay >A,, , the sub-transmit mode
0 of the main transmit mode I is selected in step S40, or else
the sub-transmit mode 1 of the main transmit mode I,, is
selected in step S50.

In the step S30, a main transmit mode for supporting high
data rates from among the data rates supported according to
sub-transmit modes, that is, a value having a large main
transmit mode index is initially selected, and when the data
rates respectively supported by the sub-transmit modes are
the same, a mode for requiring less transmit power, that is,
a sub-transmit mode for further decreasing the transmit
power, is selected.

When the number of the transmit antennas is M according
to the preferred embodiment, the STBC performance param-
eter Sz is given as Equation 3.

Equation 3

Sp = 10log,,(SNRspc) = 10log Ll =
B = sBC) =
10 10 M Ny

where

N M
WHIE = 3" > gl

p=1 g1
hir hip him
ha1 M2 ham
H= . . .
hyi bz o by

is an MIMO channel response,

Es is a transmit symbol energy, and N, is the variance of
complex additive white noise.

Meanwhile, the SM performance parameter S,, can be
given as Equation 4 for having the minimum value of the
post-processing SNR as a reference or Equation 5 for having
the geometric mean of the post-processing SNR as a refer-
ence.

Samin 10 log,o(SNRg1,) Equation 4
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1M Equation 5
Sy = M; 10log,o(SNRsw 4)

From Equations 4 and 5, SNRg,, . is a post-processing
SNR of the symbol transmitted to the q-th transmit antenna,
Equation 4 is found based on the fact that the performance
before a channel decoding depends on the minimum SNR,
and Equation 5 is for introducing a performance improve-
ment caused by a well-performed symbol after the channel
decoding, and hence, usage of Equation 5 generates
improved performance after channel decoding.

Equation 6 shows an SM post-processing SNR calculated
based on a linear reception is processed, when the number
of the transmit antennas is M.

Esgf h, Equation 6

SNRsp g = ————2 2
MNy + Eg 2 g!;hj
JFq

where h, is the g-th column vector of H, and g_ is the g-th
column vector of the linear equalization matrix G.

The linear equalization matrix G is differentiated accord-
ing to the linear equalization criterion, and it uses Equation
7 when using the ZF criterion, and it uses Equation 8 when
using the MMSE criterion.

G=(HH)'H? Equation 7

N, -1 Equation 8
G:(H”H+ﬁ1,w) H q
S

After this process, the SNR can be used in any case when
the receiver uses any method for the antenna/symbol
demodulator on the SM. The threshold value T,,, and T, for
determining the transmit mode are modified according to the
antenna/symbol demodulation method and the SM post-
processing SNR calculation method.

Equation 9 shows the SNR after processing the SM
method calculated based on the ZF criterion when the
number of the transmit antennas is 2, and the number N of
the receive antennas is greater than 2. From Equation 9,
Equation 4 can be given as Equation 10, and Equation 5 can
be given as Equation 11.

1 Es
— =
2(HYH),; No

Equation 9

SNRsu,q = = ay(1 - pP)SNRspc

where A_ ~" is the (q,q)-th element of A",

P Y
T
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is a channel power ratio of the q-th transmit antenna,

PR
a1

is a channel correlation between two transmit antennas, and
V]| is @ norm of v.

S=10 10g; o( 0 L-p2))+S5 Equation 10
where a,,,,~min,a.,.
S3~10 log, o( Ve a5(1-p*)+Sp Equation 11

where o, and o, are channel power ratio for each transmit
antenna, and p is a channel correlation of the transmit
antenna.

Therefore, the channel power ratio for each channel
transmit antenna can be calculated from the MIMO channel,
and (Sz-S,,) can be calculated from the channel correlation
of the transmit antenna instead of directly calculating the
SM performance parameter S,,.

FIG. 5 shows a detailed block diagram of an adaptive
transmit parameter extractor at the receiver of the adaptive
antenna transmit and receive device for a wireless commu-
nication system with multiple antennas according to a pre-
ferred embodiment of the present invention.

As shown in FIG. 5, the adaptive transmit parameter
extractor 500 comprises an Sy calculator 510 and an S,,
calculator 520, and respectively calculates the STBC per-
formance parameter S; and the SM performance parameter
S, by using a channel response matrix estimate H and a
receive SNR estimate E /N, input by the channel estimator.

The Sy calculator 510 comprises a channel power sum
calculator 511 and a combiner 512, and the channel power
sum calculator 511 calculates the channel power sum |H|J?
by using a channel response matrix estimate input by the
channel estimator.

The combiner 512 calculates the STBC performance
parameter Sy following Equation 3 by combining the chan-
nel power sum calculated by the channel power sum calcu-
lator 511 and the receive SNR estimate E/N,, input by the
channel estimator.

The S, calculator 520 comprises a linear equalizer 521,
an SM post-processing SNR calculator 522, and a represen-
tative calculator 523. The linear equalizer 521 calculates the
equalization matrix G shown as Equation 7 or 8 on the basis
of the ZF or MMSE criterion.

The SM post-processing SNR calculator 522 calculates a
transmit antenna post-processing SNR based on Equation 6
by using the equalization matrix G calculated by the linear
equalizer 521.

The representative calculator 523 calculates a represen-
tative of the SM performance parameters S,, according to
Equation 4 or 5 by using the transmit antenna post-process-
ing SNR calculated by the SM post-processing SNR calcu-
lator 522.

The Sy calculated by the S calculator 510 and the S,,
calculated by the S,, calculator 520 are quantized, or they
are converted to Sy and (Sz-S,,) and quantized, and fed
back (501) to the transmitter so that the adaptive transmit
controller of the transmitter may use them to select a
transmit mode.

FIG. 6 shows a detailed block diagram of an adaptive
transmit controller 600 of the adaptive antenna transmit and



US 7,123,887 B2

13

receive device for a wireless communication system with
multiple antennas according to a preferred embodiment of
the present invention.

As shown in FIG. 6, the adaptive transmit controller 600
comprises a STBC transmit mode selector 610, a T ;lookup
table 620, an SM transmit mode selector 630, a T, ; lookup
table 640, and a comparator 650.

The STBC transmit mode selector 610 compares the
STBC performance parameter Sz fed back (601) from the
receiver with Ty ; values of the Ty ; lookup table 620 to
calculate Ay /=Sz-Ty; as shown in the step S10 of FIG. 4,
and outputs a main transmit mode value I; which is a
positive number and has the minimum value, and a corre-
sponding A ;.

The SM transmit mode selector 630 compares the SM
performance parameter S,, fed back (601) from the receiver
with T,,, values of the T,,, lookup table 640 to calculate
Ass7=Sp~Tar; as shown in the step S20 of FIG. 4, and
outputs a main transmit mode value I,, which is a positive
number and has the minimum value, and a corresponding
Apsr

The comparator 650 selects the sub-transmit mode 0 of
the main transmit mode I; when 1;>1,, and selects the
sub-transmit mode 1 of the main transmit mode I,, when
1z<l,,, as shown in the step S30 of FIG. 4.

In addition, in the case that 1=l;=1,,, the comparator 650
selects the sub-transmit mode 0 of the main transmit mode
I'when A >A,,; and selects the sub-transmit mode 1 if not,
thereby outputting finally selected transmit mode and sub-
transmit mode information.

According to the present invention, the main transmit
mode for transmitting specific data rates using the adaptive
transmit method is configured with the transmit and receive
method based on the SM antenna transmit method and the
transmit and receive method based on the STBC antenna
transmit method so as to adaptively select a desired method
depending on the MIMO channel environment in the wire-
less communication system with multiple antennas, thereby
more effectively handling the MIMO channel environment
to further increase the data rates in the given transmit power,
and reduce transmit power consumption in the given data
rates.

While this invention has been described in connection
with what is presently considered to be the most practical
and preferred embodiment, it is to be understood that the
invention is not limited to the disclosed embodiments, but,
on the contrary, is intended to cover various modifications
and equivalent arrangements included within the spirit and
scope of the appended claims.

What is claimed is:

1. An adaptive transmit method of a transmitter in a
wireless communication system with multiple antennas for
transmitting data to a receiver with a plurality of receive
antennas from the transmitter with a plurality of transmit
antennas through an MIMO (multiple input multiple output)
channel, comprising:

(a) determining a channel coding method, a modulation
method, and an antenna transmit method so as to
support different data rates according to a characteristic
of the MIMO channel, wherein the channel coding
method, the modulation method, and the antenna trans-
mit method are classified according to a main transmit
mode for supporting different data rates, and the main
transmit mode includes either or both of a sub-transmit
mode based on the STBC (space time block code) and
a sub-transmit mode based on the SM (spatial multi-
plexing);
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(b) encoding input data according to the determined main
transmit mode;

(c) modulating the data encoded in (b) according to the
determined sub-transmit mode, mapping them to
modulation symbols, and outputting results; and

(d) mapping the data modulated in (c) to symbol vectors
to be transmitted through each transmit antenna accord-
ing to the determined sub-transmit mode, and output-
ting results.

2. The adaptive transmit method of claim 1, wherein the
characteristic of the MIMO channel is indicated by an
antenna transmit performance parameter produced and fed
back by the receiver.

3. The adaptive transmit method of claim 1, wherein (a)
comprises: determining a main transmit mode that provides
the highest data rates from among the transmit modes
(which include the main transmit mode and the sub-transmit
mode) that satisty the performance required according to the
characteristic of the MIMO channel, and determining a
sub-transmit mode for reducing a transmit power from the
determined main transmit mode.

4. The adaptive transmit method of claim 1, wherein (d)
comprises: performing antenna mapping based on STBC
when performing symbol mapping having a first symbol
constellation on the same main transmit mode in (c¢), and

(d) comprises: performing antenna mapping based on SM
when performing symbol mapping having a second
symbol constellation on the same main transmit mode
in (c).

5. The adaptive transmit method of claim 1, wherein (a)

comprises:

(1) comparing an STBC performance parameter which is
one of parameters for showing the characteristic of the
MIMO channel with a previously stored STBC thresh-
old value to select one of the main transmit modes
having a sub-transmit mode based on the STBC;

(i) comparing an SM performance parameter, which is
one of parameters for showing the characteristic of the
MIMO channel, with a previously stored SM threshold
value to select one of the main transmit modes having
a sub-transmit mode based on the SM; and

(ii1) comparing the main transmit mode selected in (i)
with the main transmit mode selected in (ii) to deter-
mine a final transmit mode (which includes a main
transmit mode and a sub-transmit.

6. The adaptive transmit method of claim 5, wherein (i)
comprises: selecting a main transmit mode which has a
minimum positive number obtained by subtracting the
STBC threshold value from the STBC performance param-
eter, and

(i1) comprises: selecting a main transmit mode which has
a minimum positive number obtained by subtracting
the SM threshold value from the SM performance
parameter.

7. The adaptive transmit method of claim 5, wherein the
main transmit mode has indexes in the ascending order of
data rates, and

(ii1) comprises:

determining whether the main transmit mode selected in
(1) is greater than the main transmit mode selected in
(ii);

determining the main transmit mode selected in (i) and a
sub-transmit mode based on STBC of the selected main
transmit mode as final transmit modes (which include
a main transmit mode and a sub-transmit mode), when
the main transmit mode selected in (i) is greater than
the main transmit mode selected in (ii); and
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determining the main transmit mode selected in (i) and a
sub-transmit mode based on STBC of the selected main
transmit mode as final transmit modes (which include
a main transmit mode and a sub-transmit mode), when
the main transmit mode selected in (i) is matched with
the main transmit mode selected in (ii), and the value
obtained by subtracting the STBC threshold value from
the STBC performance parameter is greater than the
value obtained by subtracting the SM threshold value
from the SM performance parameter.

8. The adaptive transmit method of claim 7, comprising:

determining the main transmit mode selected in (ii) and a
sub-transmit mode based on SM of the selected main
transmit mode as final transmit modes (which include
a main transmit mode and a sub-transmit mode), when
the main transmit mode selected in (ii) is greater than
the main transmit mode selected in (i); and

determining the main transmit mode selected in (ii) and a
sub-transmit mode based on SM of the selected main
transmit mode as final transmit modes (which include
a main transmit mode and a sub-transmit mode), when
the main transmit mode selected in (i) is matched with
the main transmit mode selected in (ii), and the value
obtained by subtracting the SM threshold value from
the SM performance parameter is greater than the value
obtained by subtracting the STBC threshold value from
the STBC performance parameter.

9. An adaptive receiving method of a receiver in a
wireless communication system with multiple antennas for
transmitting data to the receiver with a plurality of receive
antennas from a transmitter with a plurality of transmit
antennas through an MIMO (multiple input multiple output)
channel, comprising:

(a) extracting symbol information for each antenna from

a signal received through the MIMO channel according
to a channel coding method, a modulation method, and
an antenna transmit method determined by the trans-
mitter so as to support different data rates according to
a characteristic of the MIMO channel, wherein the
channel coding method, the modulation method, and
the antenna transmit method are classified according to
a main transmit mode for supporting different data
rates, and the main transmit mode includes either or
both of a sub-transmit mode based on the STBC (space
time block code) and a sub-transmit mode based on the
SM (spatial multiplexing);

(b) performing channel decoding according to the
extracted symbol information for each transmit
antenna, and estimating transmitted data information;
and

(c) extracting a parameter used by the transmitter for
determining the channel coding method, the modula-
tion method, and the antenna transmit method by using
an MIMO channel response estimated from the signal
received through the MIMO channel.

10. The adaptive receive method of claim 9, wherein (c)

comprises:

(1) calculating an STBC performance parameter which is
one of parameters for showing characteristics of the
MIMO channel by using the estimated MIMO channel
response; and

(ii) calculating an SM performance parameter which is
one of parameters for showing the characteristics of the
MIMO channel by using the estimated MIMO channel
response.
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11. The adaptive receive method of claim 10, wherein (i)
comprises:
calculating a channel power sum by using the estimated
MIMO channel response; and

calculating the STBC performance parameter by combin-
ing the calculated channel power sum with the esti-
mated MIMO channel response.
12. The adaptive receive method of claim 11, wherein the
STBC performance parameter SB satisfies the subsequent
equation:

Sp = 10log,,(SNRspc) = 10log (L& =
B SBC
10 0 M N

where
N M
IHIR = 3" > Mgl
p=1 g1
hir hip him
ha1 Mop ham
H= . . .
hyi bz o by

is an MIMO channel response,
E; is a transmit symbol energy, and N, is distribution of
complex additive white noise.
13. The adaptive receive method of claim 10, wherein (i)
comprises:
calculating a linear equalization matrix by using the
estimated MIMO channel response;
calculating a transmit antenna post-processing SNR by
using the calculated linear equalization matrix; and
calculating the SM performance parameter by using the
calculated transmit antenna post-processing SNR.

14. The adaptive receive method of claim 13, wherein the
linear equalization matrix G follows the equation
G=(H"H)"'H? in the case of a ZF (zero forcing) linear
equalization criterion.

15. The adaptive receive method of claim 14, wherein the
transmit antenna post-processing SNR follows the equation

Esg!;h,q

SNRgyg = ——t
M4 MNo+Es 3, gllh;
J*q

where SNRg,, . is a post-processing SNR of the symbol
transmitted to the g-th transmit antenna, h, is the g-th
column vector of H, and g is the q-th column vector of the
linear equalization matrix G.

16. The adaptive receive method of claim 15, wherein the
SM performance parameter S,, follows the equation
Symin, 10 log,,(SNRg,, ) in the case of setting the mini-
mum value of the antenna post-processing SNR as a refer-
ence.

17. The adaptive receive method of claim 16, wherein in
the case that a number of the transmit antennas is 2, and a
number of the receive antennas is greater than 3, when the
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transmit antenna post-processing SNR calculated based on
the ZF linear equalization criterion is given as the equation

1 Es

SNRspgg = ——— =2
9T S HTH),! No

= ay(l - p*)SNRgpc

where Aqq"1 is the (q,q)-th element of

P
T AP

-1

5

is a channel power ratio of the g-th transmit antenna,

LA
A

P

is a channel correlation between two transmit antennas, and
IVl is a norm of v, the SM performance parameter S,,in the
case of setting the minimum value of the antenna post-
processing SNR as a reference follows the equation S,,~10
log,o(a.,,;,,(1-p>))+S where a.,,, —min o,

18. The adaptive receive method of claim 15, wherein the
SM performance parameter S,, follows the equation

1 M
Sit = M; 10 log,(SNRsu ;)

in the case of setting the geometric mean of the antenna
post-processing SNR as a reference.

19. The adaptive receive method of claim 18, wherein in
the case that a number of the transmit antennas is 2, and a
number of the receive antennas is greater than 3, when the
transmit antenna post-processing SNR calculated based on
the ZF linear equalization criterion is given as the equation

1 Es

SNRsip g = ——— —>
9T 2 HIHY,! No

= ay(1 - p")SNRspc
—1 -
where A~ is the (q,q)-th element of

2
Ll

@, = —_
q
' A1

is a channel power ratio of the g-th transmit antenna,

_ I mall

A2l

is a channel correlation between two transmit antennas, and
IVl is a norm of v, the SM performance parameter S,,in the
case of setting the geometric mean of the antenna post-
processing SNR as a reference follows the equation S,~10
log, o(vVa,05(1-p))+S; where @, and o, are channel power
ratio for each transmit antenna, and p is a channel correla-
tion of the transmit antenna.

20

25

30

35

40

45

50

55

60

65

18

20. The adaptive receive method of claim 13, wherein the
linear equalization matrix G follows the equation

G=[mme No g,
ME;s

in the case of a MMSE (minimum mean square error) linear
equalization criterion.

21. An adaptive transmit device in a wireless communi-
cation system with multiple antennas for transmitting data to
a receiver with a plurality of receive antennas from a
transmitter with a plurality of transmit antennas through an
MIMO (multiple input multiple output) channel, compris-
ing:

an adaptive transmit controller for determining a channel
coding method, a modulation method, and an antenna
transmit method so as to support different data rates
according to a characteristic of the MIMO channel,
wherein the channel encoding method, the modulation
method, and the antenna transmit method are classified
according to a main transmit mode for supporting
different data rates, and the main transmit mode
includes either or both of a sub-transmit mode based on
the STBC (space time block code) and a sub-transmit
mode based on the SM (spatial multiplexing);

a channel encoder for encoding data input according to
the channel encoding method determined by the adap-
tive transmit controller, and outputting results;

a symbol mapper for modulating the data encoded by the
channel encoder according to the modulation method
determined by the adaptive transmit controller, map-
ping them to modulation symbols, and outputting
results; and

an antenna mapper for mapping the data modulated by the
symbol mapper to symbol vectors to be transmitted
through each transmit antenna according to the antenna
transmit method determined by the adaptive transmit
controller, and outputting results.

22. The adaptive transmit device of claim 21, wherein the
symbol mapper comprises: a first symbol mapper for modu-
lating the data output by the channel encoder to a first
symbol constellation, and outputting results; and a second
symbol mapper for modulating the data output by the
channel encoder to a second symbol constellation, and
outputting results,

the antenna mapper comprises: a first antenna mapper for
antenna-mapping the data modulated by the first sym-
bol mapper according to the STBC method; and a
second antenna mapper for antenna-mapping the data
modulated by the second symbol mapper according to
the SM method, and

the adaptive transmit device further comprises: a demul-
tiplexer for connecting the output of the channel
encoder to one of the first and second symbol mappers
according to the modulation method determined by the
adaptive transmit controller; and a multiplexer for
selecting one of the outputs of the first and second
antenna mappers according to the antenna transmit
method determined by the adaptive transmit controller.

23. The adaptive transmit device of claim 21, wherein the
adaptive transmit controller comprises:

an STBC threshold value lookup table for storing thresh-
old values of STBC;

an SM threshold value lookup table for storing threshold
values of SM;
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an STBC transmit mode selector for comparing an STBC
performance parameter fed back from the receiver with
a threshold value stored in the STBC threshold value
lookup table to select one of the main transmit modes;

an SM transmit mode selector for comparing an SM
performance parameter fed back from the receiver with
a threshold value stored in the SM threshold value
lookup table to select one of the main transmit modes;
and

a comparator for comparing the main transmit mode
selected by the STBC transmit mode selector with the
main transmit mode selected by the SM transmit mode
selector to determine final transmit modes (which
include a main transmit mode and a sub-transmit
mode).

24. An adaptive receive device in a wireless communi-
cation system with multiple antennas for transmitting data to
a receiver with a plurality of receive antennas from a
transmitter with a plurality of transmit antennas through an
MIMO (multiple input multiple output) channel, compris-
ing:

an antenna/symbol demodulator for extracting symbol
information for each antenna from a signal received
through the MIMO channel according to a channel
coding method, a modulation method, and an antenna
transmit method determined by the transmitter so as to
support different data rates according to a characteristic
of the MIMO channel, wherein the channel coding
method, the modulation method, and the antenna trans-
mit method are classified according to a main transmit
mode for supporting different data rates, and the main
transmit mode includes either or both of a sub-transmit
mode based on the STBC (space time block code) and
a sub-transmit mode based on the SM (spatial multi-
plexing);

a channel decoder for performing channel decoding
according to the symbol information for each transmit
antenna extracted by the antenna/symbol demodulator,
estimating transmitted data information, and outputting
results;

a channel estimator for estimating an MIMO channel
response from a signal received through the MIMO
channel; and

an adaptive transmit parameter extractor for extracting a
parameter used by the transmitter for determining the
channel coding method, the modulation method, and
the antenna transmit method by using the MIMO
channel response estimated by the channel estimator.
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25. The adaptive receive device of claim 24, wherein the
adaptive transmit parameter extractor comprises:

an STBC performance parameter calculator for calculat-
ing an STBC performance parameter by using an
MIMO channel response estimated by the channel
estimator; and

an SM performance parameter calculator for calculating
an SM performance parameter by using the MIMO
channel response estimated by the channel estimator.

26. The adaptive receive device of claim 25, wherein the
STBC performance parameter calculator comprises:

a channel power sum calculator for calculating a channel
power sum by using the MIMO channel response
estimated by the channel estimator; and

a combiner for combining the channel power sum calcu-
lated by the channel power sum calculator with the
MIMO channel response estimated by the channel
estimator to calculate the STBC performance param-
eter.

27. The adaptive receive device of claim 25, wherein the

SM performance parameter calculator comprises:

a linear equalizer for calculating a linear equalization
matrix by using the MIMO channel response estimated
by the channel estimator;

an SM post-processing SNR calculator for calculating a
transmit antenna post-processing SNR by using the
linear equalization matrix calculated by the linear
equalizer; and

a representative calculator for calculating a representative
of the SM performance parameter by using the transmit
antenna post-processing SNR calculated by the SM
post-processing SNR calculator.

28. The adaptive receive device of claim 24, wherein the
antenna/symbol demodulator performs orthogonal diversity
combination by using the MIMO channel response esti-
mated by the channel estimator to detect transmit symbols
when the antenna transmit method determined by the trans-
mitter is a space encoding method, and to detect the transmit
symbols by using one of the ML, (maximum likelihood)
detection method, the OSIC (ordered successive interference
canceller) detection method, the MMSE (minimum mean
square error) linear equalization method, and the ZF (zero
forcing equalizer) linear equalization method when the
antenna transmit method determined by the transmitter is an
SM method.



