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Disclosed is an adaptive receiving MIMO (multi input and 
multi output) system and method which decides a symbol 
detecting order so as to estimate the symbol having the mini 
mum Summation of weights of least square errors at the time 
ofestimating the symbol for respective equalizers provided in 
parallel by the number of transmit antennas, and updates filter 
tap coefficients based on the RLS algorithm according to the 
detecting orders. Therefore, the filter tap coefficients are 
directly updated without tracking channels in the time-vary 
ing channel environment, and accordingly, detection perfor 
mance very similar to those of the channel tracking and con 
ventional V-BLAST scheme is provided with reduced 
complexity. 
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ADAPTIVE RECEIVING SYSTEMAND 
METHOD FOR MIMO 

Matter enclosed in heavy brackets appears in the s 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 10 
APPLICATIONS 

This application is a Reissue of Application No. 10/829, 
909 filed on Apr. 21, 2004, now U.S. Pat. No. 7,346,104 
issued on Mar: 18, 2008, and claims the benefit of Korean 15 
Patent Application No. 2003-73341 filed on Oct. 21, 2003, in 
the Korean Intellectual Property Office. The disclosures of 
Application No. 10/829,909 and Korean Patent Application 
No. 2003-7334 1 are incorporated herein by reference in their 2O 
entirety. 

This application claims priority to and the benefit of Korea 
Patent Application No. 2003-73341 filed on Oct. 21, 2003 in 
the Korean Intellectual Property Office, the content of which 
is incorporated herein by reference. 25 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 
The present invention relates to an adaptive receiving sys- 30 

tem and method for a MIMO (multi-input multi-output). 
More specifically, the present invention relates to a system 
and method for detecting transmit signals when channels are 
time-varying in wireless communication systems which use 
multiple transmit and receive antennas for high-speed data 35 
transmission. 

(b) Description of the Related Art 
As industries and personal lives using communication 

technologies have become activated, the importance of image 
and data transmission has grown while needs of high-speed 40 
data transmission have also increased. Therefore, techniques 
which increase data rates per bandwidth are required since the 
bandwidth for high-speed data transmission is insufficient. 
MIMO systems for using multiple transmit and receive 

antennas and transmitting data in parallel have been aggres- 45 
sively studied so as to raise the data rates, and the V-BLAST 
(Vertical Bell Labs Layered Space Time) scheme has been 
developed as effective receivers for the MIMO systems. 
The V-BLAST scheme increases bandwidth efficiency in 

proportion to the number of antennas when the number of 50 
antennas at a receiver is more than the number of antennas at 
a transmitter, and a channel is not varied for one packet 
duration. 

However, the actual wireless mobile communication chan 
nels are varying, and computational complexity is abruptly 55 
increased when the V-BLAST scheme is applied to the chan 
nel-varying environment. That is, it is needed to estimate a 
MIMO channel and calculate a nulling vector corresponding 
to the MIMO channel in order to perform V-BLAST detec 
tion. Calculation of the nulling vector is performed once for 60 
each frame when the channel is not varying within the frame, 
and it is needed to calculate the nulling vector for each symbol 
when the channel is varying. 

Methods for approximately updating the nulling vectorand 
tracking the channel when using a V-BLAST receiver in the 65 
time-varying channel have been proposed so as to reduce the 
computational complexity. 

2 
A single frame is divided into several small blocks, the 

channel tracking is applied to each block, and the nulling 
vector is updated in the approximation method for updating 
the nulling vector and tracking the channels. 

Since the above-noted method has a tradeoffbetween com 
plexity and detection performance according to sizes of the 
blocks divided from the single frame, the detection perfor 
mance is steeply worsened when the channels are varied 
quickly. 

SUMMARY OF THE INVENTION 

It is an advantage of the present invention to provide a 
MIMO adaptive receiving system and method for reducing 
complexity compared to the existing V-BLAST scheme, by 
optimally deciding filter tap coefficients of the equalizer and 
symbol detecting order in the time-varying channel environ 
ment. 
To achieve the advantage, the symbol detecting order for 

the equalizer are determined based on the RLS algorithm, and 
the filter tap coefficient vectors of the equalizer are updated 
depending on the detecting order. 

In one aspect of the present invention, an adaptive receiv 
ing MIMO system for transmitting and receiving transmit and 
receive symbol vectors through channels between multiple 
transmit and receive antennas, comprises: 

a linear equalizer for canceling interference added when 
passed through the channel from the receive symbol vectors 
and extracting transmit symbol vectors by performing an 
initial detection; 

a plurality of parallel decision feedback equalizers for can 
celing signal interference from the signals detected by the 
linear equalizer and the receive symbol vectors according to a 
filter tap coefficient and a symbol detecting order updated for 
each predetermined period, and detecting the transmit sym 
bol vectors; and 

an adaptive block for deciding the symbol detecting order 
of the linear equalizer and the parallel decision feedback 
equalizers, and updating the filter tap coefficients based on 
the RLS (recursive least square) algorithm according to the 
decided symbol detecting order. 
The adaptive receiving system further comprises a reorder 

ing unit for reordering the signals sequentially detected 
through the equalizer according to the symbol detecting order 
on a plurality of receive symbol vectors decided by the adap 
tive block. 
The linear equalizer comprises: a feedforward filter for 

receiving the first receive symbol vector from among the 
receive symbol vectors received through the receive antennas, 
and filtering error signals; and a decision unit for applying the 
optimal filter tap coefficient to signals output by the feedfor 
ward filter according to a predetermined decision reference, 
and outputting a decision value. 
The parallel decision feedback equalizer comprises: 
a feed forward filter for receiving the receive symbol vector 

from the receive antennas, and performing filtering by using 
a feedforward filter tap coefficient decided by the adaptive 
block; 

a feedback filter for receiving detected signals from among 
the receive symbol vectors, and performing filtering by using 
a feedback filter tap coefficient decided by the adaptive block; 

an adder for adding the respective signals output by the 
feedforward filter and the feedback filter, and outputting 
added values; and 

a decision unit for applying the optimal filter tap coefficient 
to the added values output by the adder according to a prede 
termined decision reference, and outputting decision values. 
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The feedback filter increases by an order by one when a 
detection on the receive symbol vectors from the second 
symbol to the last symbol is repeated. 
The adaptive block defines the reference for deciding the 

tap coefficient by errors of between the transmit symbol vec 
tor transmitted by the transmit antennas and the output of the 
equalizer, and defines the optimal filter tap coefficient as a 
filter coefficient for minimizing the errors. 

In another aspect of the present invention, an adaptive 
receiving method in an adaptive receiving system for a 
MIMO for allowing an equalizer to detect transmit symbol 
vectors when the transmit symbol vectors transmitted from 
multiple transmit antennas are input as receive symbol Vec 
tors through multiple receive antennas, comprises: 

(a) the equalizer detecting an error signal by allowing the 
initial receive symbol vector to be passed through a feedfor 
ward filter, and detecting the transmit symbol vectors accord 
ing to a predetermined decision reference, when the receive 
symbol vectors are input; and 

(b) allowing the equalizer to apply an optimal filter tap 
coefficient to the feedforward filter and a feedback filter, 
canceling interference from the receive symbol vectors and 
detected signals according to a predetermined symbol detect 
ing order, and detecting the transmit symbol vectors when (a) 
is finished. 
The step (b) comprises: allowing the feed forward filter and 

the feedback filter to update the optimal filter tap coefficient 
based on the RLS algorithm, and deciding the symbol detect 
ing sequence on the equalizer so that a symbol for minimizing 
the Summation of weights of square errors may be estimated. 

The optimal filter tap coefficient is a filter coefficient for 
minimizing errors between the transmit symbol vector trans 
mitted by the transmit antenna and the estimated transmit 
symbol vector output by the equalizer. 
The optimal filter tap coefficient w, ...(n), i=1,..., M is 

recursively found. 
The symbol detecting orderk, of the equalizer is decided to 

detect the symbol for minimizing the Summation of weights 
of square errors. 
The step (a) comprises deciding a value d(n) on the first 

transmit symbol vector by using a value d(n) generated 
when the receive symbol vectory, (n) is input to the feedfor 
ward filter and is then output therefrom. 

The step (b) comprises: 
(i) using the cross correlation vector obtained by crossing a 

first value and a second value to define a cross correlation 
matrix G(n), the first value being obtained when the receive 
symbol vector is passed through the feedforward filter, and 
the second value being obtained when the detected signal is 
fed back through the feedback filter; 

(ii) calculating the optimal filter tap coefficient of{v (n), 
j=1, 2, . . . , M applied to the feedforward filter and the 
feedback filter when (i) is finished; 

(iii) deciding the symbol detecting order of the equalizer, 
and updating the filter tap coefficients when (ii) is finished: 
and 

(iv) applying the symbol detecting order decided in (iii) 
and the filter tap coefficient to the next receive symbol vector, 
detecting the transmit symbol vector, and repeating (iv). 
The Substep (iii) comprises obtaining the cross correlation 

vector, calculating the Summation of weights of square errors, 
and deciding the symbol detecting order of each equalizer. 
The step (b) comprises deciding the symbol detecting order 

of the equalizer at intervals of a constant Y. 
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4 
When inputting then" receive symbol vector, it comprises: 
(i) when n is a multiple of the constant Y, obtaining the 

cross correlation vector Z (n), calculating the summation 
e, (n) of weights of square errors, and deciding the symbol 
detecting order 

ki arg 8 e, (n) 

of each equalizer; and 
(ii) when n is not a multiple of the constanty, updating the 

filtertap coefficient by use of Subsequent equations, and using 
the previous (n-1) symbol detecting order for the symbol 
detecting sequence of each equalizer. 
The step (b) comprises updating the filter tap coefficient 

and deciding the symbol detecting order for each symbol time 
according to the speed of the channel varying during a pre 
determined period, and deciding the symbol detecting order 
once with the interval of the constant Y, and updating the filter 
tap coefficient and maintaining the symbol detecting order 
during a residual period. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of the specification, illustrate an embodi 
ment of the invention, and, together with the description, 
serve to explain the principles of the invention: 

FIG. 1 shows a block diagram of an adaptive receiving 
system for the MIMO according to a preferred embodiment 
of the present invention; 

FIG.2 shows a detailed Schematic diagram for an equalizer 
included in the configuration of FIG. 1; 

FIG. 3 shows a process for updating optimal filter tap 
coefficients in an adaptive receiving method for the MIMO 
according to a preferred embodiment of the present invention; 

FIG. 4 shows a simplified process for updating optimal 
filter tap coefficients compared to FIG. 3; and 

FIGS. 5 to 7 show graphs for comparing BER performance 
between the preferred embodiment of the present invention 
and the existing V-BLAST scheme. 

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. 
A MIMO adaptive receiving system according to a pre 

ferred embodiment of the present invention will be described 
in detail with reference to FIG. 1. 

FIG. 1 shows a block diagram of an adaptive receiving 
system for the MIMO according to a preferred embodiment 
of the present invention. 
As shown, the adaptive receiving system comprises an 

equalizer 100, an adaptive block 200, and a reordering unit 
300. The equalizer 100 is classified as a linear equalizer 150, 
shown in FIG. 2, for detecting the initial transmit symbol 
vector, and a parallel equalizer for detecting residual transmit 
symbol vectors. 
The equalizer 100 is coupled in parallel by the number of 

the transmit antennas, and is classified as a linear equalizer 
and parallel equalizers for ease of description. 
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The i' equalizer comprises an N'-order feedforward filter 
110, an (i-1)"-order feedback filter 120, an adder 130, and a 
decision unit 140. 
The feedforward filter 110 receives (Nx1) receive symbol 

vectors through N receive antennas and filters error signals, 
and the feedback filter 120 filters the error signals from the 
detected signals from among (NX1) receive symbol vectors 
and feeds results back. 
The adder 130 adds respective signals output by the feed 

forward filter 110 and the feedback filter 120 and outputs an 
added value, and the decision unit 140 applies the optimal 
filter tap coefficient to the added value according to a prede 
termined decision reference and outputs a decision value, that 
is, a transmit symbol vector. 
The adaptive block 200 updates the tap coefficient and the 

symbol detecting order of the equalizer 100 based on the RLS 
(recursive least square) algorithm for each symbol, and 
decides the symbol detecting sequence of the equalizer 100 
by using a Summation of square errors. 

The reordering unit 300 reorders transmit symbol vectors 
sequentially detected through the equalizer 100 according to 
a symbol detecting order decided by the adaptive block 200. 
The configuration of the adaptive receiving system for the 

MIMO will now be described. 
When using M transmit antennas and N receive antennas, 

an (MX1) transmit symbol vector d(n)=d(n), d(n). . . . . 
d(n) is transmitted through the transmit antennas, and an 
(Nx1) receive symbol vectory(n)-ly (n), y, (n),...,y(n) 
is received through the receive antennas. 
When the transmit symbol vector is passed through an 

(NxM) channel matrix H(n) caused by channel gains between 
the respective transmit and receive antennas, and the noise 
vector u(n)-(u (n), u-(n), ..., u (n) is added thereto, the 
receive symbol vector is given as Equation 1. 

The receive symbol vector is input to the equalizer 100, is 
passed through the feed forward filter 110 which corresponds 
to the nulling vector of the V-BLAST scheme, interference is 
cancelled from the receive symbol vector by using detected 
signals and the feedback filter 120, and is detected. 
The symbol detecting order and the filter tap coefficient 

vector of the equalizer 100 are updated for each symbol time, 
and the operation for updating the filter tap coefficient is 
referred to as a time update. 

FIG.2 shows a detailed Schematic diagram for an equalizer 
included in the configuration of FIG. 1. 
As shown, the linear equalizer 150 comprises a feedfor 

ward filter 110 and a decision unit 140, and the parallel 
equalizer 100 comprises a feedforward filter 110, a feedback 
filter 120, a correlator 130, and a decision unit 140. 
The first parallel equalizer provided after the linear equal 

izer 150 has a first-order feedback filter using a detected d 
the second parallel equalizer has a second-order feedback 
filter using dandd, and the last equalizer has an (M-1)- 
order feedback filter. 

Referring to FIG. 2, {w,(n)} is an N'-order feedforward 
filter tap coefficient vector, and {w,(n)} is an (i-1)" order 
feedback filter tap coefficient vector. 
The concurrently transmitted M transmit symbol vectors 

are sequentially detected through the equalizer 100, and in 
further detail, they are detected by the linear equalizer 150 in 
the first stage, and then are detected by the parallel decision 
feedback equalizers 100 which increase the order of the feed 
back filter 120 by one as the detection is repeated. 
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6 
A set for indicating the symbol detecting order of the 

transmit symbol vectors d(n) is defined as S={k,k,...,k} 
where S is a set generated by changing the sequence of ele 
ments in {1, 2, ..., M. 
The parallel decision feedback equalizers 100 have a 

Superimposed configuration of equalizers in parallel, the 
number of the equalizers corresponding to the number of 
transmit antennas, and the equalizers starting from the top 
equalizer to the bottom equalizer sequentially detect the 
transmit symbol vectors according to the symbol detecting 
order. 

The result of detecting the transmit symbol vectors by the 
decision unit 140, that is, the decision unit is defined to be 
d(n)=d(n), d(n), ..., d. (n). 
The adaptive block 200 updates coefficients of the feedfor 

ward filter 110 and the feedback filter 120 for each symbol 
time based on the RLS algorithm, calculates Summation of 
weights of square errors for the respective equalizers 100, and 
decides the symbol detecting order. 
The integrated filter coefficient vector w,(n) and the inte 

grated input signal vectory, (n) are defined in Equations 2 
and 3. 

wfi (n), i = 1 Equation 2 

Wii (n) = { (w? (n), wi (n))", i = 2, ... , M 
y(n), i = 1 Equation 3 

yi (n) = { |y (n), d, ...,d-', i=2,..., M 

An operation of the MIMO adaptive receiving system 
according to the preferred embodiment of the present inven 
tion will be described with reference to a drawing. 

FIG. 3 shows a process for updating optimal filter tap 
coefficients in an adaptive receiving method for the MIMO 
according to a preferred embodiment of the present invention. 
As shown, it is required to find the optimal filter tap coef 

ficient of the equalizer 100 when the M transmit symbol 
vectors are input in the adaptive receiving method for the 
MIMO. 

For this, the adaptive block 200 defines a decision refer 
ence as an error of between the transmit symbol vector trans 
mitted from the transmit antenna and the equalizer output of 
the receiver, and defines the filter coefficient for minimizing 
the error as the optimal filter tap coefficient. 
To define the optimal filter tap coefficient, the outputs of 

thei" equalizeris defined as Equation 4, and the cost function 
is given in Equation 5. 

d(n) =w,'(n- 1)y, (n) Equation 4 

Equation 5 r 2 J;(n) =X Aid, (I)-wl (Dy, (1) 
= 

The optimal filter tap coefficient for minimizing J,(n) is 
given as Equation 6. 

w, (n)=d, '(n)Z, (n) Equation 6 
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where dB,(n) is an autocorrelation matrix, and Z(n) is a s' - 

cross correlation vector, respectively given as Equations 7 
and 8. 

Equation 7 
d;(n) =X '''y, (by: (1) 

= 

Mk Equation 8 
Zi (n) =XA'y, (1)d (1) 

= 

The optimal filter tap coefficient is found recursively by 
using the RLS algorithm as given in Equation 9. 

q(n) = db (n-1)y, (n) Equation 9 

kin-1 A-lying, 

where S,(n) is an a priori estimation error which is given in 
Equation 10. 

3,(n)=d(n)-w, "(n-1)y, (n) Equation 10 
A large amount of calculation of the optimal filter tap 

coefficient using the RLS algorithm is needed since the RLS 
algorithm is independently applied to the M equalizer filter 
tap coefficients w, (n), i=1,..., M. 
When the autocorrelation matrix d(n) is defined as 

Equation 11, d'(n),...,d'(n) are recursively calculated 
by using the autocorrelation matrix through Equation 12. 

d;(n) Zik (n) Equation 11 
d;(n) = zi, (n) a.k. (n) 

d (n) + c, (n)w, (n)w, -c;(n)wi (n) Equation 12 
d(n) = H 

-c;(n)w? (n) c;(n) 

where it is given that C, 

a (n) = X a'a,(1) in Equation 11, and 
= 

c;(n) = in Equation 12. 
as (n)-zil, (n)w, (n) 

Since it is given that y, (n)-y, (n), d(n) from Equa 
tions 11 and 12, q(n) is recursively calculated as expressed 
in Equation 13 when Substituting Equation 12 and an expan 
sion of y, (n) for q(n) of Equation 9. Here, note that q(n)= 

Equation 13 -wi (n - 1) 
+ c (n - Ign 1 q(n) = s 
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8 
Equation 13 is applicable when the symbol detecting order 

is known. 

The symbol detecting order is to be decided after the opti 
mal filter coefficient of the equalizer is calculated. 

In general, it is known as the symbol detecting sequence of 
minimizing the symbol error probability in the V-BLAST 
scheme to detect the signal which has the largest SNR (signal 
to-noise ratio) in each stage. An equivalent SNR is found by 
using the Summation of weights of square errors given as 
Equation 14 in the RLS algorithm. 

Equation 14 
ei (n) =X A'id, (I)-wil (Dy, (1) 

= 

The equalizer 100 detects the symbol which minimizes the 
Summation of weights of square errors given as Equation 14 
in each detecting stage as given in Equation 15. 

k-arg 8 ei (n) Equation 15 

When it is defined that v, (n)=d,' (n)Z, (n), V, corre 
sponds to Equation 6 considering that k, is changed to j in 
w(n) of Equation 6. The Summation of the square error is 
given as Equation 16. 

For example, when the number of transmit antennas is four, 
and the symbol detecting sequence at the receiver is given as 
S={4, 3, 2, 1}, d, is recursively found using Equation 12, 
the optimal symbol detecting sequence is decided using 
Equation 15, and the optimal filter tap coefficient V, (n) is 
found as shown in FIG. 3. 

FIG. 4 shows a simplified process for updating the optimal 
filter tap coefficient compared to FIG. 3. 
The method for updating the optimal filter tap coefficient 

shown in FIG. 4 proposes a method for finding V, (n) without 
updating d, since the method for updating the optimal filter 
tap coefficient shown in FIG. 3 requires a relatively large 
amount of calculation for recursively finding d, and v, (n). 
Assuming that the calculation on V, (n)=d,' (n)Z, (n) is 

finished, Z(n) is defined as Equation 17 since Equation 12 
for calculating d,' and an update equation of Z, (n) are i-li 
needed to calculate V. (n)=d, '(n)Z, (n). 

Zij(n)-gly(n). . . . . gN. (n), gNiki, (n), . . . . gN i,j 
(n) Equation 17 

Noting that 

XA'y, (n)d;(n), 1 s is N 
= 

Si.f(n) F 
XA'd (n)d;(n), N + 1 s is N + M 
= 

Z, (n) can be given as an update equation of Equation 18. 

Z, 1 (n)-Z," (n), gy, (n) Equation 18 

Since O(n) corresponds to gy,(n), the summation of 
square error can be given as Equation 19. 
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Also, an (N+M)xN cross correlation matrix is defined in 
Equation 20 by using Equation 8 which has defined Z, (n). 

r r Equation 20 G(n) =X '''y (n), a' (na" (n) 
= 

Noting from Equation 20 that g(n) is the (i,j)" element of 
G(n), Z, (n) in Equation 18 is obtained through G(n). In 
addition, a detected transmit symbol vector d(n) is required so 
as to obtain G(n). 
The above-noted (n-1) filter tap coefficient and the symbol 

detecting order are used as shown in Equations 21 and 22 for 
the transmit symbol vector d(n). 

d(n)-w, "(n- 1)y,(n) Equation 21 

d(n)-decision {d(n)} Equation 22 
When G(n) is given, Equations 12 and 18 are used to 

recursively find V, (n) as Equation 23. 

V-1 (n) = dpi (n)Zi-li (n) Equation 23 

-w, (n) re 
In Equation 23, note that jeS=S-k,}, S = {1,..., M. 

and v, (n)=d '(n)Z, (n).j=1,2,..., Mis calculated accord 
ing to the existing method. 
The detecting process on the adaptive receiving method for 

the MIMO is summarized as follows. 
<Algorithm 1> 
In the first stage, all the parameters are initialized so as to 

start the detection. 

gy...(n)-will (n)Zi (n) 
&iki (n) 

w(0)=1, wo)=0, v(0)=0, for all i 
where Ö is a small positive constant. 
In the second stage, the receive symbol vector input 

through a receive antenna is output through the feedforward 
filter 110 and the feedback filter 120, and the decision unit 
140 outputs a decision value, that is, a transmit symbol vector 
where i=1,2,..., M. 

y, 1(n)-ty' (n), d(n),..., d.(n) 
In the third stage, the adder 130 uses output values of the 

feedforward filter 110 and the feedback filter 120 to update 
the cross correlation matrix. 

In the fourth stage, the adaptive block 200 updates the filter 
tap coefficient and the detecting order for each symbol time. 
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10 
(I) Calculation of {v (n), j 1, 2, . . . , M) by using a 

time-update of filter tap coefficients 
q(n)=d(n-1)y(n) 

A'qi (n) 
ki(n) = 1 A-lying, 

(II) Decision of symbol detecting sequences and update of 
filter tap coefficients 

i) Obtainment of Z(n)-g(n). . . . 
(n). 2N-k (n) 

ii) Calculation of the summation of the square errors 

iii) Decision of the symbol detecting sequence 
ki arg 8 e, (n). 

W, (n)-V, (n) 

Vii (n) -- 
O 

gwk,(n)- w (n)Zi (n) -wi (n) 
&iki (n) 1 Vi-li (n) = 

In the fifth stage (n n+1), the stages starting from the 
second stage are repeated until all the detections on the M 
transmit symbol vectors transmitted from the transmit 
antenna are finished. 

In algorithm 1, the second stage can be omitted since 
previously known data are transmitted during the initial 
period. When the terminal moves slowly and the channel is 
varying slowly, it frequently occurs that the symbol detecting 
order is not changed for each symbol time, and the symbol 
detecting order used during detecting d(n-1) is not varied 
while detecting d(n). 

In algorithm2, a constant Y is defined, the symbol detecting 
order is established for each time with the interval of Y, and the 
predefined symbol detecting order is maintained in another 
time without updating the symbol detecting order for each 
symbol time as shown in algorithm 1. 

<Algorithm 2> 
Similar to algorithm 1, but (II) of the fourth stage is modi 

fied as below. 
In (II) for updating the filter tap coefficients of the fourth 

stage, (II) is performed when n is a multiple ofY, and w,(n) 
is calculated by using Equation 24 when n is not a multiple 
of Y. 

q(n)=d(n-1)y(n) Equation 24 

(n) q(n) = | -wi (n- 1) 

A'qi (n) 
kin-1. A line, 

It will be described that how much of the amount of calcu 
lation in the adaptive receiving system and method for the 
MIMO according to the preferred embodiment of the present 
invention is reduced in the time-varying channel environment 
compared to the existing V-BLAST method. 
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It is assumed that the V-BLAST method uses the method of 
“Modified Decorrelating Decision-Feedback Detection of 
BLAST Space-Time System” in Proc. ICC 2002 by Wei Zha 
and Steven D. Blostein which provides simple calculation, 
and channel estimation results are tracked by using the con 
ventional RLS method. 
Assuming that the number of transmit antennas and that of 

receive antennas are respectively M, the number of times of 
multiplication and addition of complex numbers is given as 
follows according to whether the symbol detecting order is 
varied. 
The number of times of multiplication and addition of 

complex numbers is given as Table 1 when the symbol detect 
ing order is varied while detecting d(n) and d(n+1). 

TABLE 1. 

Multiplication of Addition of 
complex numbers complex numbers 

V-BLAST+ RLS channel tracking 
Proposed MIMO-DFE 

The number of times of multiplication and addition of 
complex numbers is given as Table 2 when the symbol detect 
ing order is the same while detecting d(n) and d(n+1). 

TABLE 2 

Multiplication of Addition of 
complex numbers complex numbers 

V-BLAST+ RLS channel tracking 5/6 M + 5.5 M2 5/, M+ 2 M2 
Proposed MIMO-DFE 7.5 M2 4 M2 

Table 3 shows operations of the multiplication and addition 
of complex numbers as number values according to the num 
ber of antennas, and shows corresponding decrease informa 
tion. 

TABLE 3 

Operations M = N = 4 M-N = 8 M = N = 12 

V-BLAST -- Multiplication 1139 6646 19656 
RLS of complex 
channel le:S 
tracking Addition of 704 4736 14976 

COEX 

le:S 

V-BLAST -- Multiplication 926 4043 98.64 
RLS of complex 
channel le:S 
tracking Addition of 534 2475 6336 

COEX 

le:S 

Decrease Multiplication 18.7% 39.2% 49.8% 
rates of complex 

le:S 

Addition of 24.2% 47.7% 57.5% 
COEX 

le:S 

FIGS. 5 and 7 show graphs of performance through simu 
lations according to the MIMO adaptive receiving system and 
method. 
A channel model by W. C. Jakes is used for the simulation, 

and it is assumed that no correlation is provided between the 
respective transmit and receive antennas, and the number of 
transmit and receive antennas is four. 
A frame includes 160 transmit symbol vectors, 32 top 

transmit symbol vectors thereof are allocated to the training 
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12 
period to have the signals of the transmit antennas cross each 
other, and the signals modulated by the QPSK are transmitted 
to the receive axis (note that v-0.95). 

FIG. 5 shows a graph on the performance of algorithm 1 
when the normalized Doppler frequency which is a product of 
the Doppler frequency fa and the symbol length T, the Dop 
pler frequency being a barometer for indicating varied 
degrees of channels. 
As shown, algorithm 1 with a simpler amount of calcula 

tion shows the same performance as that of the V-BLAST 
scheme. 
When comparing the performance of algorithm 1 with the 

result of applying the V-BLAST scheme assuming that the 
channel of the lowest performance is completely known in 
FIG. 5, the performance is reduced by about 2 dB in the case 
of BER=1.0-3. 
The method for inserting a mid-amble by the ratio of 1/4, 

and tracking the channel by blocks produces performance 
lower than that of the preferred embodiment. 

FIG. 6 shows performance variations depending on faT 
when the ratio of bit power and noise power, which indicating 
that the above-described trend is not varied when the degrees 
of channel variation is changed. 

FIG. 7 shows performance of algorithm 2 according to the 
preferred embodiment of the present invention. 
As shown, the simulation environment by algorithm 2 cor 

responds to that of FIG. 5, and the symbol detecting sequence 
follows variations of the update period Y. The performance is 
lowered by less than about 1 dB when Y is 12 or 24 in the 
environment that fT is 0.0005. 
As described, the MIMO adaptive receiving system and 

method decides the optimal filter tap coefficients and the 
symbol detecting order in the time-varying channel environ 
ment to reduce complexity, provide easy realization, and pro 
duce similar performance compared to the conventional 
V-BLAST scheme, and further, it is applicable to other types 
of MIMO receivers. 

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 inven 
tion 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 receiving MIMO (multi input and multi 

output) system for transmitting and receiving transmit and 
receive symbol vectors through channels between multiple 
transmit and receive antennas, comprising: 

a linear equalizer for canceling interference added when 
passed through the channel from the receive symbol 
vectors and extracting transmit symbol Vectors by per 
forming an initial detection; 

a plurality of parallel decision feedback equalizers for can 
celing signal interference from the signals detected by 
the linear equalizer and the receive symbol vectors 
according to a filter tap coefficient and a symbol detect 
ing order updated for each predetermined period, and 
detecting the transmit symbol vectors, wherein a cross 
correlation vector is obtained by crossing a first value 
and a second value to define a cross correlation matrix, 
the first value obtained when the receive symbol vector 
is passed through the feedforward filter, and the second 
value obtained when the detected signal is fed back 
through the feedback filter; and 

an adaptive block for deciding the symbol detecting orders 
of the linear equalizer and the parallel decision feedback 
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equalizers, and updating the filter tap coefficients based 
on the RLS (recursive least square) algorithm according 
to the decided symbol detecting orders. 

2. The adaptive receiving system of claim 1, further com 
prising a reordering unit for reordering the signals sequen 
tially detected through the equalizer according to the symbol 
detecting order on a plurality of receive symbol vectors 
decided by the adaptive block. 

3. The adaptive receiving system of claim 1, wherein the 
linear equalizer comprises: 

a feed forward filter for receiving the first receive symbol 
vector from among the receive symbol vectors received 
through the receive antennas, and filtering error signals; 
and 

a decision unit for applying the optimal filter tap coefficient 
to signals output by the feedforward filter according to a 
predetermined decision reference, and outputting a deci 
sion value. 

4. The adaptive receiving system of claim 1, wherein the 
parallel decision feedback equalizer comprises: 

a feedforward filter for receiving the receive symbol vector 
from the receive antennas, and performing filtering by 
using a feed forward filter tap coefficient decided by the 
adaptive block; 

a feedback filter for receiving detected signals from among 
the receive symbol vectors, and performing filtering by 
using a feedback filter tap coefficient decided by the 
adaptive block; 

an adder for adding the respective signals output by the 
feedforward filter and the feedback filter, and outputting 
added values; and 

a decision unit for applying the optimal filter tap coefficient 
to the added values output by the adder according to a 
predetermined decision reference, and outputting deci 
sion values. 

5. The adaptive receiving system of claim 4, wherein the 
feedback filter increases by an order by one when a detection 
on the receive symbol vectors from the second symbol to the 
last symbol is repeated. 

6. The adaptive receiving system of claim 1, wherein the 
adaptive block defines the reference for deciding the tap coef 
ficient by errors of between the transmit symbol vector trans 
mitted by the transmit antenna and the output of the equalizer, 
and defines the optimal filter tap coefficient as a filter coeffi 
cient for minimizing the errors. 

7. An adaptive receiving method in an adaptive receiving 
system for a MIMO (multi input and multi output) for allow 
ing an equalizer to detect transmit symbol vectors when the 
transmit symbol vectors transmitted from multiple transmit 
antennas are input as receive symbol vectors through multiple 
receive antennas, comprising: 

(a) the equalizer detecting an error signal by allowing the 
initial receive symbol vector to be passed through a 
feedforward filter, and detecting the transmit symbol 
vectors according to a predetermined decision refer 
ence, when the receive symbol vectors are input; and 

(b) allowing the equalizer to apply an optimal filter tap 
coefficient to the feedforward filter and a feedback filter, 
canceling interference from the receive symbol vectors 
and detected signals according to a predetermined sym 
bol detecting order, and detecting the transmit symbol 
vectors when (a) is finished, and using a cross correla 
tion vector obtained by crossing a first value and a sec 
ond value to define a cross correlation matrix G(n), the 
first value being obtained when the receive symbol vec 
tor is passed through the feed forward filter, and the 
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14 
second value being obtained when the detected signal is 
fed back through the feedback filter. 

8. The adaptive receiving method of claim 7, wherein 
(b)comprises: allowing the feed forward filter and the feed 
back filter to update the optimal filter tap coefficient based on 
the RLS (recursive least square) algorithm, and deciding the 
symbol detecting order on the equalizer so that a symbol for 
minimizing the Summation of weights of square errors may 
be estimated. 

9. The adaptive receiving method of claim 8, wherein the 
optimal filter tap coefficient is a filter coefficient for minimiz 
ing error between the transmit symbol vector transmitted by 
the transmit antenna and the estimated transmit symbol Vec 
tor output by the equalizer. 

10. The adaptive receiving method of claim 8, wherein the 
optimal filter tap coefficient w(n), i=1,..., M is recursively 
found by using Subsequent equations: 

kin-1. A viola, 

where S,(n) is an a priori estimation error which is given as 

11. The adaptive receiving method of claim 8, wherein the 
symbol detecting orderk, of the equalizer is decided to detect 
the symbol for minimizing the Summation of weights of 
square errors: 

k = argmine (n) and 8 (n)= X Ald, (I)-wil (Dy, (1) 
= 

where w, (n) is an integrated filter coefficient vector of the 
equalizer, and y, (n) is an integrated input signal vector, and 
d(n) is a transmit symbol vector. 

12. The adaptive receiving method of claim 7, wherein (a) 
comprises deciding a value d(n) on the first transmit symbol 
vector by using a value d(n) generated when the receive 
symbol vectory, (n) is input to the feedforward filter and is 
then output therefrom: 

de, (n)-decision{d (n)} 

13. The adaptive receiving method of claim 7, wherein (b) 
comprises: 

(i) the cross correlation vector is obtained by an equation: 

(ii) calculating the optimal filter tap coefficient of{v(n), 
j=1,2,..., M applied to the feedforward filter and the 
feedback filter when (i) is finished; 
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ki(n) = 1 A-lying, 
5 

(iii) deciding the symbol detecting orders of the equalizer, 10 
and updating the filter tap coefficients when (ii) is fin 
ished; and 

(iv) applying the symbol detecting order decided in (iii) 
and the filter tap coefficient to the next receive symbol 
vector, detecting the transmit symbol vector, and repeat- 15 
ing (iv). 

14. The adaptive receiving method of claim 13, wherein 
(iii) comprises obtaining the cross correlation vector Z(n), 
calculating the summation e(n) of weights of square errors, 
and deciding the symbol detecting order 30 2O 

of each equalizer: 

30 

| Vi;(n) g-f(n)-will (n)Zi (n)-wi (n) 
Vi-li (n) = O -- solution 1 

35 

where W,(n) is an integrated filter tap coefficient. 
15. The adaptive receiving method of claim 7, wherein (b) 

comprises deciding the symbol detecting order of the equal 
izer at intervals of a constant Y. 40 

16. The adaptive receiving method of claim 15, wherein 
when inputting the n' receive symbol vector, (i) when n is a 
multiple of the constant y, obtaining the cross correlation 
vector Z (n), calculating the summation e(n) of weights of 
square errors, and deciding the symbol detecting order 30 45 

k-arg Be, (n) 
of each equalizer: 

Z;(n)-gi (n), gN,(n)-gNi?n,) 50 

e;(n)-gy (n)Z;(n) 

w(n)-vis (n) 
55 

re gy., (n)- will (n)Zij(n)-w, (n) 
Vi-1 (n) = -- solution O &iki (n) 1 

60 

where w,(n) is an integrated filter tap coefficient; (ii) when 
n is not a multiple of the constanty, updating the filter 
tap coefficient by use of subsequent equations, and using 
the previous (n-1) symbol detecting order for the sym 
bol detecting order of each equalizer: 65 

16 

-wi (n - 1 
+c(n-1)e(n) Wii (n 

kin-1. A viola, 

17. The adaptive receiving method of claim 7, wherein (b) 
comprises updating the filter tap coefficient and deciding the 
symbol detecting order for each symbol time according to the 
speed of the channel varying during a predetermined period. 
and deciding the symbol detecting order once with the inter 
val of the constanty, and updating the filter tap coefficient and 
maintaining the symbol detecting order during a residual 
period. 

18. A wireless communication device for transmitting and 
receiving transmit and receive symbol vectors through a com 
munication channel, comprising: 

a linear equalizer for canceling interference from the 
receive symbol vectors and extracting transmit symbol 
vectors by performing a detection. and 

a plurality of feedback equalizers for canceling signal 
interference from the signals detected by the linear 
equalizer and the receive symbol vectors according to a 
filter tap coefficient and a symbol detecting order 
updated for each predetermined period, and detecting 
the transmit symbol vectors, wherein a cross correlation 
vector is obtained by crossing a first value and a second 
value to define a cross correlation matrix, the first value 
obtained when the receive symbol vector is passed 
through a feedforward filter; and the second value 
obtained when the detected signal is fed back through a 
feedback filter. 

19. An adaptive receiving multi input and multi output 
method for allowing an equalizer to detect transmit symbol 
vectors when the transmit symbol vectors transmitted from 
multiple transmit antennas are input as receive symbol vec 
tors through multiple receive antennas, comprising: 

(a) the equalizer detecting an error signal by allowing the 
initial receive symbol vector to be passed through a 
feedforward filter; and detecting the transmit symbol 
vectors, when the receive symbol vectors are input, and 

(b) allowing the equalizer to apply an optimal filter tap 
coefficient to the feedforward filter and a feedback filter, 
canceling interference from the receive symbol vectors 
and detected signals according to a predetermined sym 
bol detecting Order, and detecting the transmit symbol 
vectors when (a) is finished, and using a cross correla 
tion vector obtained by crossing a first value and a 
second value to define a cross correlation matrix G(n), 
the first value being obtained when the receive symbol 
vector is passed through the feedforward filter, and the 
second value being obtained when the detected signal is 
fed back through the feedback filter: 

20. The wireless communication device of claim 18, 
wherein the transmission and reception of the transmit and 
receive symbol vectors are performed between multiple trans 
mit and receive antennas. 

21. The wireless communication device of claim 20, further 
comprising: 

an adaptive block for deciding the symbol detecting Orders 
of the linear equalizer and the feedback equalizers, and 
updating the filter tap coefficients according to the 
decided symbol detecting Orders. 
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22. The wireless communication device of claim 21, 
wherein the adaptive block updates the filter tap coefficients 
based on the recursive least square (RLS) algorithm. 

23. The wireless communication device of claim 22, further 
comprising a reordering unit for reordering the signals 
sequentially detected through the linear equalizer according 
to the symbol detecting Order on a plurality of receive symbol 
vectors decided by the adaptive block. 

24. The adaptive receiving multi input and multi output 
method of claim 19, wherein the equalizer detecting an error 
signal comprises. 

using the cross correlation vector obtained by crossing a 
first value and a second value to define a cross corrella 
tion matrix G(n). 

25. A wireless communication method for transmitting and 
receiving transmit and receive symbol vectors through a com 
munication channel, comprising: 

(a) canceling interference from the receive symbol vectors 
and extracting transmit symbol vectors by performing a 
detection, and 

(b) canceling signal interference from the detected signals 
and the receive symbol vectors according to a filter tap 
coefficient and a symbol detecting order updated for 
each predetermined period, and detecting the transmit 
symbol vectors, wherein a cross correlation vector is 
obtained by crossing a first value and a second value to 
define a cross correlation matrix, the first value obtained 
when the receive symbol vector is passed through a 
feedforward filter, and the second value obtained when 
the detected signal is fed back through a feedback filter. 

26. The wireless communication method of claim 25, 
wherein the transmission and reception of the transmit and 
receive symbol vectors are performed between multiple trans 
mit and receive antennas. 
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27. The wireless communication method of claim 26, fir 

ther comprising: 
deciding the symbol detecting Orders of the linear equal 

izer and the feedback equalizers, and updating the filter 
tap coefficients according to the decided symbol detect 
ing Orders. 

28. The wireless communication method of claim 27, 
wherein the updating of the filter tap coefficients is performed 
based on the recursive least square (RLS) algorithm. 

29. The wireless communication method of claim 28, fir 
ther comprising: 

reordering the signals sequentially detected according to 
the symbol detecting order on a plurality of receive 
symbol vectors. 

30. A wireless communication device through a communi 
cation channel, comprising: 

a linear equalizer configured to cancel interference from 
receive symbol vectors and extract transmit symbol vec 
tors, and 

a feedback equalizer configured to cancel signal interfer 
ence from the signals detected by the linear equalizer 
and the receive symbol vectors according to a filter tap 
coefficient and a symbol detecting Order, wherein a cross 
correlation vector is obtained by crossing a first value 
and a second value, the first value obtained when the 
receive symbol vector is passed through a feedforward 
filter; and the second value obtained when the detected 
signal is fed back through a feedback filter. 

31. A wireless communication method through a commu 
nication channel, comprising: 

canceling interference from receive symbol vectors and 
extracting transmit symbol vectors and 

canceling signal interference from the detected signals and 
the receive symbol vectors according to a filter tap coef 
ficient and a symbol detecting Order, wherein a cross 
correlation vector is obtained by crossing a first value 
and a second value, the first value obtained when the 
receive symbol vector is passed through a feedforward 
filter; and the second value obtained when the detected 
signal is fed back through a feedback filter. 

k k k k k 


