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1. 

PRECODER AND PRECODING METHOD IN 
A MULT-ANTENNASYSTEM 

PRIORITY 

This application claims the benefit under 35 U.S.C. S 119 
(a) of a Korean patent application filed in the Korean Intel 
lectual Property Office on Jan. 29, 2007 and assigned Serial 
No. 2007-9090, the entire disclosure of which is hereby incor 
porated by reference. 

JOINT RESEARCH AGREEMENT 

The presently claimed invention was made by or on behalf 
of the below listed parties to a joint research agreement. The 
joint research agreement was in effect on or before the date 
the claimed invention was made and the claimed invention 
was made as a result of activities undertaken within the scope 
of the joint research agreement. The parties to the joint 
research agreement are 1) Samsung Electronics Co., Ltd., and 
2) Board of Regents. The University of Texas System. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to a precoder and a 

precoding method in a multi-antenna system. More particu 
larly, the present invention relates to a precoder and a precod 
ing method for canceling interference of multiple terminals in 
a multiuser multi-antenna system. 

2. Description of the Related Art 
As a result of the rapid growth of the wireless mobile 

communication industry and the increasing demand for the 
provision of various multimedia services in a wireless envi 
ronment, there is an increasing need for communication sys 
tems capable of transmitting large amounts of data at a high 
data rate. In accordance with the need for the transmission of 
large amounts of data at a high data rate transmission for the 
provision of multimedia services, research is being conducted 
on a multi-antenna system (e.g., Multiple Input Multiple Out 
put (MIMO) system) for efficiently utilizing limited fre 
quency resources. 
Compared to a single-antenna system, the multi-antenna 

system is able to increase transmission reliability and data 
rate by sending data over independent channels via antennas 
without allocating additional frequencies or transmit power. 
Moreover, the multi-antenna system can be extended to a 
multiuser multi-antenna system which Supports a plurality of 
USCS. 

The multiuser multi-antenna system can further increase 
the frequency efficiency Such that multiple users can share the 
space resources acquired through the use of multiple antenna. 

In the multiuser multi-antenna system, a transmitting end 
precodes and transmits data to prevent interference among the 
USCS. 

For example, the transmitting end adopts a linear approach 
such as Zero Forcing (ZF) scheme, Minimum Mean Square 
Error (MMSE) scheme or a block diagonalization, to mitigate 
interference among the users. 

In addition, the transmitting end adopts a nonlinear 
approach Such as dirty paper coding or Tomlinson-Harashima 
precoding, to mitigate interference among the users. 

If the ZF or the MMSE precoding is used to cancel inter 
ference among the users in the multiuser multi-antenna sys 
tem, implementation of the transmitting end can be simpli 
fied. When the users’ respective channels are not mutually 
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2 
orthogonal, however, the transmitting end Suffers from 
enhancement of the transmitting signal power due to channel 
inversion. 

If the multiuser multi-antenna system uses the dirty paper 
coding to cancel the interference among the users and the 
transmitting end accurately knows the users' channel infor 
mation, channel capacity can be raised by canceling the inter 
ference among the users. Nevertheless, canceling the inter 
ference among the users using the dirty paper coding is 
considered to be impossible to implement due to the com 
plexity of the transmitting end. 

If the multiuser multi-antenna system uses the block diago 
nalization to cancel the interference among the users, how 
ever, the complexity of the transmitting end can be reduced, 
compared to the complexity of dirty paper coding, by allo 
cating the next user to a null space of the channel of a specific 
user selected from the users to be serviced and sequentially 
canceling the interference. To achieve the maximum sum rate 
of block diagonalization, however, each user needs to know 
the decoding information obtained form the transmitting end. 
In order to do so, the transmitting end needs to send the 
decoding information to each user via coordinated informa 
tion. 
As discussed above, the transmitting end of the multiuser 

multi-antenna system transmits the signal using the precod 
ing to mitigate the interference among the serviced users. 
When the transmitting end employs the linear interference 
cancellation scheme, however, its implementation can be 
simplified but results in performance degradation. When 
using the nonlinear interference cancellation scheme, perfor 
mance is quite good but complexity increases. 

Therefore, a novel precoding method is required for 
achieving a high level of performance while lowering the 
complexity of the multiuser multi-antenna system. 

SUMMARY OF THE INVENTION 

An aspect of the present invention is to address at least the 
above-mentioned problems and/or disadvantages and to pro 
vide at least the advantages described below. Accordingly, an 
aspect of the present invention is to provide a precoder and a 
precoding method in a multiuser multi-antenna system. 

Another aspect of the present invention is to provide an 
apparatus and method for realizing low complexity and opti 
mal performance and canceling interference among terminals 
in a multiuser multi-antenna system. 

Yet another aspect of the present invention is to provide an 
apparatus and a method for maximizing a Sum rate using 
inverse channels of transmitting end in a multiuser multi 
antenna system. 

Still another aspect of the present invention is to provide an 
apparatus and a method for selectively using an inter-terminal 
interference cancellation scheme based on a transmit symbol 
power in a multiuser multi-antenna system. 

According to one aspect of the present invention a precoder 
in a multiuser multi-antenna system is provided. The system 
includes a channel checker for determining a Downlink (DL) 
channel condition of terminals in a service coverage area, a 
pre-compensator for selecting a nonlinear algorithm accord 
ing to a feedback scheme of channel state information from 
the terminals, and for pre-compensating, for a channel distor 
tion, signals to be sent to the terminals by applying the 
selected nonlinear algorithm, and an interference remover for 
canceling interference in a channel by multiplying the pre 
compensated signals by inverse channels of the terminals, and 
for canceling interference between the terminals without 
coordinated information. 
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According to one aspect of the present invention, a precod 
ing method in a multiuser multi-antenna system is provided. 
The system includes determining a DL channel condition of 
terminals in a service coverage area, selecting a nonlinear 
algorithm according to a feedback Scheme of channel condi 
tion of the terminals, pre-compensating for a channel distor 
tion in signals to be sent to the terminals by applying the 
selected nonlinear algorithm, canceling interference in a 
channel by multiplying the pre-compensated signals by 
inverse channels of the terminals, and canceling interference 
between the terminals. 

Other aspects, advantages, and salient features of the 
invention will become apparent to those skilled in the art from 
the following detailed description, which, taken in conjunc 
tion with the annexed drawings, discloses exemplary embodi 
ments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other aspects, features and advantages of 
certain exemplary embodiments of the present invention will 
become more apparent from the following detailed descrip 
tion when taken in conjunction with the accompanying draw 
ings in which: 

FIG. 1 is a block diagram of a multiuser multi-antenna 
system according to an exemplary embodiment of the present 
invention; 

FIG. 2 is a block diagram of a transmitting end in the 
multiuser multi-antenna system according to an exemplary 
embodiment of the present invention; 

FIG. 3 is a detailed block diagram of a precoding block in 
the multiuser multi-antenna system according to an exem 
plary embodiment of the present invention; 

FIGS. 4A and 4B are detailed block diagrams of a symbol 
remapping block in the multiuser multi-antenna system 
according to an exemplary embodiment of the present inven 
tion; 

FIG. 5 is a detailed block diagram of an interference 
removing block in the multiuser multi-antenna system 
according to an exemplary embodiment of the present inven 
tion; 

FIG. 6 is a block diagram of a receiving end in the multiuser 
multi-antenna system according to an exemplary embodi 
ment of the present invention; 

FIGS. 7A and 7B are detailed block diagrams of a symbol 
unremapper of the receiving end in the multiuser multi-an 
tenna system according to an exemplary embodiment of the 
present invention; 

FIG. 8 is a flowchart of operations of a transmitting end in 
the multiuser multi-antenna system according to an exem 
plary embodiment of the present invention; 

FIG. 9 is a flowchart of operations of a receiving end in the 
multiuser multi-antenna system according to an exemplary 
embodiment of the present invention; 

FIG. 10 is a graph of a sum rate of channel capacities of the 
users according to an exemplary embodiment of the present 
invention; 

FIG. 11 is a graph of a bit error rate according to an 
exemplary embodiment of the present invention; and 

FIG. 12 is a graph of a bit error rate according to another 
exemplary embodiment of the present invention. 

Throughout the drawings, it should be noted that like ref 
erence numbers are used to depict the same or similar ele 
ments, features and structures. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

The following description with reference to the accompa 
nying drawings is provided to assist in a comprehensive 
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4 
understanding of exemplary embodiments of the present 
invention as defined by the claims and their equivalents. It 
includes various specific details to assist in that understanding 
but these are to be regarded as merely exemplary. Accord 
ingly, those of ordinary skill in the art will recognize that 
various changes and modifications of the embodiments 
described herein can be made without departing from the 
Scope and spirit of the invention. Also, descriptions of well 
known functions and constructions are omitted for clarity and 
conciseness. 

Exemplary embodiments of the present invention provide a 
technique for maximizing a channel capacity by adaptively 
selecting a precoding scheme according to channel informa 
tion of terminals in a multiuser multi-antenna system. 

Hereafter, it is assumed that a transmitting end of the multi 
antenna system can accurately estimate DownLink (DL) 
channel information of terminals from an UpLink (UL) 
Sounding signal or an analog feedback signal received from 
the terminals in a service coverage area. The description of 
the transmitting end being a base station and a receiving end 
being a user terminal is merely exemplary. 
A multiuser multi-antenna system according to an exem 

plary embodiment of the present invention is shown in FIG.1. 
FIG. 1 is a block diagram of the multiuser multi-antenna 

system according to an exemplary embodiment of the present 
invention. 
The multiuser multi-antenna system of FIG. 1 includes a 

base station 100 including a plurality of antennas (NT-ary 
antennas), and a plurality of terminals 110, 120 and 130 
serviced from the base station 100 and each including a plu 
rality of antennas. 
The base station 100 selects terminals 110, 120 and 130 to 

be serviced using DL channel information of the terminals 
acquired from feedback information received from terminals 
in its service coverage area. 

Next, the base station 100 provides the service to the 
selected terminals 110, 120 and 130 using different space 
resources H. H. and H. acquired through the simultaneous 
use of the plurality of the antennas during the same time 
resource. In doing so, the base station 100 uses a hybrid 
precoder which precodes signals transmitted to the terminals 
by applying a linear precoding scheme and a nonlinear pre 
coding scheme. The terminals decode the received signal in 
the same manner as the hybrid precoding scheme of the base 
station 100. Specifically, when the base station 100 sends the 
signal using the hybrid precoder, the terminals receiving the 
signal from the base station 100 decode the signal using the 
same nonlinear Scheme as the nonlinear scheme selected by 
the base station 100 to send the signal. 
The base station is constituted as shown in FIG. 2. The 

terminals are constituted as shown in FIG. 6. 
FIG. 2 is a block diagram of a transmitting end in the 

multiuser multi-antenna system according to an exemplary 
embodiment of the present invention. 
The base station of FIG. 2 includes a scheduler 200, adap 

tive modulators 210-1, 210-2 and 210-K precoding blocks 
220-1,220-2 and 220-K, an antenna mapper 230, and a feed 
back receiver 240. 
The feedback receiver 240 receives signals fed back from 

the terminals in the service coverage area of the transmitting 
end and determines DL channel information of the terminals. 
For example, the feedback receiver 240 determines DL chan 
nel information from an UL Sounding signal, an analog feed 
back signal, or a Channel Quality Indicator (CQI) contained 
in a feedback bit, which is received from the terminals. 
Herein, the CQI not only indicates a Signal to Noise Ratio 
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(SNR) but also includes channel state information, SNR 
index, channel capacity index, and codebook index. 
The scheduler 200 selects terminals to service using the 

channel information of the terminals provided from the feed 
back receiver 240. For example, the scheduler 200 selects 
K-ary terminals having good channel conditions among the 
terminals in the service coverage area. 

The adaptive modulators 210-1, 210-2 and 210-K adap 
tively modulate signals to be sent to the terminals selected at 
the scheduler 200 according to the channel conditions of the 
terminals. For example, the first adaptive modulator 210-1 
modulates a signal to be sent to the first terminal at a modu 
lation level (e.g., Modulation and Coding Scheme (MCS) 
level) determined based on the channel information of the 
first terminal selected at the scheduler 200. The K" adaptive 
modulator 210-K modulates a signal to be sent to the K" 
terminal at a modulation level determined based on the chan 
nel information of the K" terminal. 
The precoding blocks 220 precode the signals output from 

the adaptive modulators 210 to cancel interference between 
the terminals. Herein, the precoding blocks 220-1, 220-2 and 
220-K are constituted by taking into account the number of 
the terminals selected at the scheduler 200 and the number of 
the transmit antennas. 

For example, each of the precoding blocks 220-1, 220-2 
and 220-K include a symbol remapping block 300, an inter 
ference removing block 310, and a controller 320 as shown in 
the precoding block 220 of FIG. 3. The symbol remapping 
block 300 and the interference removing block 310 include 
symbol remappers and interference cancellers for the signals 
to be sent to the terminals. 

The antenna mapper 230 maps the precoded signals output 
from the precoding blocks 220-1, 220-2 and 220-K to the 
antennas and transmits the signals to the terminals selected by 
the Scheduler 200. 

FIG. 3 is a detailed block diagram of a precoding block in 
the multiuser multi-antenna system according to an exem 
plary embodiment of the present invention. 
The precoding block 220 of FIG. 3 includes the symbol 

remapping block 300, the interference removing block 310, 
and the controller 320. 
The controller 320 determines a nonlinear precoding 

scheme for minimizing a power of a transmit signal when the 
interference removing block 310 pre-compensates for chan 
nel distortion using the linear approach according to the feed 
back scheme of the channel information from the terminals. 
For example, when the terminals feedback using an analog 
feedback Scheme or a channel sounding scheme, the control 
ler 320 performs nonlinear precoding by selecting the non 
linear precoder of FIG. 4A. When the terminals feedback 
using a COI scheme, the controller 320 performs nonlinear 
precoding by selecting the nonlinear precoder of FIG. 4B. 
When the interference removing block 310 pre-compen 

sates for the channel distortion using the linear scheme, the 
symbol remapping block 300 generates a signal having its 
power minimized based on the nonlinear precoding scheme 
determined to minimize the power of the transmit signal 
under the control of the controller 320. The symbol remap 
ping block 300 generates a transmit signal having its power 
minimized through the vector perturbation determined under 
the control of the controller 320. 

The symbol remapping block 300 lowers the power per 
transmit symbol or a Peak to Average Power Ratio (PAPR) by 
pre-compensating the channel distortion of the transmit sig 
nal. Herein, the symbol remapping block 300 pre-compen 
sates for the channel distortion using the user index of the 
terminals selected at the scheduler 200, an Adaptive Modu 
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6 
lation and Coding (AMC) level index of the terminals, and the 
CQI of the terminals provided from the feedback receiver 
240. 
When using a vector perturbation of the respective nonlin 

ear approaches, exemplary symbol remapping blocks 300 are 
constituted as shown in FIGS. 4A and 4B. 
The interference removing block 310 cancels interference 

in the base station's channel from the terminals and interfer 
ence with the other terminals in the signal output from the 
symbol remapping block 300. If the base station transmits a 
signal via a plurality of transmit antennas and the terminal 
receives the signal via a plurality of receiving antennas, the 
terminal receives the overlapping signals, which are transmit 
ted over the plurality of the transmit antennas, at the single 
receiving antenna. As a result, interference to the base sta 
tion’s own channel occurs. 
An exemplary interference removing block 310 is consti 

tuted as shown in FIG. 5. 
FIGS. 4A and 4B are detailed block diagrams of a symbol 

remapping block in the multiuser multi-antenna system 
according to an exemplary embodiment of the present inven 
tion. 

FIG. 4A shows a symbol remapping block 300 which gen 
erates perturbing symbols and performs the vector perturba 
tion. FIG. 4B shows a symbol remapping block 300 which 
selects the perturbing symbol based on the codebook and 
performs the vector perturbation. 
The symbol remapping block 300 of FIG. 4A includes a 

symbol selector 410 and a symbol generator 420. 
The symbol generator 420 generates perturbing symbols 

using the user index of the terminals selected at the scheduler 
200, the AMC level index of the terminals, and the CQI of the 
terminals. Herein, the perturbing symbols are symbols modi 
fied from the modulation symbols of the corresponding 
modulation scheme based on the channels So as to perform the 
vector perturbation. The symbol generator 420 can be imple 
mented using a minimum transmit symbol power scheme or a 
minimum PAPR scheme. 
The symbol selector 410 selects and outputs the perturbing 

symbol which satisfies Equation (1) among the perturbing 
symbols generated at the symbol generator 420. 

arginin 

arginin 

In Equation (1), P. indicates the k" perturbing symbol, 
He indicates the channel constituted with the channels of 
the terminals, and S indicates the input signal. 
When the symbols of the transmit signal are mapped to the 

perturbing symbols based on Equation (1) for the pre-com 
pensation of the transmit signal, the symbol selector 410 
selects the perturbing symbol which minimizes the magni 
tude or power of the transmit signal. 
The symbol selector 410 can enhance the SNR of the 

signals to be sent to the terminals through the perturbation 
based on Equation (1). 
The symbol remapping block 300 of FIG. 4B includes a 

symbol selector 430 and a symbol codebook 440. 
The symbol codebook 440 selects perturbing symbols 

from a symbol codebook pre-defined using the user index of 
the terminals selected at the scheduler 200, the AMC level 
index of the terminals, and the CQI of the terminals. Herein, 
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the symbol codebook 440 generates the symbol codebook 
using a Grassmannian algorithm, a Givens rotation matrix, or 
a Lloyd algorithm. 
When the symbols of the transmit signal are mapped to the 

perturbing symbols using Equation (1) for the pre-compen 
sation of the transmit signal, the symbol selector 430 selects 
a perturbing symbol which minimizes the magnitude or 
power of the transmit signal among the perturbing symbols 
selected at the symbol codebook 440. 

FIG. 5 is a detailed block diagram of an interference 
removing block in the multiuser multi-antenna system 
according to an exemplary embodiment of the present inven 
tion. 

The interference removing block 310 of FIG. 5 includes a 
pre-equalizer 510 and a nulling matrix block 520. 
The pre-equalizer 510 performs pre-equalization based on 

an inverse channel of the base station’s channel to mitigate the 
base station’s channel interference in the signals provided 
from the symbol remapping block 300. The pre-equalizer 510 
can adopt the ZF or the MMSE. 
The nulling matrix block 520 cancels the interference 

between the terminals in the signal output from the pre 
equalizer 510. In more detail, the nulling matrix block 520 
removes the interference between the terminals by canceling 
the channel matrixes of the interfering terminals from the 
channel matrixes of the terminals to be serviced. 

FIG. 6 is a block diagram of a receiving end in a multiuser 
multi-antenna system according to an exemplary embodi 
ment of the present invention. 

The terminal of FIG. 6 includes a symbol unremapping 
block 600, a demodulation block 610, a channel estimator 
620, and a feedback controller 630. 
The symbol unremapping block 600 converts the symbols 

of the signal received on the receiving antennas to the un 
precoded symbols. As mentioned above, the base station 
remaps the symbols to pre-compensate for the distortion in 
the symbols of the transmit signal at the symbol remapping 
block 300. Accordingly, the symbol unremapping block 600 
converts the remapped symbols of the receive signal to the 
un-remapped symbols. 

The symbol unremapping block 600 determines the non 
linear precoding scheme according to the feedback Scheme of 
the channel information to the base station. For example, 
when the feeding back adopts the analog feedback Scheme or 
the channel Sounding scheme, the symbol unremapping block 
600 selects the nonlinear precoding scheme according to the 
nonlinear precoder of FIG. 7A. When the CQI scheme is used 
for the feedback, the symbol unremapping block 600 selects 
the nonlinear precoding scheme according to the nonlinear 
precoder of FIG. 7B. 
When the symbol remapping block 300 of the transmitting 

end remaps the symbols using the vector perturbation, an 
exemplary symbol unremapping block 600 is constituted as 
shown in FIGS. 7A and 7B. 
The demodulation block 610 demodulates the signal out 

put from the symbol unremapping block 600 according to the 
corresponding modulation level. In doing so, the demodula 
tion block 610 demodulates the signal at the same modulation 
level as the modulation level adaptively determined at the 
base station based on the channel condition. 

The channel estimator 620 estimates the DL channel using 
the signal received on the receiving antennas. The channel 
estimator 620 estimates the channel using the pilot signal of 
the receive signal. 
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The feedback controller 630 feeds back the channel infor 

mation estimated at the channel estimator 620 to the base 
station in the form of the UL Sounding signal or the analog 
feedback. 

FIGS. 7A and 7B are detailed block diagrams of a symbol 
unremapping block of the receiving end in the multiuser 
multi-antenna system according to an exemplary embodi 
ment of the present invention. 

FIG. 7A shows a symbol unremapping block which regen 
erates the perturbing symbol, and FIG. 7B shows a symbol 
unremapping block which selects the perturbing symbol 
based on the codebook. 
The symbol unremapping block 600 of FIG. 7A includes a 

symbol reconstructor 710 and a symbol regenerator 720. 
The symbol regenerator 720 regenerates the perturbing 

symbols using the AMC level index based on the DL channel 
condition and the DL COI. That is, the symbol regenerator 
720 generates the same perturbing symbols as in the symbol 
generator 420 of FIG. 4A. Herein, the perturbing symbols are 
the symbols modified from the modulation symbols of the 
corresponding modulation scheme based on the channel to 
perform the vector perturbation. 
The symbol reconstructor 710 converts the symbols of the 

received signal into the unremapped symbols using the per 
turbing symbols generated at the symbol regenerator 720. 

Next, the symbol unremapping block 600 of FIG. 7B 
includes a symbol reconstructor 730 and a symbol codebook 
740. 
The symbol codebook 740 selects perturbing symbols 

from the predefined symbol codebook using the AMC level 
index based on the DL channel condition and the DL COI. 
Herein, the symbol codebook 740 generates the symbol code 
book using the Grassmannian algorithm, the Givens rotation 
matrix, or the Lloyd algorithm. 
The symbol reconstructor 730 converts the symbols of the 

received signal to the unremapped symbols using the perturb 
ing symbols selected at the symbol codebook 740. 
Now, an exemplary precoding method of the base station 

constituted as above is explained. 
FIG. 8 is a flowchart of operations of a transmitting end in 

a multiuser multi-antenna system according to an exemplary 
embodiment of the present invention. 

In step 801, the base station determines whether feedback 
signals are received from the terminals in the base station’s 
service coverage area. 
Upon receiving the feedback signals, the base station deter 

mines the DL channel information of the terminals from the 
feedback information in step 803. 

In step 805, the base station selects terminals to be serviced 
using the DL channel information of the terminals. 

In step 807, the base station adaptively modulates signals to 
be sent to the terminals using the modulation level (e.g., MCS 
level) that has been determined based on the DL channel 
information of the terminals. 

In step 809, the base station determines the nonlinear pre 
coding scheme according to the feedback Scheme of the ter 
minals. For example, when the terminals feedback using the 
analog feedback Scheme or the channel sounding scheme, the 
base station selects the nonlinear precoding scheme accord 
ing to the nonlinear precoder of FIG. 4A. When the terminals 
feedback using the CQI scheme, the base station selects the 
nonlinear precoding scheme according to the nonlinear pre 
coder of FIG. 4B. 

In step 811, the base station pre-compensates the transmit 
signal according to the selected nonlinear precoding scheme 
to minimize the power of the transmit signal when the channel 
distortion is pre-compensated using the linear scheme. For 
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example, the base station can pre-compensate for the channel 
distortion of the transmit signal for the terminals using the 
vector perturbation. In particular, the base station generates 
perturbing symbols using the user index of the terminals 
selected to be serviced in step 805, the AMC level index of the 
terminals, and the CQI of the terminal, or selects perturbing 
symbols from a predefined codebook. Next, when the sym 
bols of the transmit signal are mapped to the perturbing sym 
bols for the pre-compensation of the transmit signal using 
Equation (1), the base station selects the perturbing symbol 
which minimizes the magnitude or power of the transmit 
signal. 

In step 813, the base station cancels interference between 
the multiple terminals in the pre-compensated signal using 
the linear Scheme. In doing so, the base station cancels inter 
ference in its channel by multiplying the signals to be sent to 
the terminals by its inverse channel. The base station also 
rejects the interference between the terminals by canceling 
channel matrixes of the interfering terminals from the 
matrixes of the terminals. 

In step 815, the base station maps the interference-free 
signals to the transmit antennas and sends the signals to the 
terminals. 

Next, the base station ends this process. 
Now, exemplary operations of a terminal for receiving a 

signal from a base station are illustrated. 
FIG. 9 is a flowchart of operations of a receiving end in a 

multiuser multi-antenna system according to an exemplary 
embodiment of the present invention. 

In step 901, the terminal determines whether a signal is 
received from the base station via the plurality of the anten 
aS. 

Upon receiving the signal, the terminal determines the 
nonlinear precoding scheme according to the feedback 
scheme of the channel information to the base station in step 
903. For example, when the feeding back adopts the analog 
feedback Scheme or the channel sounding scheme, the termi 
nal selects the nonlinear precoding scheme according to the 
nonlinear precoder of FIG. 7A. When the CQI scheme is used 
for the feedback, the terminal selects the nonlinear precoding 
scheme according to the nonlinear precoder of FIG. 7B. 

Next, the terminal converts the remapped symbols of the 
received signal precoded at the base station using the selected 
nonlinear schemes into the unremapped symbols in step 905. 

In step 907, the terminal demodulates the unremapped 
signals according to the corresponding modulation level. 
Since the received signal is modulated at the modulation level 
adaptively determined at the transmitting end based on the 
DL channel information, the terminal demodulates the 
received signal at the same modulation level as the modula 
tion level adaptively determined based on the DL channel 
condition. 

Next, the terminal ends this process. 
Although it is not illustrated, the terminal estimates the DL 

channel from the received signal and feeds back the estimated 
channel information to the base station. 

Hereafter, explanations are provided for the performance 
change when the interference in the base station’s own chan 
nel is canceled using the base stations inverse channel in the 
multiuser multi-antenna system. 

FIG. 10 is a graph of a sum rate of channel capacities of the 
terminals according to an exemplary embodiment of the 
present invention. The horizontal axis indicates the SNR and 
the vertical axis indicates the Sum rate of the channel capaci 
ties of the multiple terminals. 

FIG. 10 compares the biterror rate of the conventional dirty 
paper coding 1000, the conventional block diagonalization 
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10 
1010, the precoding 1020 and the channel inversion 1030 of 
an exemplary embodiment of the present invention in the 
multiuser multi-antenna system. 
The conventional dirty paper coding 1000 exhibits a higher 

data rate than the block diagonalization 1010, the proposed 
precoding 1020 and the channel inversion 1030. However, the 
dirty paper coding 1000 is subject to the higher complexity 
than the block diagonalization 1010 and the proposed precod 
ing 1020. 
The proposed precoding 1020 and the block diagonaliza 

tion 1010 exhibit a similar data rate. However, the block 
diagonalization 1010 needs to perform a Singular Value 
Decomposition (SVD) and transmit the singular value to the 
terminals so that the other terminals can confirm the channel 
information. In contrast, the proposed precoding 1020 does 
not need to send a separate signal for the interference cancel 
lation between the terminals because it multiples the signal by 
its inverse channel. 

FIG. 11 is a graph of a bit error rate according to an 
exemplary embodiment of the present invention. The hori 
Zontal axis indicates the SNR and the vertical axis indicates 
the bit error rate. 

In FIG. 11, the bit error rate is compared in relation with a 
proposed precoding 1100, a nonlinear precoding 1110, and a 
linear precoding 1120. 
The proposed precoding 1100 and the nonlinear precoding 

1110 exhibit a lower bit error rate than the linear precoding 
1120. 

FIG. 12 is a graph of a bit error rate according to another 
exemplary embodiment of the present invention. The hori 
Zontal axis indicates the SNR and the vertical axis indicates 
the bit error rate. 

In FIG. 12, the bit error rate is compared in relation with a 
proposed precoding 1200 and a linear precoding 1210. 
The proposed precoding 1200 attains a lower bit error rate 

than the linear precoding 1210. 
As set forth above, the precoding scheme is adaptively 

selected based on the channel information of the terminals 
and the channel interference is canceled using the inverse 
channels of the terminals in the multiuser multi-antenna sys 
tem. Therefore, the pre-equalization can be carried out with 
out global channel State information and the increase in trans 
mit power in the permutation can be avoided. 

While the invention has been shown and described with 
reference to certain exemplary embodiments thereof, it will 
be understood by those skilled in the art that various changes 
in form and details may be made therein without departing 
from the spirit and scope of the invention as defined by the 
appended claims and their equivalents. 
What is claimed is: 
1. A precoder in a multiuser multi-antenna system, com 

prising: 
a channel checker for determining a Downlink (DL) chan 

nel condition of terminals in a service coverage area; 
a pre-compensator for selecting a nonlinear algorithm 

according to a feedback Scheme of channel state infor 
mation from the terminals, and for pre-compensating, 
for a channel distortion of signals to be sent to the ter 
minals by applying the selected nonlinear algorithm; 
and 

an interference remover for canceling interference in a 
channel by multiplying the pre-compensated signals by 
inverse channels of the terminals, to cancel interference 
between the terminals, 

wherein the feedback scheme includes at least one of an 
analog feedback Scheme, a channel Sounding scheme 
and a Channel Quality Indicator (CQI) scheme, and 



US 8,204,142 B2 
11 

wherein the pre-compensator selects a first nonlinear algo 
rithm when the terminals feed back the channel state 
information using at least one of the analog feedback 
Scheme and the channel sounding scheme, and selects a 
second nonlinear algorithm when the terminals feed 
back the channel state information using the CQI 
Scheme. 

2. The precoder of claim 1, wherein the channel checker 
determines the channel condition of the terminals using sig 
nals fed back from the terminals. 

3. The precoder of claim 1, further comprising: 
a scheduler for selecting terminals to be serviced based on 

channel state information of the terminals; and 
an adaptive modulator for adaptively modulating signals to 
be sent to the terminals based on the channel condition of 
the selected terminals and for outputting the modulated 
signals to the pre-compensator. 

4. The precoder of claim 1, wherein the pre-compensator 
comprises: 

a symbol generator for generating perturbing symbols 
based on the channel condition of the terminals to per 
form a vectorperturbation, when the terminals feedback 
the channel state information using at least one of an 
analog feedback Scheme and a channel sounding 
Scheme; and 

a symbol selector for selecting a perturbing symbol which 
minimizes a magnitude of a transmit power of the sig 
nals to be sent to the terminals from among the perturb 
ing symbols generated at the symbol generator. 

5. The precoder of claim 4, wherein the symbol generator 
generates the perturbing symbols using at least one of a mini 
mum transmit symbol power algorithm and a minimum Peak 
to Average Power Ratio (PAPR) algorithm. 

6. The precoder of claim 4, wherein the symbol generator 
generates the perturbing symbols using at least one of infor 
mation relating to the terminals to be serviced, channel statue 
information of the terminals and adaptive modulation infor 
mation. 

7. The precoder of claim 1, wherein the pre-compensator 
comprises: 

a symbol codebook for selecting perturbing symbols, 
based on the channel condition of the terminals, from a 
codebook which comprises perturbing symbols based 
on the channel condition for the vector perturbation, 
when the terminals feedback the channel state informa 
tion using a COI scheme; and 

a symbol selector for selecting a perturbing symbol which 
minimizes a magnitude of a transmit power of the sig 
nals to be sent to the terminals from among the perturb 
ing symbols selected at the symbol codebook. 

8. The precoder of claim 7, wherein the symbol codebook 
generates the codebook using at least one of a Grassmannian 
algorithm, a Givens rotation matrix and a Lloyd algorithm. 

9. The precoder of claim 7, wherein the symbol codebook 
selects the perturbing symbols in a predetermined codebook 
using at least one of information relating to the terminals to be 
serviced, channel state information of the terminals and adap 
tive modulation information. 

10. The precoder of claim 1, wherein the interference 
remover comprises: 

a pre-equalizer for canceling the interference in the chan 
nel by multiplying the pre-compensated signals by the 
inverse channels; and 

an interference removing part for canceling the interfer 
ence between the terminals from the pre-equalized sig 
nal. 

11. The precoder of claim 10, wherein the pre-equalizer 
uses at least one of a Zero-Forcing (ZF) scheme and a Mini 
mum Mean Square Error (MMSE) scheme. 

12 
12. The precoder of claim 1, further comprising: 
an antenna mapper for mapping the interference-free sig 

nals to one or more antennas and transmitting the signals 
to the terminals. 

5 13. A precoding method in a multiuser multi-antenna sys 
tem, comprising: 

determining a DownLink (DL) channel condition of termi 
nals in a service coverage area; 

selecting a nonlinear algorithm according to a feedback 
Scheme of channel condition of the terminals; 

pre-compensating for a channel distortion in signals to be 
sent to the terminals by applying the selected nonlinear 
algorithm; 

canceling interference in a channel by multiplying the pre 
compensated signals by inverse channels of the termi 
nals; and 

canceling interference between the terminals, 
wherein the feedback scheme includes at least one of an 

analog feedback Scheme, a channel Sounding scheme 
and a Channel Quality Indicator (CQI) scheme, and 

wherein the selecting of the nonlinear algorithm com 
prises: 
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selecting a first nonlinear algorithm when the terminals 
feedback the channel state information using at least 
one of the analog feedback scheme and the channel 
Sounding scheme; and 

selecting a second nonlinear algorithm when the terminals 
feedback the channel state information using the CQI 
Scheme. 
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14. The precoding method of claim 13, further comprising: 
selecting terminals to be serviced based on channel state 

information of the terminals; and 
adaptively modulating signals to be sent to the terminals 

35 based on the channel condition of the selected terminals, 
wherein the adaptively modulated signal is pre-compen 

sated. 

15. The precoding method of claim 13, wherein the pre 
40 compensating using the nonlinear algorithm comprises: 

generating perturbing symbols according to at least one of 
information relating to the terminals to be serviced, 
channel state information of the terminals and adaptive 
modulation information, to perform a vector perturba 
tion, when the terminals feed back the channel state 
information using at least one of an analog feedback 
Scheme and a channel sounding scheme; and 

45 

selecting a perturbing symbol which minimizes a magni 
tude of a transmit power of the signals to be sent to the 
terminals, among the generated perturbing symbols. 

16. The precoding method of claim 15, wherein the per 
turbing symbols are generated using at least one of a mini 
mum transmit symbol power algorithm and a minimum Peak 
to Average Power Ratio (PAPR) algorithm. 

17. The precoding method of claim 13, wherein the pre 
compensating using the nonlinear algorithm comprises: 

50 
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selecting perturbing symbols in a codebook which com 
prises perturbing symbols based on the channel condi 
tion to perform a vector perturbation, according to at 
least one of information relating to terminals to be ser 
viced, channel State information of the terminals and 
adaptive modulation information, when the terminals 
feed back the channel state information using a COI 
Scheme; and 

60 

65 selecting a perturbing symbol which minimizes a magni 
tude of a transmit power of the signals to be sent to the 
terminals, among the selected perturbing symbols. 
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18. The precoding method of claim 17, wherein codebook 20. The precoding method of claim 13, further comprising: 
is generated using at least one of a Grassmannian algorithm, 
a Givens rotation matrix and a Lloyd algorithm. 

19. The precoding method of claim 13, wherein the channel 
interference is cancelled using at least one of a Zero-Forcing 5 
(ZF) scheme and a Minimum Mean Square Error (MMSE) 
scheme. k . . . . 

mapping the interference-free signals to at least one 
antenna and transmitting the signals to the terminals. 


