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Description

Title of Invention: PRECODING METHOD AND DEVICE

Technical Field

The present invention relates to a precoding method and device.

Background Art

A mobile communication system (hereinafter, a MIMO system) using a multiple
input multiple output (MIMO) scheme transmits data through individual channels that
are formed among multiple antennas at transmitting/receiving terminals to thus acquire
greater data rates than a system using a single antenna.

Assuming that the transmitting terminal or the receiving terminal knows channel in-
formation in the MIMO system, interference signals can be removed through an ap-
propriate detection scheme or a precoding scheme.

The MIMO system is applicable to a cellular system simultaneously supporting
multiple users. Since it is generally impossible for user terminals to communicate co-
operatively, a base station transmits signals through a precoding method so as to
prevent interference between the user terminals.

The method for removing inter-user interference in the multiple-user supporting
MIMO system is originated from the dirty paper coding method. According to the dirty
paper coding method, the inter-user interference can be completely eliminated without
any loss of transmittable data, but since the method is excessively complicated, a
simplified nonlinear method such as the Tomlinson-Harashima precoder (THP) or a
linear method such as block diagonalization is used.

The block diagonalization method shows relatively simple and good performance
against errors, but increases loss of channel capacity when the number of users who are
simultaneously supported is increased. On the contrary, the THP method has the
advantage of less loss of channel capacity even when the number of users is increased,
but the system has considerable complexity and its performance against errors is
worsened when there are relatively lesser number of users in the system.

Among the methods for improving the above-noted drawbacks of the block diago-
nalization method and the THP method, there are the block THP (BTHP) method for
eliminating inter-user interference so as to improve error processing performance of
the THP by using the user’s multiple antennas, and the maximum likelihood (ML)
receiving method designed for the same.

The ML-applied BTHP method generates excellent error processing performance
compared to the existing THP methods, but provides degraded error processing per-

formance compared to the ML-applied block diagonalization method, and each user
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terminal must cover the great complexity of the ML receiving method.
Therefore, a method for reducing the complexity of the ML-applied BTHP in the

user terminal or moving the complexity to the base station which is relatively robust
for it while increasing error processing performance of the ML-applied BTHP is
required.

The vector perturbation (VP) method, similar to the THP method, infinitely increases
an equivalent transmission symbol through a modulo operation, and transmits a symbol
having the least power when the channel’s inverse matrix is multiplied thereto.

The VP method is a kind of nonlinear channel inversion (CI) method and generates
the same effect of moving the ML receiving method to the base station, and the user
terminal can finish detection through the modulo operation without channel in-
formation. However, since the method steeply increases the complexity as the number
of the antennas is increased in a like manner of the ML method, it is difficult to apply
the method to the multi-user MIMO system.

The above information disclosed in this Background section is only for enhancement
of understanding of the background of the invention and therefore it may contain in-
formation that does not form the prior art that is already known in this country to a

person of ordinary skill in the art.
Disclosure of Invention

Technical Problem

The present invention has been made in an effort to provide a precoding method and
device for efficiently eliminating interference in a multi-user multi-antenna system.
Solution to Problem

An exemplary embodiment of the present invention provides a method for a
transmitting terminal in a multi-user multi-antenna environment to perform precoding,
including: receiving feedback information from a plurality of receiving terminals; es-
timating a channel between the transmitting terminal and the plurality of receiving
terminals by using the feedback information; and generating a plurality of transmission
symbols by applying a first nonlinear precoding method and a second nonlinear
precoding method to a plurality of symbols and the estimated channel to be transmitted
to the plurality of receiving terminals.

Another embodiment of the present invention provides a precoding device in a multi-
user multi-antenna environment, including: a feedback receiver for receiving feedback
information from a plurality of receiving terminals in the same service area; a
controller for estimating a channel between the transmitting terminal and the plurality
of receiving terminals by using the feedback information; and an interference

eliminator for generating a plurality of transmission symbols from which interference
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is eliminated by applying a first nonlinear precoding method and a second nonlinear
precoding method to a plurality of symbols and the estimated channel to be transmitted

to the plurality of receiving terminals.
The first nonlinear precoding method is used to eliminate interference between sub-

channels of the same receiving terminal, the second nonlinear precoding method is
used to eliminate interference between the receiving terminals, and the first nonlinear
precoding method and the second nonlinear precoding method are combined to be
applied to the plurality of symbols and the estimated channel.

The first nonlinear precoding method uses the vector perturbation (VP) method, and
the second nonlinear precoding method uses the block Tomlinson-Harashima precoder
(BTHP) method.

Advantageous Effects of Invention

According to an embodiment of the present invention, the multi-user MIMO system
combines the BTHP method and the VP method, and hence the BTHP method rolls the
user’s complexity burden to the base station through the VP method and acquires
better error processing performance, and the VP method applies the VP method to re-
spective subchannels through the BTHP method to cover some degradation of error
processing performance and reduce complexity and thereby control complexity and
error processing performance of the system.

Also, since the transmitting terminal removes interference between all subchannels
through the VP scheme, the user can estimate the transmitted signal without any in-
formation about channel state but the predetermined modulo boundary value, and the
base station can control system complexity and error performance irrespective of the
number of receiving antennas the users have. In detail, the transmission signal can be
demodulated with the modulo operation without the user’s knowing channel in-
formation of the entire system or estimating the valid channel after removing inter-user
interference. Further, the size of the sub-blocks of the BTHP for eliminating inter-user
interference can be determined irrespective of the number of the user’s antennas.
Brief Description of Drawings

Figure 1 shows a MIMO system in a multi-user environment according to an
exemplary embodiment of the present invention.

Figure 2 shows a block diagram of a MIMO system in a multi-user environment
according to an exemplary embodiment of the present invention.

Figure 3 shows a concept of a VP method used for an exemplary embodiment of the
present invention.

Figure 4 shows a detailed block diagram of a base station according to an exemplary

embodiment of the present invention.
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Figure 5 shows a flowchart of processing steps in a transmitting terminal of a MIMO

system according to an exemplary embodiment of the present invention.
Figure 6 shows graph of average BER performance of multiple users according to an

exemplary embodiment of the present invention by comparing the conventional BD
method and the BTHP using the ML method.
Best Mode for Carrying out the Invention

In the following detailed description, only certain exemplary embodiments of the
present invention have been shown and described, simply by way of illustration. Ac-
cordingly, the drawings and description are to be regarded as illustrative in nature and
not restrictive. Like reference numerals designate like elements throughout the speci-
fication.

Figure 1 shows a MIMO system in a multi-user environment according to an
exemplary embodiment of the present invention.

In Figure 1, the MIMO system under the multi-user environment includes a base

station 100 having

N7

transmitting antennas, and K users 200-1, 200-k, to 200-K with

N g

F.4

receiving antennas provided in the service area of the corresponding base station 100.

The base station 100 of the multi-antenna system is assumed to accurately estimate
downlink channel information of users 200-1, 200-k, and 200-K through an uplink
sounding signal or analog feedback received from the users 200-1, 200-k, and 200-K
provided in the service area.

Also, for ease of description, the users 200-1, 200-k, and 200-K who are receiving

terminals are assumed to have the same number

N g

of antennas, and the base station 100 that is the transmitting terminal is assumed to
use the same modulation method.

Figure 2 shows a block diagram of a MIMO system in a multi-user environment
according to an exemplary embodiment of the present invention.

In Figure 2, the base station 100 that is a transmitting terminal includes a modulator
110, an interference eliminator 120, a channel resolver 130, a feedback receiver 140,
and a controller 150.

The modulator 110 modulates encoded data of an information bit stream according to
a predetermined modulation scheme to provide transmission symbols. Also, the

modulator 110 maps the encoded data on the symbols for expressing positions
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according to the amplitude and phase constellations. Any modulation schemes are
usable, and can be the m-quadrature phase shift keying (m-PSK) or the m-quadrature
amplitude modulation (m-QAM). For example, the m-PSK can be BPSK, QPSK, or
8-PSK, and the m-QAM can be 16-QAM, 64-QAM, or 256-QAM.

The interference eliminator 120 eliminates interference existing between the
transmission symbols of the same user and interference between the users by using
estimated channel information. A first nonlinear precoding scheme can be used so as to
eliminate interference existing between the same user's transmission symbols, and a
second nonlinear precoding scheme can be used so as to eliminate interference
between users. The first nonlinear precoding scheme adopts the vector perturbation
(VP) scheme, and the second nonlinear precoding scheme adopts the block Tomlinson-
Harashima precoder (BTHP) scheme. The first nonlinear precoding scheme and the
second nonlinear precoding scheme are not successively applied but are simul-
taneously applied in a combined form. Hereinafter, the combined method of the BTHP
and the VP will be called the BTHP-VP scheme.

In the exemplary embodiment of the present invention, the VP schemes following the
minimum mean squared error (MMSE) scheme and the zero-forcing (ZF) scheme are
usable.

In the interference elimination process, the constellations that are infinitely re-
produced by the modulo operation are shared, and an appropriate code vector is added
by the modulo operation. The above-noted interference elimination process will be
described in detail with equations.

Also, the interference eliminator 120 uses channel information estimated by feedback
information so as to eliminate interference existing between the same user's
transmission symbols and interference between users. That is, the BTHP method and
the VP method need to predict which interference signal will come to the signal to be
transmitted so as to eliminate the interference signal, and the interference signal is
fixed through information on the signal and the channel to be transmitted by the
transmitting terminal. Therefore, assuming that the channel information that is fed
back is accurate, the transmitting terminal estimates in advance the interference to be
undergone by the signal while being transmitted to the receiving terminal, and changes
the form of the transmission signal so as to eliminate the influence of the interference
signal.

The channel resolver 130 multiplies the entire system channel by a predetermined
channel resolution filter F to resolve the entire channel into block triangular forms. To
achieve this, as an example, the channel resolver 130 can acquire a matrix in the block
triangular form (or a staircase form) having sub-blocks with a desired size from the

entire channel matrix by using the block QR (BQR) scheme.
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The feedback receiver 140 receives the uplink sounding signal or analog feedback
signal from the users 200-1, 200-k, and 200-K through the antenna, process it into a
digital signal, and transmits the digital signal to the controller 160. Information
extracted from the signal received by the receiving circuit 170 includes channel quality
information (CQI). The CQI represents information for the receiver to feed the channel
environment, coding scheme, or modulation scheme back to the transmitter 100, and in
detail, it includes at least one of per-channel power information, per-channel signal-
to-noise ratio (SNR) information, and index information for designating a specific
coding rate and/or modulation scheme or modulation size. The signal to interference
and noise ratio (SINR) other than the SNR can be used, and the modulation and coding
scheme (MCS) level index can be used for the index information.

The controller 150 controls the base station 100, and estimates a downlink channel
for the respective users 200-1, 200-k, and 200-K by using feedback information
transmitted by the feedback receiver 140, and transmits estimated channel information
to the interference eliminator 120.

The users 200-1, 200-k, and 200-K of the receiving terminal respectively include a
modulo operator 210 and a demodulator 220.

The modulo operator 210 performs a modulo operation on the signal provided by the
base station to generate a normalized information symbol vector and a noise-added
signal. The users 200-1, 200-k, and 200-K acquire an information symbol by
performing a predetermined modulo operation on the received signal since the
subchannel existing in the diagonal direction of the valid channel matrix in the block
triangular form receives the signal through the inverted matrix through the VP scheme.

The demodulator 220 provides encoded data of the information bit stream by de-
modulating the transmission symbols generated by the modulo operator 210 according
to a predetermined demodulation scheme.

Figure 3 shows a concept of a VP method used for an exemplary embodiment of the
present invention.

In Figure 3, the VP scheme assumes the vector a as data to be transmitted, generates
an infinite equivalent signal vector through the modulo scheme, and transmits the
signal vector with the least transmission power that is generated by multiplying the
infinite equivalent signal vector by the channel's inverse matrix, thereby reducing the
increase of transmission power. Each user can restore the data through a simple
modulo operation, without knowing channel information.

The VP scheme transmits the optimal signal through an ML-based search at the
transmitting terminal to thus outperform channel inversion (CI), but as it is impossible
to consider all the infinite equivalent vectors, it is desirable to realize it through

reduction of calculation by using the sphere encoding method.



WO 2010/067971 PCT/KR2009/006917

[47] Figure 4 shows a detailed block diagram of a base station according to an exemplary
embodiment of the present invention. Here, the method for the interference eliminator
120 to apply the BTHP-VP scheme will be described.

[48] When the entire channel matrix of the system is given as H and the precoding matrix
for performing block triangulation to the entire channel matrix is given as F, the H and

F are expressed as follows.
: : . 7
T T T
H=|H H] .. H|
50
[50] F=[F1 F, - F]

[51] When the data to be transmitted to the users 200-1, 200-k, and 200-K are defined to

be modulated symbol vectors
. . . 7
_ T T T
a—[a.l a, .- aﬁ-]
, the symbol vector

a,

¢

[49]

of the k-th user for the BTHP-VP scheme is defined as Equation 1.
[52] (Equation 1)
[53] -l

,=(HF,) |a,-Y HFa +d,

J=1

[54] Here, the perturbing vector d, is defined as follows.
[55] (Equation 2)
[56]

d, =argmin|(H,F, ) ZH Fa +d,

d

[57] In this instance, when a random vector is selected from among all codeword vectors
that may occur by the modular operation, the vector is called d'y, and the vector for
minimizing the cost function will be defined as d,.

[58] As a result, when the transmission signal vector is

Jr

, the k-th user's received signal vector ry can be expressed as a form of Equation 3
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which has no interference signal. Here,
Ve
is the long term normalization factor.

(Equation 3)

Therefore, when the BTHP-VP scheme according to the exemplary embodiment of
the present invention is used, the users 200-1, 200-k, and 200-K can estimate the
transmitted data through a simple modulo operation without receiving valid channel in-
formation from the base station 100 or knowing another user's channel information in
advance.

The method for applying the BTHP-VP scheme described with reference to equations
will be summarized according to the BTHP method.

First, when a filter for dividing the channel into the block triangular forms through
the block QR (BQR) scheme is provided and the actual channel is applied to the
channel resolver, the valid channel in the block triangular form is configured. Here, the
sub-blocks on the diagonal line are channels for transmitting each user's multiple
signals, and the upper user's transmission signal operates as interference to the lower
user's transmission signal according to the channel elements existing in the lower
diagonal part.

In this state, elimination of the interference signal of the BTHP and control of
transmission power are successively performed according to the users' priorities, and
the VP scheme is simultaneously applied to each of the users. The symbol set having
the same data and the least transmission power is selected through the modulo
operation, and hence the final transmission symbol is determined.

Figure 5 shows a flowchart of a process by a transmitting terminal of a MIMO
system according to an exemplary embodiment of the present invention.

Upon receiving feedback information from the users positioned in the service area of
the base station, (S101), the base station estimates a downlink channel for the re-

spective users by using digitalized feedback information (S102).
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The base station modulates the encoded data of the information bit stream to be
transmitted to the user according to a predetermined modulation scheme to generate
transmission symbols (S103). In this instance, the base station can determine the
modulation method by using the estimated downlink channel information.

The base station eliminates interference between the transmission symbols of the
same user and interference between the users by applying the VP scheme and the
BTHP scheme (S104). The VP scheme and the BTHP scheme are performed in the
combined manner.

The base station multiplies the interference-eliminated entire system channel by a
predetermined channel resolution filter F to resolve the entire channel in the block
triangular form (S105), and transmits the same to the users through antenna mapping
(S106).

Figure 6 shows graph of average BER performance of multiple users according to an
exemplary embodiment of the present invention by comparing the conventional BD
method and the BTHP using the ML method. Here, assumed is a multi-user MIMO
system having 6 transmitting antennas, 3 users, and 2 antennas per user.

In Figure 6, the horizontal axis represents the signal to noise ratio, and the vertical
axis represents the system's average BER.

As shown in Figure 6, the BTHP-VP scheme provides excellent performance on the
SNR compared to the BTHP scheme to which the conventional ML scheme is applied.
The conventional BD method outperforms the BTHP-VP method according to the em-
bodiment of the present invention regarding the low SNR. However, as is generally
known, the BD method generates a larger loss of channel capacity than the BTHP
method.

Further, for ease of description, the exemplary embodiment of the present invention
has described the case in which the number of antennas per user corresponds to the
transmission data, and other modifications are allowable with the range of the present
invention. In addition, the VP method using the zero forcing type of channel resolution
scheme and the general inversion has been used, and it is possible to use the minimum
mean squared error type of channel resolution scheme or the regularized VP method.

The above-described embodiments can be realized through a program for realizing
functions corresponding to the configuration of the embodiments or a recording
medium for recording the program in addition to through the above-described device
and/or method, which is easily realized by a person skilled in the art.

While this invention has been described in connection with what is presently
considered to be practical exemplary embodiments, 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
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Claims

A method for a transmitting terminal in a multi-user multi-antenna en-
vironment to perform precoding, comprising:

receiving feedback information from a plurality of receiving terminals;
estimating a channel between a transmitting terminal and the plurality
of receiving terminals by using the feedback information; and
generating a plurality of transmission symbols by applying a first
nonlinear precoding method and a second nonlinear precoding method
to a plurality of symbols and the estimated channel to be transmitted to
the plurality of receiving terminals.

The method of claim 1, wherein

the first nonlinear precoding method is used to eliminate interference
between subchannels of the same receiving terminal, and

the second nonlinear precoding method is used to eliminate interference
between the receiving terminals.

The method of claim 1, wherein

the first nonlinear precoding method and the second nonlinear
precoding method are combined to be applied to the plurality of
symbols and the estimated channel.

The method of claim 3, wherein

the first nonlinear precoding method uses the vector perturbation (VP)
method.

The method of claim 3, wherein

the second nonlinear precoding method uses the block Tomlinson-
Harashima precoder (BTHP) method.

The method of claim 1, further including,

before the generating of a plurality of transmission symbols, resolving
the estimated channel into a block triangular form.

A precoding device in a multi-user multi-antenna environment,
comprising:

a feedback receiver for receiving feedback information from a plurality
of receiving terminals in the same service area;

a controller for estimating a channel between the transmitting terminal
and the plurality of receiving terminals by using the feedback in-
formation; and

an interference eliminator for generating a plurality of transmission

symbols from which interference is eliminated by applying a first
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nonlinear precoding method and a second nonlinear precoding method
to a plurality of symbols and the estimated channel to be transmitted to
the plurality of receiving terminals.

The precoding device of claim 7, wherein

the first nonlinear precoding method is used to eliminate interference
between subchannels of the same receiving terminal, and

the second nonlinear precoding method is used to eliminate interference
between the receiving terminals.

The precoding device of claim 8, wherein

the first nonlinear precoding method uses the vector perturbation (VP)
method.

The precoding device of claim 8, wherein

the second nonlinear precoding method uses the block Tomlinson-
Harashima precoder (BTHP) method.
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[Fig. 5]
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[Fig. 6]
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