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Description
APPARATUS AND METHOD FOR TRANSMITTING PILOT

SIGNAL IN WIRELESS COMMUNICATION SYSTEM
Technical Field

[1] The present invention relates to an apparatus and method for transmitting a pilot
signal in a wireless communication system. More particularly, the present invention
relates to an apparatus and method for reducing a pilot overhead in a multi-user multi-

antenna system.

Background Art

[2] Various multimedia services for a wireless environment are now being used or
developed due to the rapid growth of mobile communication markets. In the wireless
environment, a large amount of data is transmitted at a high rate in order to provide
various multimedia services. Thus, research is being conducted on a multi-antenna
system (e.g., a Multiple Input Multiple Output (MIMO) system) that can use finite
frequency resources more efficiently.

[3] In comparison with a single-antenna system, the multi-antenna system can increase
the transmission reliability and the transmission rate even without an allocation of ad-
ditional frequencies or transmit (TX) power by transmitting data through independent
channels for the respective antennas. In addition, the multi-antenna system can further
increase the frequency efficiency by allowing multiple users to simultaneously share
the frequency resources through the spatial resources secured by multiple antennas.
Hereinafter, the multi-antenna system allowing multiple users to share frequency
resources will be referred to as a multi-user multi-antenna system.

[4] The multi-user multi-antenna system uses a beamforming technique to eliminate
inter-user interference. For example, the multi-antenna system may use a coordinated
beamforming technique to eliminate an inter-user interference.

[5] If the multi-antenna system uses a coordinated beamforming technique, a transmitter
generates a pre-code and a postcode by using the downlink channel information of
receivers enabled in a service area. Herein, the pre-code and the postcode have a vector
value or a matrix value.

[6] Also, the transmitter transmits an orthogonal dedicated pilot signal to each of the
receivers so that the receivers can detect the postcode. For example, in order to
transmit the pilot signal to two receivers, the transmitter allocates a pilot tone to each
of the receivers by using a subchannel of a tile structure constructed as illustrated in
FIG. 1.

[7] FIG. 1 is a diagram illustrating a subchannel structure of a conventional wireless
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communication system.
Referring to FIG. 1, a wireless communication system constructs a subchannel with

tiles arranged in a 4x3 matrix of frequency resources and time resources.

A transmitter allocates the first tone and the twelfth tone for a pilot signal of the first
receiver and allocates the third tone and the tenth tone for a pilot signal of the second
receiver so that the pilot signals of the receivers are orthogonal to each other.

In addition, the transmitter uses the tones other than the tones allocated for the pilot
signals, for data transmission.

As described above, the transmitter allocates the orthogonal pilot signals to the re-
spective receivers. Accordingly, the receiver estimates an effective channel on a
stream-by-stream basis by using the pilot signal allocated by the transmitter. The
receiver uses the estimated effective channel to generate a matched filter, and uses the
generated matched filter as a postcode to detect an interference-free signal. Herein, the
matched filter is the postcode that provides the maximum Signal to Interference and
Noise Ratio (SINR).

Because the number of the antennas of a receiver is small in the coordinated
beamforming technique, the multi-antenna system using the coordinated beamforming
technique can simultaneously transmit as many streams as the number of the antennas
of a transmitter. Thus, the transmitter recognizes receivers as receive (RX) antennas
and simultaneously transmits streams to the receivers, thereby increasing the
transmission rate.

However, as the number of the TX streams increases with an increase in the number
of the receivers served by the transmitter, the use of resources for dedicated pilot
signals allocated to the receivers increases linearly, which increases the ratio of the
amount of radio resources used for pilot signal transmission to the amount of radio

resources used for data transmission in the multi-antenna system.
Disclosure of Invention

Technical Solution

An aspect of the present invention is to address at least the above-mentioned
problems and/or disadvantages and to provide at least the advantages described below.
Accordingly, an aspect of the present invention is to provide an apparatus and a
method for reducing pilot overhead in a multi-antenna system.

Another aspect of the present invention is to provide an apparatus and method for
reducing a pilot overhead in a multi-antenna system using a coordinated beamforming
technique.

Another aspect of the present invention is to provide an apparatus and method for a

transmitter to allocate a pilot signal for a selected reference pre-code vector and a pilot
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signal including pre-codes of multiple users, in a multi-antenna system using a co-
ordinated beamforming technique.

Another aspect of the present invention is to provide an apparatus and method for a
receiver to detect a signal by means of a reference pilot signal and a pilot signal
including pre-codes of multiple users, in a multi-antenna system using a coordinated
beamforming technique.

In accordance with an aspect of the present invention, a method for transmitting
signals at a transmitter of a multi-antenna system is provided. The method includes
generating postcodes and pre-codes for streams used to transmit signals to at least two
receivers, allocating a pilot signal to at least one of the streams, allocating an additional
pilot signal shared by at least one of the streams, and precoding the pilot signal
allocated to at least one of the streams, the additional pilot signal, and data to be
transmitted to each of the receivers, based on the pre-code for each of the streams,
prior to transmission.

In accordance with another aspect of the present invention, a method for detecting a
signal at a receiver of a multi-antenna system is provided. The method includes es-
timating a channel based on first pilot signals received through at least two streams and
a second pilot signal shared by the streams, generating a vector orthogonal to the
channel estimated based on the first pilot signal, if the first pilot signal is not the pilot
signal allocated to the stream of the receiver, generating a postcode based on the or-
thogonal vector, estimating a channel gain based on the postcode and the channel
estimated based on the second pilot signal, and detecting a signal based on the
postcode and the channel gain.

In accordance with another aspect of the present invention, a transmitting apparatus
of a multi-antenna system is provided. The apparatus includes at least two antennas, a
channel detector for detecting downlink channel information of at least two receivers
located in a service area, a weight generator for generating, based on the downlink
channel information, postcodes and pre-codes for streams used to transmit signals to
the receivers, a pilot controller for allocating a pilot signal to at least one of the streams
and for allocating an additional pilot signal shared by at least one of the streams, and a
pre-coder for precoding the pilot signal allocated to at least one of the streams, the ad-
ditional pilot signal, and data to be transmitted to each of the receivers, based on the
pre-code for each of the streams.

In accordance with another aspect of the present invention, a receiving apparatus of a
multi-antenna system is provided. The apparatus includes a channel estimator for es-
timating a channel based on first pilot signals and a second pilot signal received
through at least two streams, a postcode generator for generating a postcode based on a

vector orthogonal to a channel estimated based on the first pilot signal, if the first pilot
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signal is not the pilot signal allocated to the stream of the receiving apparatus, and for
generating a postcode based on a channel estimated based on the first pilot signal, if
the first pilot signal is the pilot signal allocated to the stream of the receiving
apparatus, a channel gain estimator for estimating a channel gain based on the pre-code
and the channel estimated based on the first pilot signal or the second pilot signal, a
postcoder for postcoding a received signal based on the generated postcode, and an

equalizer for equalizing the postcoded signal based on the estimated channel gain.
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 con-
junction with the annexed drawings, discloses exemplary embodiments of the
invention.

Brief Description of Drawings

The above and other aspects, features and advantages of certain exemplary em-
bodiments of the present invention will be more apparent from the following de-
scription taken in conjunction with the accompanying drawings, in which:

FIG. 1 is a diagram illustrating a subchannel structure of a conventional wireless
communication system;

FIGs. 2A and 2B are diagrams illustrating an effective channel of a wireless commu-
nication system according to an exemplary embodiment of the present invention;

FIG. 3 is a block diagram of a transmitter in a wireless communication system
according to an exemplary embodiment of the present invention;

FIG. 4 is a block diagram of a receiver in a wireless communication system
according to an exemplary embodiment of the present invention;

FIG. 5 is a flowchart illustrating a process for a transmitter to transmit a signal in a
wireless communication system according to an exemplary embodiment of the present
invention; and

FIG. 6 is a flowchart illustrating a process for a receiver to estimate an effective
channel in a wireless communication system according to an exemplary embodiment
of the present invention.

Throughout the drawings, it should be noted that like reference numbers are used to
depict the same or similar elements, features and structures.

Best Mode for Carrying out the Invention

The following description with reference to the accompanying drawings is provided
to assist in a comprehensive understanding of exemplary embodiments of the 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. Ac-

cordingly, those of ordinary skill in the art will recognize that various changes and
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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.

The terms and words used in the following description and claims are not limited to
the bibliographical meanings, but, are merely used by the inventor to enable a clear and
consistent understanding of the invention. Accordingly, it should be apparent to those
skilled in the art that the following description of exemplary embodiments of the
present invention are provided for illustration purpose only and not for the purpose of
limiting the invention as defined by the appended claims and their equivalents.

It is to be understood that the singular forms “a,” “an,” and “the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to
“a component surface” includes reference to one or more of such surfaces.

By the term “‘substantially” it is meant that the recited characteristic, parameter, or
value need not be achieved exactly, but that deviations or variations, including for
example, tolerances, measurement error, measurement accuracy limitations and other
factors known to skill in the art, may occur in amounts that do not preclude the effect
the characteristic was intended to provide.

Exemplary embodiments of the present invention provide a scheme for reducing pilot
overhead in a multi-user multi-antenna system.

In the multi-antenna system, a transmitter allocates a pilot signal including a
reference pre-code vector and a pilot signal including pre-codes of multiple users.
Herein, the transmitter determines a pilot signal of a number of streams that is one less
than the number of antennas of a receiver as the pilot signal including the reference
pre-code vector, and allocates an additional pilot signal as the pilot signal including the
pre-codes of the multiple users.

The following description is made on the assumption that receivers have two
antennas. Thus, the transmitter allocates a pilot signal including a reference pre-code
vector and a pilot signal including pre-codes of multiple users. Even if the receivers
have three or more antennas, the transmitter may allocate pilot signals in substantially
the same way as described above.

The following description is made on the assumption that the channel of the multi-
antenna system changes slowly and has flat fading characteristics.

It is also assumed that the multi-antenna system uses a coordinated beamforming
technique to eliminate an inter-receiver interference. Herein, the transmitter may
transmit several streams to each receiver. However, the following description is made
on the assumption that the transmitter transmits one stream to each receiver in con-
sideration of the multi-user diversity and the correlation between the antennas of the

receiver.
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[40] In the case of using the coordinated beamforming technique, the transmitter
generates a pre-code and a postcode by using the downlink channel information of the
receivers enabled in the service area. Herein, the transmitter generates the pre-code and
the postcode so that the effective channels estimated by the receivers are orthogonal to
each other as illustrated in FIG. 2.

[41] FIGs. 2A and 2B are diagrams illustrating an effective channel of a wireless commu-
nication system according to an exemplary embodiment of the present invention.

[42] Referring to FIGs. 2A and 2B, in the case of using the coordinated beamforming
technique, the transmitter does not use a unitary matrix when generating the pre-code.
Thus, a pre-code M1 of the first receiver and a pre-code M2 of the second receiver,
which are generated by the transmitter, are not orthogonal to each other, as illustrated
in FIG. 2A. The transmitter generates the pre-codes of the receivers so that the
effective channels estimated by the receivers based on the signal precoded/transmitted
by the transmitter are orthogonal to each other.

[43] Thus, the effective channels estimated by the receivers based on the pilot signal
precoded/transmitted by the transmitter are orthogonal to each other, as illustrated in
FIG. 2B.

[44] As described above, in the case of using the coordinated beamforming technique, the
effective channels of the signals precoded/transmitted by the transmitter are orthogonal
to each other in the receiver. Thus, based on the orthogonality between the effective
channels, the receiver may estimate its own effective channel by using the effective
channel of another receiver.

[45] Accordingly, the transmitter allocates a pre-code vector of a reference stream to a
reference pilot signal prior to transmission. That is, the transmitter allocates a pilot
signal to only a reference stream and precodes/transmits the stream, thus making it
possible to reduce pilot overhead. Upon receiving a signal through the reference
stream, the receiver generates a postcode vector based on the effective channel
estimated using the pilot signal of the reference stream.

[46] On the other hand, upon receiving signals through streams other than the reference
stream, the receivers estimate their own effective channels based on the effective
channel estimated using the pilot signal of the reference stream. Thereafter, the
receivers generate postcode vectors based on the estimated effective channels.

[47] Thereafter, the receivers use the generated postcode vectors to postcode the RX
signals in order to eliminate the interference with signals intended for other receivers.

[48] In this case, the receivers can eliminate the interference with signals intended for
other receivers but cannot compensate for the channel distortions of their own signals.
The receivers estimate the channel gains of the postcoded signals in order to

compensate for the channel distortions of the RX signals.
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Accordingly, the transmitter allocates an additional pilot signal so that the receivers
can estimate the channel gains of the postcoded signals. For example, the transmitter
may allocate an additional pilot signal that includes pre-code vectors of all the users
served by the receivers. As another example, the transmitter may allocate an additional
pilot signal that includes pre-code vectors of users other than the users allocated the
reference pilot signal, among all the users served by the receivers. Herein, because one
stream is transmitted to each user, the pre-code vectors of the multiple users
correspond to the pre-code vectors of the respective streams.

Hereinafter, a description is given of a structure of a transmitter for transmitting a
reference pilot signal and an additional pilot signal.

FIG. 3 is a block diagram of a transmitter in a wireless communication system
according to an exemplary embodiment of the present invention.

Referring to FIG. 3, the transmitter includes encoders 301-1 to 301-N, modulators
303-1 to 303-N, a pre-coder 305, Radio Frequency (RF) processors 307-1 to 307-Nr, a
channel detector 309, a weight generator 311, a pilot selector 313, and a pilot
controller 315.

Each of the encoders 301-1 to 301-N encodes TX data, which is to be transmitted to
each receiver, according to a Modulation and Coding Scheme (MCS) level suitable for
the channel state of each receiver, and outputs the encoded signal to each of the
modulators 303-1 to 303-N.

Each of the modulators 303-1 to 303-N receives the encoded signal from each of the
encoders 301-1 to 301-N, modulates the encoded signal according to the MCS level
suitable for the channel state of each receiver, and outputs the modulated signal to the
pre-coder 305.

The pre-coder 305 receives a pre-code from the weight generator 311 and the
modulated signals from the modulators 303-1 to 303-N, precodes the modulates signal
by the pre-code, and outputs the precoded signals to the RF processors 307-1 to 307-Nr
connected respectively to antennas.

The channel detector 309 detects the channel state of a downlink for transmitting data
to the receivers located in a service area. For example, the channel detector 309
estimates the channel state of streams based on a sounding signal transmitted by the
receivers. As another example, the channel detector 309 may detect the channel state
information included in the feedback signal provided from the receivers.

Based on the channel information provided from the channel detector 309, the weight
generator 311 generates a pre-code for transmitting data through each stream and a
postcode of the receivers that have received data through the respective streams.
Herein, the weight generator 311 generates the pre-code and the postcode for each

receiver so that the effective channels estimated by the receivers based on the precoded
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signals are orthogonal to each other.

The pilot selector 313 selects a reference stream for allocation of a pre-code vector to
a reference pilot signal, among the streams for transmission of data to the receivers
located in the service area. That is, the pilot selector 313 selects a reference stream to
be allocated a reference pilot signal that is used by the receivers to estimate the
effective channels. Herein, the reference pilot signal allocated to the reference stream
is precoded by the pre-code vector of the reference stream prior to transmission, which
corresponds to the allocation of the pre-code vector of the reference stream to the
reference pilot signal.

For example, the pilot selector 313 selects a stream predefined in a fixed manner to
allocate the reference pilot signal.

As another example, when transmitting the pilot signal through each stream, the pilot
selector 313 selects the stream that transmits the pilot signal highest in terms of the
sum rate of transmission for all the streams. If there are two streams, the pilot selector
313 estimates the sum rate of transmission for all the streams on the assumption that
the pilot signal is transmitted through the first stream. In addition, the pilot selector 313
estimates the sum rate of transmission for all the streams on the assumption that the
pilot signal is transmitted through the second stream. Thereafter, the pilot selector 313
compares the estimated sum rates to select the stream, which transmitted the pilot
signal highest in terms of the sum rate, as the reference stream to be allocated the
reference pilot signal. Herein, the pilot selector 313 estimates the sum rate by using the
channel information of each stream and the noise levels of the receivers.

As another example, the pilot selector 313 selects the stream that transmitted the pilot
signal highest in terms of the lowest signal level among the signal levels of the pilot
signal received by the receivers through the respective streams. If there are two
streams, the pilot selector 313 estimates the signal levels of the pilot signal received by
the first and the second receivers through the first stream. In addition, the pilot selector
313 estimates the signal levels of the pilot signal received by the first and the second
receivers through the second stream. Thereafter, the pilot selector 313 compares the
lower one of the signal levels estimated by the pilot signal received through the first
stream with the lower one of the signal levels estimated by the pilot signal received
through the second stream. Then, the pilot selector 313 selects the stream, which
transmitted the pilot signal highest in terms of the lowest signal level among the lower
signal levels, as the reference stream to be allocated the reference pilot signal.

As another example, the pilot selector 313 selects the stream that transmitted the pilot
signal highest in terms of the product of the signal levels of the pilot signal received by
the receivers through the respective streams. If there are two streams, the pilot selector

313 estimates the signal levels of the pilot signal received by the first and the second
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receivers through the first stream. In addition, the pilot selector 313 estimates the
signal levels of the pilot signal received by the first and the second receivers through
the second stream. Thereafter, the pilot selector 313 compares the product of the signal
levels of the pilot signal received by the receivers through the first stream with the
product of the signal levels of the pilot signal received by the receivers through the
second stream. Then, the pilot selector 313 selects the stream, which transmitted the
pilot signal highest in terms of the product of the received signal levels, as the
reference stream to be allocated the reference pilot signal.

As another example, when transmitting the pilot signal through each stream, the pilot
selector 313 selects the stream that transmitted the pilot signal highest in terms of the
level of the signals received by the receivers.

The pilot controller 315 controls the pre-coder 305 to allocate the pre-code vector of
the stream selected by the pilot selector 313 to the reference pilot signal and to allocate
the pre-code vectors of the multiple users to the additional pilot signal. That is, the
pilot controller 315 controls the pre-coder 305 to allocate the reference pilot signal to
only the stream selected by the pilot selector 313 and to precode the corresponding
signal by the pre-code of the selected stream. In addition, the pilot controller 315
controls the pre-coder 305 to allocate the additional pilot signal to the streams of the
multiple users served by the receivers and to precode the corresponding signal by the
pre-code of each stream.

Each of the RF processors 307-1 to 307-Nr receives a digital signal from the pre-
coder 305 and converts the digital signal into an analog signal. Thereafter, each of the
RF processors 307-1 to 307-Nr converts the analog signal into an RF signal and
transmits the RF signal through the corresponding antenna.

Hereinafter, a description is given of a structure of a receiver for detecting a signal
based on a reference pilot signal and an additional pilot signal received from a
transmitter.

FIG. 4 is a block diagram of the receiver in the wireless communication system
according to an exemplary embodiment of the present invention.

Referring to FIG. 4, the receiver includes RF processors 401-1 to 401-Ng, a
postcoder 403, an equalizer 405, a demodulator 407, a decoder 409, a channel
estimator 411, a postcode generator 413, and a channel gain estimator 415.

Each of the RF processors 401-1 to 401-Ng receives an RF signal through each
antenna and converts the RF signal into a baseband signal. Thereafter, each of the RF
processors 401-1 to 401-Ng converts the baseband signal into a digital signal and
outputs the digital signal.

The channel estimator 411 receives signals from the RF processors 401-1 to 401-Ny

and estimates a channel with respect to the transmitter based on a pilot signal included
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in the received signals. Herein, the channel estimator 411 estimates an effective
channel based on the reference pilot signal and provides the estimated effective
channel to the postcode generator 413. In addition, the channel estimator 411 estimates
an effective channel based on the additional pilot signal and provides the estimated
effective channel to the channel gain estimator 415. As another example, if the pre-
code of the reference stream is not included in the additional pilot signal, the channel
estimator 411 may provide an effective channel estimated by the reference pilot signal
and the additional pilot signal to the channel gain estimator 415.

The postcode generator 413 receives the estimated effective channel from the
channel estimator 411, and generates a postcode based on the received effective
channel. For example, if the channel estimator 411 estimates the channel based on the
reference pilot signal allocated to its own stream, the postcode generator 413
recognizes the matched filter as the postcode that provides the maximum Signal to In-
terference and Noise Ratio (SINR).

On the other hand, if the channel estimator 411 estimates a channel based on the
reference pilot signal allocated to another stream that is not its own stream, the
postcode generator 413 receives the estimated effective channel from the channel
estimator 411 and generates a vector orthogonal to the received effective channel. For
example, when receiving a channel of [a 3]* from the channel estimator 411, the
postcode generator 413 generates a vector of [-f” a]T orthogonal to the channel.

Thereafter, the postcode generator 413 generates a matched filter based on the or-
thogonal vector. Herein, the postcode generator 413 recognizes the matched filter as
the postcode that provides the maximum SINR.

The channel gain estimator 415 estimates an effective channel gain based on the
effective channel received from the channel estimator 411 and the postcode vector
received from the postcode generator 413. For example, if the channel estimator 411
estimates a channel based on the reference pilot signal allocated to its own stream, the
channel gain estimator 415 estimates an effective channel gain as shown in Equation
(1) below. Herein, Equation (1) assumes that the stream transmitting a signal to the
first receiver is selected as the reference stream.

MathFigure 1
[Math.1]

~ H
G, =W, Vipr = ”H/m/”

where a,; denotes the effective channel gain estimated by the first receiver,

~

w,
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denotes the postcode vector of the first receiver, and y; ; denotes the effective channel
estimated by the first receiver based on the reference pilot signal.

The channel gain estimator 415 determines the effective channel gain based on the
postcode vector and the effective channel estimated through the reference pilot signal,
as shown in Equation (1). Herein, if the pre-code of the reference pilot signal is
included in the additional pilot signal, even if the channel estimator 411 estimates a
channel based on the reference pilot signal allocated to its own stream, the channel
gain estimator 415 may determine an effective channel gain as shown in Equation (2)
below.

On the other hand, if the channel estimator 411 estimates a channel based on the
reference pilot signal allocated to another stream that is not its own stream, the channel
gain estimator 415 determines an effective channel gain as shown in Equation (2).
Herein, Equation (2) assumes that the stream transmitting a signal to the first receiver
is selected as the reference stream.

MathFigure 2
[Math.2]

&, = wzﬂyz,m = (wzHei’% XHZ {mz Th;+m, }+ 1, )
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where o, denotes the effective channel gain estimated by the second receiver, y,m
denotes the effective channel estimated by the second receiver based on the additional
pilot signal, m; denotes the pre-code vector of the i® receiver (where 1 includes 2, 3 and
4 and may include 1, 2, 3 and 4), ei*>denotes a phase error, and
W,

denotes the postcode vector generated by the second receiver based on the vector or-
thogonal to the effective channel estimated based on the reference pilot signal allocated
to the reference stream of the first receiver.

Thus,

W’Z

may include a phase error as shown in Equation (3) below.

The additional pilot signal includes not only the effective channel of the corre-
sponding receiver but also the effective channels of other receivers, as shown in
Equation (2). However, the postcode received from the postcode generator 413 is used
to eliminate the effective channels of other receivers, thereby estimating only the

channel gain of the corresponding receiver.
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[83] MathFigure 3
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where
W}Z

denotes the postcode vector generated by the second receiver based on the vector or-
thogonal to the effective channel estimated based on the reference pilot signal allocated
to the reference stream of the first receiver, w, enotes the postcode vector of the second
receiver, and ei*> denotes a phase error.

Since the postcode vector includes a phase error as shown in Equation (3), the
channel gain generated based on the postcode vector also includes a phase error.
Herein, the phase error is offset when the postcoder 403 and the equalizer 405 detect a
signal based on the postcode and the channel gain.

The postcoder 403 receives the postcode from the postcode generator 413 and uses
the received postcode to postcode the RX signals received from the RF processors
401-1 to 401-Ng, thereby reducing the interference with signals intended for other
receivers.

The equalizer 405 receives the channel gain from the channel gain estimator 415 and
uses the received channel gain to equalize the signal received from the postcoder 403,
thereby compensating for the channel distortion of the corresponding receiver.

The demodulator 407 receives the signal from the equalizer 405 and demodulates the
received signal according to the corresponding modulation level. Herein, the
modulation level includes an MCS level.

The decoder 409 receives the signal from the demodulator 407 and decodes the
received signal according to the corresponding modulation level to detect the original
data.

Hereinafter, a description is given of an operation for the transmitter to transmit the
reference pilot signal and the additional pilot signal.

FIG. 5 is a flowchart illustrating a process for a transmitter to transmit a signal in a
wireless communication system according to an exemplary embodiment of the present
invention.

Referring to FIG. 5, in step 501, the transmitter detects downlink channel in-
formation of the receivers enabled in the service area. For example, the transmitter
may estimate each downlink channel based on a sounding signal transmitted by the

receivers. As another example, the transmitter may detect each downlink channel from
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[100]

channel state information fed back from the receivers.

Thereafter, in step 503, the transmitter generates a pre-code and a postcode for each
stream based on the channel information. Herein, the transmitter generates the pre-
code and the postcode so that the effective channels estimated by the receivers based
on the precoded signal are orthogonal to each other.

Thereafter, in step 505, the transmitter selects a reference stream for allocation of a
pre-code vector to a reference pilot signal. For example, the transmitter selects a stream
predefined in a fixed manner to allocate the reference pilot signal. As another example,
when transmitting the pilot signal through each stream, the transmitter selects the
stream that transmits the pilot signal highest in terms of the sum rate of transmission
for all the streams. As another example, the transmitter selects the stream that
transmitted the pilot signal highest in terms of the lowest signal level among the signal
levels of the pilot signal received by the receivers through the respective streams. As
another example, the transmitter selects the stream that transmitted the pilot signal
highest in terms of the product of the signal levels of the pilot signal received by the
receivers through the respective streams. As another example, when transmitting the
pilot signal through each stream, the transmitter selects the stream that transmitted the
pilot signal highest in terms of the level of the signals received by the receivers.

Thereafter, in step 507, the transmitter allocates the pre-code vector of the selected
stream to the reference pilot signal. Herein, the reference pilot signal allocated to the
selected stream is precoded by the pre-code vector of the reference stream prior to
transmission, which corresponds to the allocation of the pre-code vector of the
reference stream to the reference pilot signal.

Thereafter, in step 509, the transmitter allocates the pre-code vectors of multiple
users served to an additional pilot signal. For example, the transmitter allocates the
pre-code vectors of all the users served by the receivers to the additional pilot signal.
As another example, the transmitter allocates the pre-code vectors of other users than
the users allocated the reference pilot signal, among all the users served by the
receivers, to the additional pilot signal.

Thereafter, in step 511, the transmitter precodes the reference pilot signal, the ad-
ditional pilot signal and the data based on the pre-codes generated in step 503, and
transmits the results to the receivers. That is, the transmitter performs a beamforming
operation on the receivers based on the pre-codes generated in step 503.

Thereafter, the transmitter ends the process.

Hereinafter, a description is given of an operation for a receiver to detect a signal
based on a reference pilot signal and an additional pilot signal received from a
transmitter.

FIG. 6 is a flowchart illustrating a process for a receiver to estimate an effective
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channel in a wireless communication system according to an exemplary embodiment
of the present invention.

Referring to FIG. 6, in step 601, the receiver determines if a signal is received from
the transmitter.

If so, the receiver proceeds to step 603. In step 603, the receiver estimates a channel
based on the pilot signals included in the received signal. Herein, the receiver estimates
an effective channel based on the reference pilot signal including the pre-code vector
of the reference stream, and estimates an effective channel based on the additional pilot
signal including the pre-code vectors of the multiple users.

Thereafter, in step 6035, the receiver determines if its own data is received from the
transmitter through the stream allocated the reference pilot signal.

If the receiver determines that its own data is received from the transmitter through
the stream allocated the reference pilot signal, the receiver proceeds to step 607. In step
607, the receiver generates a matched filter based on the effective channel estimated in
step 603 based on the reference pilot signal. Herein, the receiver recognizes the
matched filter as the postcode that provides the maximum SINR.

Thereafter, in step 609, the receiver estimates a channel gain based on the matched
filter and the effective channel estimated in step 603. For example, if the pre-code of
the stream allocated the reference pilot signal is not included in the additional pilot
signal, the receiver estimates a channel gain as shown in Equation (1) based on the
matched filter and the effective channel estimated based on the reference pilot signal.
As another example, if the pre-code of the stream allocated the reference pilot signal is
included in the additional pilot signal, the receiver may estimate a channel gain based
on the matched filter and the effective channel estimated based on the additional pilot
signal.

Thereafter, in step 611, the receiver detects RX data by applying the matched filter
and the channel gain to the received signal. For example, the receiver uses the matched
filter to postcode the received signal, thereby reducing the interference with signals
intended for other receivers. Thereafter, based on the channel gain, the receiver
equalizes the postcoded signal to compensate for the channel distortion of its own
signal, thereby detecting the RX data.

On the other hand, if its own data is not received through the stream allocated the
reference pilot signal (in step 605), the receiver proceeds to step 613. In step 613, the
receiver generates a vector orthogonal to the effective channel estimated in step 603
based on the reference pilot signal. For example, if the channel estimated based on the
reference pilot signal is [a [3]7, the receiver generates a vector of [-[3* «]" orthogonal to
the estimated channel.

Thereafter, in step 615, the receiver generates a matched filter based on the vector or-
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thogonal to the effective channel. Herein, the receiver recognizes the matched filter as
the postcode that provides the maximum SINR.

Thereafter, in step 617, the receiver estimates a channel gain based on the matched
filter and the effective channel estimated in step 603 based on the additional pilot
signal. Herein, the additional pilot signal includes not only the effective channel of the
corresponding receiver but also the effective channels of other receivers. Thus, the
receiver uses the matched filter to eliminate the effective channels of other receivers,
thereby estimating only its own channel gain.

Thereafter, in step 611, the receiver detects RX data by applying the matched filter
and the channel gain to the received signal. For example, the receiver uses the matched
filter to postcode the received signal, thereby reducing the interference with signals
intended for other receivers. Thereafter, based on the channel gain, the receiver
equalizes the postcoded signal to compensate for the channel distortion of its own
signal, thereby detecting the RX data.

Thereafter, the receiver ends the process.

In the above exemplary embodiments, the transmitter may reduce pilot overhead by
allocating an additional pilot signal including the pre-code vectors of multiple users
and the reference pilot signal of a number of streams that is one less than the number
of the antennas of the receiver.

In another exemplary embodiment, the transmitter may reduce the pilot overhead by
using only the common pilot signal.

According to exempalry embodiments of the present invention described above, the
transmitter of the multi-antenna system transmits signals by allocating the pilot signal
including the pre-codes of the multiple users and the pilot signal for the reference pre-
code vector, thereby making it possible to reduce pilot overhead and increase the
spectral efficiency.

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.
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Claims

A method for transmitting signals at a transmitter of a multi-antenna system, the
method comprising:

generating postcodes and pre-codes for each of streams used to transmit signals
to at least two receivers;

allocating a pilot signal to at least one of the streams;

allocating an additional pilot signal shared by at least one of the streams; and
precoding the pilot signal allocated to at least one of the streams, the additional
pilot signal, and data to be transmitted to each of the receivers, based on the pre-
code for each of the streams, prior to transmission.

The method of claim 1, wherein the generating of the pre-code and the postcode
comprises:

detecting downlink channel information; and

generating the pre-code and the postcode for each of the streams based on the
downlink channel information such that the effective channels estimated by the
receivers based on the precoded signal are orthogonal to each other.

The method of claim 1, wherein the allocating of the pilot signal comprises:
selecting at least one stream to be allocated the pilot signal based on downlink
channel information; and

allocating the pilot signal to the selected stream.

The method of claim 3, wherein the selecting of the at least one stream
comprises:

selecting the streams to be allocated the pilot signal, by using one of a scheme of
selecting the stream in a fixed manner, a scheme of selecting the stream highest
in terms of the sum transmission rate of all the streams, a scheme of selecting the
stream that transmitted the pilot signal having the highest signal level among the
signal levels estimated by the receivers with respect to each pilot signal
transmitted through the stream, a scheme of selecting the stream that transmitted
the pilot signal highest in terms of the product of the signal levels estimated by
the receivers with respect to each pilot signal transmitted through the stream, and
a scheme of selecting the stream such that the level of the signal to be received
by the receivers is highest when transmitting the pilot signal through the stream.
The method of claim 1, wherein the allocating of the pilot signal comprises:
allocating the pilot signal to the number of streams that is one less than the
number of antennas of the receiver.

The method of claim 1, wherein the allocating of the additional pilot signal

comprises:
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[11]

[12]

[13]

allocating the additional pilot signal shared by other streams than the stream
allocated the pilot signal, among at least two streams used to transmit signals to
at least two receivers.

The method of claim 1, wherein the allocating of the additional pilot signal
comprises:

allocating the additional pilot signal shared by all the streams used to transmit
signals to at least two receivers.

A method for detecting a signal at a receiver of a multi-antenna system, the
method comprising:

estimating a channel based on first pilot signals received through at least two
streams and a second pilot signal shared by the streams;

generating a vector orthogonal to the channel estimated based on the first pilot
signal, if the first pilot signal is not the pilot signal allocated to the stream of the
receiver;

generating a postcode based on the orthogonal vector;

estimating a channel gain based on the postcode and the channel estimated based
on the second pilot signal; and

detecting a signal based on the postcode and the channel gain.

The method of claim 8, wherein the postcode comprises a matched filter that is
generated based on the orthogonal vector.

The method of claim 8, wherein the detecting of the signal comprises:
precoding a received signal by using the postcode; and

equalizing the postcoded signal based on the channel gain.

The method of claim 8, further comprising:

generating a postcode based on the channel estimated based on the first pilot
signal, if the first pilot signal is the pilot signal allocated to the stream of the
receiver;

estimating a channel gain based on the postcode and the channel estimated based
on the first pilot signal; and

detecting a signal based on the postcode and the channel gain.

The method of claim 8, further comprising:

generating a postcode based on the channel estimated based on the first pilot
signal, if the first pilot signal is the pilot signal allocated to the stream of the
receiver;

estimating a channel gain based on the postcode and the channel estimated based
on the second pilot signal; and

detecting a signal based on the postcode and the channel gain.

A transmitting apparatus of a multi-antenna system, the apparatus comprising:
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at least two antennas;

a channel detector for detecting downlink channel information of at least two
receivers located in a service area;

a weight generator for generating, based on the downlink channel information,
postcodes and pre-codes for streams used to transmit signals to the receivers;

a pilot controller for allocating a pilot signal to at least one of the streams and for
allocating an additional pilot signal shared by at least one of the streams; and

a pre-coder for precoding the pilot signal allocated to at least one of the streams,
the additional pilot signal, and data to be transmitted to each of the receivers,
based on the pre-code for each of the streams.

The apparatus of claim 13, wherein the weight generator generates the pre-code
and the postcode for each of the streams based on the downlink channel in-
formation such that the effective channels estimated by the receivers based on
the precoded signal are orthogonal to each other.

The apparatus of claim 13, further comprising a selector for selecting at least one
stream to be allocated the pilot signal based on the downlink channel in-
formation,

wherein the pilot controller allocates the pilot signal to each stream selected by
the selector.

The apparatus of claim 15, wherein the selector selects the streams to be
allocated the pilot signal, by using one of a scheme of selecting the stream in a
fixed manner, a scheme of selecting the stream highest in terms of the sum
transmission rate of all the streams, a scheme of selecting the stream that
transmitted the pilot signal having the highest signal level among the signal
levels estimated by the receivers with respect to each pilot signal transmitted
through the stream, a scheme of selecting the stream that transmitted the pilot
signal highest in terms of the product of the signal levels estimated by the
receivers with respect to each pilot signal transmitted through the stream, and a
scheme of selecting the stream such that the level of the signal to be received by
the receivers is highest when transmitting the pilot signal through the stream.
The apparatus of claim 13, wherein the pilot controller allocates the pilot signal
to the number of streams that is one less than the number of antennas of the
receiver.

The apparatus of claim 13, wherein the pilot controller allocates the additional
pilot signal shared by other streams than the stream allocated the pilot signal,
among at least two streams used to transmit signals to at least two receivers, or
allocates the additional pilot signal shared by all the streams used to transmit

signals to at least two receivers.
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A receiving apparatus of a multi-antenna system, the apparatus comprising:

a channel estimator for estimating a channel based on first pilot signals and a
second pilot signal received through at least two streams;

a postcode generator for generating a postcode based on a vector orthogonal to a
channel estimated based on the first pilot signal, if the first pilot signal is not the
pilot signal allocated to the stream of the receiving apparatus, and for generating
a postcode based on a channel estimated based on the first pilot signal, if the first
pilot signal is the pilot signal allocated to the stream of the receiving apparatus;
a channel gain estimator for estimating a channel gain based on the pre-code and
the channel estimated based on the first pilot signal or the second pilot signal;

a postcoder for postcoding a received signal based on the generated postcode;
and

an equalizer for equalizing the postcoded signal based on the estimated channel
gain.

The apparatus of claim 19, wherein the postcode generator generates a matched
filter as the postcode based on the orthogonal vector.

The apparatus of claim 19, wherein if the first pilot signal is the pilot signal
allocated to the stream of the receiving apparatus, the channel gain estimator
estimates the channel gain based on the postcode and the channel estimated
based on the second pilot signal, or estimates the channel gain based on the
postcode and the channel estimated based on the first pilot signal or the second

pilot signal.
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[Fig. 5]
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[Fig. 6]
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