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Description

BEAMFORMING METHOD USING MULTIPLE ANTENNAS

Technical Field

The present invention relates a beamforming method using multiple antennas. Par-
ticularly, it relates to a beamforming method for transmitting a signal to uplink in a
time division duplex (TDD) system.

Background Art

In wireless transmission, methods for improving sector throughput by using multiple
antennas have been researched.

The methods that use multiple antennas include a smart antenna method, a diversity
method, and a spatial multiplexing (SM) method, as examples. The smart antenna
method acquires a plurality of gain forming antenna beams for transmitting/receiving a
signal with a high signal to noise ratio (SNR). The diversity method that uses multiple
antennas decreases receiving probability of a signal having a low SNR by multiplexing
signal paths when channel correlation is low so as to obtain a gain. In addition, the SM
method obtains a multiplexing gain by transmitting a different signal to each of a
plurality of antennas when the SNR is high.

For transmission of a radio signal, the base station uses various methods such as a
direction of arrival (DOA) beamforming method using multiple antennas and a
minimum mean square error (MMSE) method for avoiding another user's interference.
However, when the terminal transmits a radio signal, the terminal typically uses one
transmitting antenna due to increasing size and power consumption of the terminal.

Considering the contemporary standardization trends, an SM transmission method
that uses multiple transmission antennas and a space time coded transmit diversity
(STTD) method have been proposed for radio signal transmission to an uplink. In
addition, a method for increasing an SNR by forming transmission beams in multiple
antennas has been researched. A space division multiple access (SDMA) method in
which a plurality of terminals transmit an uplink signal to one base station by sharing
resources is an example of this method. The SMDA method may be applied to a
plurality of terminals that respective include one transmission antenna or a terminal
including two or more transmission antennas.

As described, transmission beamforming by using multiple antennas is needed for in-
creasing sector capacity in the SM method, the SDMA method, and a single input
signal output (SISO) method. However, there is a problem of increasing power con-
sumption of a terminal when the uplink signal is transmitted by using the multiple

antennas.



WO 2009/078529 PCT/KR2008/004168

[7]

[8]

[9]

[10]

[11]

[12]

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 beamforming method
having an advantage of preventing power consumption of a mobile station from being
increased when the mobile station transmits a signal to an uplink by using multiple

antennas.

Technical Solution

An exemplary beamforming method according to an embodiment of the present
invention includes: receiving at least one training signal from a plurality of base station
antennas by using a plurality of mobile station antennas; estimating downlink channels
formed by the plurality of base station antennas and the plurality of mobile station
antennas by using the at least one training signal; generating a beam vector by using
the downlink channels formed by the respective base station antennas and the re-
spective mobile station antennas; and beamforming by applying the beam vector to the
plurality of mobile stations.

The generating of the beam vector includes selecting one base station antenna that
forms a downlink channel with the maximum gain from among the plurality of base
station antennas, and generating the beam vector by using a plurality of phases that re-
spectively correspond to downlink channels formed by the one base station antenna
and the plurality of mobile station antennas.

The beam vector has a plurality of beam coefficients that respectively correspond to
the plurality of mobile stations, and each of the plurality of beam coefficients has the
same gain. Each phase of the plurality of beam coefficients corresponds to an inverse
number of each of the plurality of phases. The beamforming includes: generating a
plurality of beam signals by respectively applying the plurality of beam coefficients to
a baseband signal; generating a plurality of beam signals in a wireless band by
frequency-converting the plurality of beam signal into wireless band signals; and
beamforming by respectively applying the beam signals in the wireless band to the
plurality of mobile stations.

The phases of the plurality of beam coefficients respectively correspond to a
difference between the phase of a downlink channel formed by one of the plurality of
mobile station antennas and the one base station antenna and each of the plurality of

phases. In addition, the beamforming includes generating a plurality of beam signals
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by respectively applying the plurality of beam coefficients to the wireless band signals,
and beamforming by respectively applying the plurality of beam signals to the re-
spective mobile station antennas.

In addition, the generating of the beam vector includes: generating a plurality of
candidate beam vectors that respectively include a plurality of beam coefficients that
respectively correspond to the plurality of mobile station antennas; calculating a
plurality of gains that respectively correspond to the plurality of candidate beam
vectors by using the plurality of candidate beam vectors and downlink channels formed
by the respective base station antennas and the respective mobile station antennas;
detecting a gain having the maximum gain from among the plurality of gains; and
generating the beam vector by selecting one beam vector that corresponds to the
maximum gain from among the plurality of candidate beam vectors. Here, the number
of the plurality of candidate beam vectors corresponds to the number of the plurality of
mobile station antennas.

The phase of each of the plurality of beam coefficients is proportional to an index of
each candidate beam vector and an index of a mobile station that corresponds to the
beam coefficient, and a gain of each of the plurality of beam coefficients corresponds
to an inverse number of a square root of the number of the plurality of mobile station
antennas.

The generating of the beam vector includes generating the beam vector with a
random-generated beam vector or a beam vector that has been applied to the plurality
of mobile station antennas for previous beamforming when moving speed of the
mobile station is greater than a reference speed.

An exemplary beamforming method according to another embodiment of the present
invention includes: receiving a training signal from one base station by using a
plurality of mobile station antennas; estimating downlink channels formed by the one
base station antenna and the plurality of mobile station antennas by using the training
signal; generating a beam vector by using the downlink channel; and beamforming by
applying the beam vector to the plurality of mobile station antennas.

The generating of the beam vector includes generating the beam vector by using a
plurality of phases that respectively correspond to the downlink channels, and the
beam vector includes a plurality of beam coefficients that respectively correspond to
the respective mobile station antennas. The plurality of beam coefficients respectively
have the same gain.

The phase of each of the plurality of beam coefficients corresponds to an inverse
number of each of the plurality of phases.

The beamforming includes: generating a plurality of beam signals by respectively

applying the plurality of beam coefficients to a baseband signal; generating a plurality
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of beam signals in a wireless band by frequency-converting the plurality of beam
signals to wireless band signals; and beamforming by respectively applying the
plurality of beam signals in the wireless band to the plurality of mobile station

antennas.
Each phase of the plurality of beam coefficients corresponds to a difference between

the phase of a downlink channel formed by one of the plurality of mobile station
antennas and the one base station antenna and each of the plurality of phases.

The beamforming includes generating a plurality of beam signals by respectively
applying the plurality of beam coefficients to a wireless band signal, and beamforming
by respectively applying the plurality of beam signals to the respective mobile station
antennas.

The generating of the beam vector includes generating the beam vector with a
random-generated beam vector or a beam vector that has been applied to the plurality
of mobile station antennas for previous beamforming when moving speed of the
mobile station is greater than a reference speed.

Advantageous Effects

According to the present invention, a signal is transmitted to an uplink by using
multiple antennas so that bit error ratio (BER) performance and sector throughput can
be improved. In addition, since a beam for transmitting the signal to the uplink can be
efficiently formed, increase of power consumption of the mobile station due to the use
of the multiple antennas can be prevented.

Brief Description of the Drawings

FIG. 1 shows a downlink channel between each of a plurality of base station
antennas and each of a plurality of mobile station antennas in a time division duplex
(TDD) system according to an exemplary embodiment of the present invention.

FIG. 2 is a block diagram of a mobile station according to a first exemplary em-
bodiment of the present invention.

FIG. 3 is a flowchart of a beamforming process according to the first exemplary em-
bodiment of the present invention.

FIG. 4 is a configuration diagram of an uplink beamforming unit, a radio frequency
(RF) chain unit, and a plurality of mobile station antennas according to the first
exemplary embodiment of the present invention.

FIG. 5 is a block diagram of a mobile station according to a second exemplary em-
bodiment of the present invention.

FIG. 6 is a flowchart of a beamforming process according to the second exemplary
embodiment of the present invention.

FIG. 7 is a configuration diagram of an uplink beamforming unit, a RF chain unit,
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and a plurality of mobile station antennas according to the second exemplary em-
bodiment of the present invention.
Mode for 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. As
those skilled in the art would realize, the described embodiments may be modified in
various different ways, all without departing from the spirit or scope of the present
invention. Accordingly, the drawings and description are to be regarded as illustrative
in nature and not restrictive. Like reference numerals designate like elements
throughout the specification.

Throughout this specification and the claims which follow, unless explicitly
described to the contrary, the word "comprise”, and variations such as "comprises" or
"comprising"”, will be understood to imply the inclusion of stated elements but not the
exclusion of any other elements. Also, the terms of a unit, a device, and a module in
the present specification represent a unit for processing a predetermined function or
operation, which can be realized by hardware, software, or a combination of hardware
and software.

In the specification, a terminal can be a portable subscriber station (PSS), a mobile
terminal (MT), a subscriber station (SS), a mobile station (MS), user equipment (UE),
and an access terminal (AT), and can include all or partial functions of the mobile
terminal, the subscriber station, the portable subscriber station, and the user equipment.

In the specification, a base station (BS) can represent an access point (AP), a radio
access station (RAS), a nodeB (Node B), a base transceiver station (BTS), and a
mobile multihop relay (MMR)-BS, and can include all or partial functions of the
access point, the radio access station, the nodeB, the base transceiver station, and the
MMR-BS.

A beamforming method according to an exemplary embodiment of the present
invention will now be described in detail with reference to the accompanying
drawings.

The exemplary embodiment of the present invention is related to a beamforming
method for a mobile station to transmit data to a base station through an uplink by
using multiple antennas in a time division duplex (TDD) system.

The TDD system provides bi-directional communications between the mobile station
and the base station by using a single frequency band, and radio resources between the
mobile station and the base station are allocated to an uplink and a downlink in a
mobile station in the time axis. The uplink is used by the mobile station for

transmitting a signal to the base station, and the downlink is used by the base station
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for transmitting a signal to the mobile station.

The base station includes a plurality of transmitting-receiving antennas (hereinafter
referred to as "base station antenna"), and performs multiple input multiple output
(MIMO) by using the plurality of base station antennas. The mobile station includes a
plurality of transmitting-receiving antenna (hereinafter referred to as "mobile station
antenna"), and performs the MIMO by using a plurality of mobile station antennas.

FIG. 1 shows downlink channels between a plurality of base station antennas and a
plurality of mobile station antennas in the TDD system according to the exemplary em-
bodiment of the present invention.

As shown in FIG. 1, each of M base station antennas AB,, AB,,... , AB,.; and each
of N mobile station antennas AM,, AM,, , AMy_, generate NxM downlink MIMO
channels.

The BS transmits at least one preamble signal to the mobile station by using at least
one base station antenna among the M base station antennas or respectively transmits
the M base station antennas by respectively using the M base station antennas. In this
instance, the preamble signal is transmitted for notifying the BS of frame syn-
chronization.

The BS transmits a pilot signal along with a data signal to the mobile station by using
at least one of the M base station antennas. In this instance, the pilot signal is used for
downlink channel estimation in order to compensate the amplitude and phase estimates
of the data signal distorted due to multipath attenuation.

While transmitting the data signal and the pilot signal, the base station further
transmits a midamble signal to the mobile station by using at least one of the M base
station antennas. In this instance, the midamble signal identifies each of the M base
station antennas.

As described, the preamble signal, the pilot signal, and the midamble signal have a
structure or a format that has been predetermined between the base station and the
mobile station, and will be referred to as a training signal.

The mobile station receives at least one independent training signal by using the re-
spective N mobile station antennas, and performs downlink MIMO channel estimation
by using the at least one independent training signal.

In the TDD system, an uplink channel and a downlink channel use the same
frequency bandwidth and are reversible, and they are close to each other in the time
axis so that the uplink channel can be estimated from the downlink channel when the
moving speed of the mobile station is low.

However, a downlink channel and an uplink channel estimated by the mobile station
by using at least one independent training signal may not be completely equal to each

other due to a gain of the base station antenna, amplification of a base station circuit, a
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gain of the mobile station antenna, and amplification of a mobile station circuit.

That is, the uplink channel state h;; estimated by the i-th base station antenna among
the M base station antennas and the j-th mobile station antenna among the N mobile
station antennas can be obtained by using a downlink channel h;; estimated by the i-th
base station antenna and the j-th mobile station antenna, as shown in Math Figure 1.

[Math Figure 1]

h;; —a*h;;

As shown in Math Figure 1, the uplink channel condition h;; and the downlink
channel condition h;; are proportional to each other with a ratio of a constant a. Herein,
the constant o implies a ratio between a downlink channel condition and an uplink
channel condition in accordance with a gain of the base station antenna, amplification
of a base station circuit, a gain of the mobile station antenna, and amplification of a
mobile station circuit.

According to the exemplary embodiment of the present invention, there is no need of
estimating an absolute propagation channel value of each of a plurality of base station
antennas and a plurality of mobile station antennas. Therefore, the mobile station
estimates an uplink channel by using a downlink channel that has been estimated by
using at least one independent training signal according to the exemplary embodiment
of the present invention. In this instance, the mobile station estimates a downlink
channel condition per at least one downlink channel slot, and estimates an uplink
channel downlink channel in the same manner as the downlink channel whenever es-
timating the downlink channel condition. In this way, uplink channel estimation per-
formance can be improved by using reversibility between a downlink channel and an
uplink channel in a TDD system.

FIG. 2 is a block diagram of a mobile station according to a first exemplary em-
bodiment of the present invention. FIG. 2 illustrates only a part of the mobile station
for explanation of the first exemplary embodiment of the present invention.

As shown in FIG. 2, the mobile station according to the first exemplary embodiment
of the present invention includes N mobile station antennas (AM,, AM,,..., AMy )
210, a downlink channel estimator 220, a beam vector generator 230, an uplink
beamforming unit 240, and a radio frequency (RF) chain 250.

FIG. 3 is a flowchart of a beamforming method according to the first exemplary em-
bodiment of the present invention.

As shown in FIG. 3, the N mobile station antennas 210 receive at least one in-
dependent training signal from at least one of the plurality of base station antennas
through a downlink channel (S310). In this case, the training signal is one of a
preamble signal, a pilot signal, and/or a midamble signal.

The downlink channel estimator 220 estimates a downlink channel condition by
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using at least one training signal received by the respective N mobile station antennas
210 (S320). Herein, the downlink channel condition includes downlink channel values
such as the gain and phase of the downlink channel. The downlink channel estimator
220 estimates the downlink channel condition y using a minimum mean-square error
estimation (MMSE) algorithm. A method for estimating a downlink channel condition
is well known to a person of ordinary skill in the art, and therefore no further de-
scription will be provided.

According to the first exemplary embodiment of the present invention, the downlink
channel estimator 220 uses different methods for estimating a downlink channel in the
following two cases that can be identified by a different number of independent
training signals.

In the first case, the BS transmits one training signal to the mobile station by using
one base station antenna among the M base station antennas, and the MB use only the
one training signal transmitted from the one base station antenna for downlink channel
estimation. In this case, the downlink channel estimator 220 generates N downlink
channel values by estimating downlink channels for the one base station antenna and
each of the N mobile station antennas.

In the second case, the BS transmits a plurality of independent training signals, each
of which corresponds to one of the M base station antennas, to the mobile station by
using each of the M base station antennas. In this case, the downlink channel estimator
220 estimates an NxM downlink MIMO channel matrix condition (where M is the
number of base station antennas and N is the number of mobile station antennas). The
downlink channel estimator 220 searches for one base station antenna that corresponds
to a downlink channel in the best condition among the M base station antennas. Here, a
downlink channel having the maximum gain may have the best channel condition.

Therefore, the downlink channel estimator 220 calculates a downlink channel gain of
each of the M base station antennas, and searches for a downlink channel with respect
to one base station antenna having the maximum gain. Math Figure 2 is used for cal-
culating N downlink channel gains corresponding to a random base station antenna AB

i.

[Math Figure 2]
AN-1 .
gain, = Zhi,jhi,_f
J=0

, 0=1=M-1

In Math Figure 2, gain; denotes a gain of a downlink channel corresponding to the
base station antenna AB;. In addition, h;; denotes a downlink channel condition with

respect to the base station antenna ABi and a mobile station antenna AMj, and h*;
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denotes a conjugate complex number of the downlink channel condition with respect to
the base station antenna ABi and the mobile station antenna AMj.

The downlink channel estimator 220 calculates a gain of a downlink channel with
respect to each of the M base station antennas by using Math Figure 2, and searches for
the maximum gain. In addition, the downlink channel estimator 220 selects a downlink
channel of one base station antenna, which has the maximum gain, and generates N
downlink channels that correspond to downlink channels formed by one base station
antenna having the maximum gain and the plurality of mobile station antennas.

As described, the downlink channel estimator 200 generates the N downlink channels
corresponding to a downlink channel that correspond to one base station antenna that
transmits a training signal or one base station antenna that forms a channel with the
maximum gain. In this instance, the N downlink channels are used for estimating an
uplink channel that corresponds to a vector channel formed by one of M base station
antennas.

When the mobile station moves at a high speed, a different between a downlink
channel at a current time slot and an uplink channel at a subsequent time slot is signi-
ficantly increased. Accordingly, the downlink channel estimator 220 measures the
moving speed of the mobile station in order to reflect the moving speed of the mobile
station to uplink channel estimation (S330).

Then, the beam vector generator 230 receives N downlink channel values that
correspond to downlink channels between one base station antenna and the N mobile
station antennas and moving speed of the mobile station from the downlink channel
estimator 220, and compares the received moving speed with a reference value (S340).
Here, the reference value implies moving speed that cannot guarantee similarity
between an uplink channel and a downlink channel, and a detailed description of the
reference value will be omitted since it is well known to a person of ordinary skill in
the art.

When the moving speed of the mobile station is greater than the reference value, the
beam vector generator 230 generates a beam vector (hereinafter referred to as "current
beam vector") that corresponds to an uplink channel of the current time slot without
regarding the N downlink channel values. In other words, the beam vector generator
230 selects one of a random-generated beam vector and a previous beam vector as a
current beam vector (S341). Here, the previous beam vector implies a beam vector
applied to the N mobile station antennas 210 for forming a transmission beam that cor-
responds to an uplink channel of a previous time slot.

When the moving speed of the mobile station is lower than the reference value, the
beam vector generator 230 generates beam vectors by using the N downlink channel

values (S350). In this instance, the beam vector generator 230 generates the beam
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vector at every time point ay which the downlink channel estimator 220 estimates a
downlink channel. In this way, an uplink channel condition can be estimated by using
reversibility between the uplink channel and the downlink channel.

The beam vector is given by the following Math Figure 3.

[Math Figure 3]

i

>

- 7% 7 FLIVE
(,f[aoe voape’ T ase LRI Y A

In Math Figure 3, ¢ denotes a beam vector, and the beam vector ¢ includes N beam
coefficients that respectively correspond to the N mobile station antennas 210.

According to the first exemplary embodiment, gains a, to ay.; of the N beam coef-
ficients are equally set to 1. In addition, phases 0, to Oy, of the N beam coefficients
can be respectively given by Math Figure 4.

[Math Figure 4]

6, =, ~4) . cys

In Math Figure 4, 0, denotes the phase of the n-th beam coefficient that corresponds
to the n-th mobile station antenna. In addition, ¢, denotes the phase of a downlink
channel between one base station antenna and the n-th mobile station antenna among
the N downlink channels, and ¢, denotes the phase of a downlink channel between one
base station antenna and the O® mobile station antenna 210 among the N mobile station
antennas. Here, the one base station antenna is a base station antenna that transmits a
training signal or a base station antenna that forms a downlink channel having the
maximum gain.

As given in Math Figure 4, the phase 0, of the n-th beam coefficient that corresponds
to the n-th mobile station antenna may correspond to a difference between the phase ¢,
of the downlink channel between the one base station and the 0-th mobile station
antenna and the phase 0, of the downlink channel between the one base station and the
n-th mobile station antenna. In addition, the phase 0, of the 0-th beam coefficient that
corresponds to the 0-th mobile station antenna becomes 0 by Math Figure 4.

The beam vector generator 230 generates the beam vector as described above, and
transmits the beam vector to the uplink beamforming unit 240.

The uplink beamforming unit 240 generates N beam signals by using an output
signal of the RF chain 250 and the beam vector (S360).

According to the first exemplary embodiment of the present invention, the RF chain
250 is commonly connected to the N mobile station antennas 210 through the uplink
beamforming unit 240. That is, as shown in FIG. 2, the RF chain 250 arranged in front
of the uplink beamforming unit 240 frequency-converts a signal (hereinafter referred to

as a transmission signal) to be transmitted to the base station from a baseband to a RF
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band, and amplifies the transmission signal for transmission over an uplink channel. As
described, the RF chain 250 frequency-converts the transmission signal to the RF band
and amplifies the converted transmission signal with a predetermined gain, and outputs
the amplified RF signal to the uplink beamforming unit 240.

The uplink beamforming unit 240 generates N beam signals by using the RF signal
and the beam vector (S360).

FIG. 4 shows a configuration diagram of the RF chain, the uplink beamforming unit,
and the plurality of mobile station antennas according to the first exemplary em-
bodiment of the present invention.

As shown in FIG. 4, the uplink beamforming unit 240 includes a plurality of mul-
tipliers 241. According to the first exemplary embodiment, each of the plurality of
multipliers 241 can be replaced with a phase shifter since the gain of each of the N
beam coefficients is 1.

The plurality of multipliers 241 respectively correspond to (N-1) mobile station
antennas, excluding the O-th mobile station antenna. Here, a beam signal applied to the
0-th mobile station antenna AM, equals an RF division signal since the phase 0, of the
0-the beam coefficient that corresponds to the 0-th mobile station antenna AM is 0
and accordingly the O-th beam coefficient is 1 as given in Math Figure 4, and therefore

the uplink beamforming unit 240 does not include the 0-th mobile station antenna AM,

The RF signal input to the uplink beamforming unit 240 is divided by N and is
equally applied to N branches that are respectively connected with the N mobile station
antennas. The plurality of multipliers 241 respectively apply the beam coefficient to
the signal divided by N from the RF signal (hereinafter referred to as an RF division
signal) so as to generate a plurality of beam signals that respectively correspond to the
N mobile station antennas. That is, the n-th multiplier 241 corresponding to the n-th
mobile station antenna AM, phase-shifts the RF division signal by using the n-th beam
coefficient that corresponds to the n-th mobile station antenna AM,, and applies the
phase-shifted RF division signal (hereinafter referred to as a beam signal) to the n-th
mobile station antenna AM,,.

According to the first exemplary embodiment, the uplink beamforming unit 240
generates N beam signals by using the beam vector and the RF division signal, and
outputs the N beam signals to the N mobile station antennas 210.

FIG. 3 is a flowchart of a beamforming process according to the first exemplary em-
bodiment of the present invention.

The N mobile station antennas 210 form transmission beams by using the N beam
signals transmitted from the uplink beamforming unit 240 (S370). The mobile station

transmits data to the base station over the uplink channel by using the transmission



12

WO 2009/078529 PCT/KR2008/004168

[91]

[92]
[93]

[94]

[95]

[96]

[97]

[98]

[99]
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[101]

beams formed by the plurality of mobile station antennas 210 (S380).

As described, the uplink beamforming unit 240 according to the first exemplary em-
bodiment of the present invention receives the RF signal from one RF chain 250. In
this way, the number of RF chains 250 that consume high power for amplification of
the transmission signal with a predetermined gain can be minimized, and accordingly,
a power consumption level of the mobile station that forms an uplink beam by using
the N mobile station antennas can be reduced to a power consumption level of a
mobile station that forms an uplink beam by using one mobile station antenna.

A second exemplary embodiment of the present invention will now be described.

FIG. 5 shows a block diagram of a mobile station according to the second exemplary
embodiment of the present invention.

As shown in FIG. 5, the mobile station according to the second exemplary em-
bodiment includes N mobile station antennas 210 (AM,, AM,,... , AMy, in FIG. 5), a
downlink channel estimator 220, a beam vector generator 230, an uplink beamforming
unit 240, and an RF chain unit 260. Here, the RF chain unit 230 includes a plurality of
RF chains.

The mobile station according to the second exemplary embodiment is similar to the
mobile station of the first exemplary embodiment, and accordingly, descriptions of
parts having been described will be briefly given or omitted.

FIG. 6 shows a flowchart of a beamforming method according to the second
exemplary embodiment of the present invention.

As shown in FIG. 6, the N mobile station antennas 210 receive at least one in-
dependent training signal over a downlink channel from a plurality of base station
antennas (S610). Here, the training signal may be one of a preamble signal, a pilot
signal, or a midamble signal.

The downlink channel estimator 220 estimates a downlink channel condition by
using the at least one training signal received by each of the N mobile station antennas
210 (S620).

According to the second exemplary embodiment, the downlink channel estimator
220 estimates a downlink channel by using different methods in the following three
cases.

The first case is that the base station transmits a training signal to the mobile station
by using one of M base station antennas and the base station uses only one training
signal transmitted from one base station for downlink channel estimation. As in the
first exemplary embodiment, the downlink channel estimator 220 estimates downlink
channels between one base station and N mobile station antennas, and generates N
downlink channels in the first case.

The second case is that the base station transmits M independent training signals that
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respectively correspond to the M base station antennas to M mobile stations by using
the respective M base station antennas. As in the first exemplary embodiment, the
downlink channel estimator 220 estimates an NxM downlink MIMO channel matrix
condition (where M is the number of base station antennas and N is the number of
mobile station antennas), and selects one base station antenna that forms a downlink
channel in the best condition. Here, the downlink channel in the best condition may be
a downlink channel having the maximum gain.

That is, like the first exemplary embodiment, the downlink channel estimator 220
calculates a downlink channel gain of each of the M base station antennas by using
Math Figure 2, and searches for a downlink channel of one base station having the
maximum gain. The downlink channel estimator 220 generates N downlink channels
corresponding to the downlink channel of the one base station antenna having the
maximum gain.

As described, according to the second exemplary embodiment, the downlink channel
estimator 220 generates the N downlink channels corresponding to a downlink channel
of a base station antenna that transmits a training signal or a downlink channel of a
base station antenna that forms a channel with the maximum gain in the first and
second cases. In this instance, the N downlink channels are used for estimating an
uplink channel that corresponds to a vector channel formed by one of the M base
station antennas.

In addition, as in the first exemplary embodiment, the downlink channel estimator
220 estimates moving speed of the mobile station (S630), and outputs the moving
speed of the mobile station and the N downlink channels to the beam vector generator
230.

The beam vector generator 230 compares the received moving speed with a reference
value (5640).

When the moving speed of the mobile station is greater than the reference value, the
beam vector generator 230 generates a current beam vector without regarding the N
downlink channels. In other words, the beam vector generator 230 selects one of a
random-generated beam vector and a previous beam vector as the current beam vector
(S641).

When the moving speed of the mobile station is less than the reference value, the
beam vector generator 230 generates a beam vector as given in Math Figure 3 by using
the N downlink channels (S650). As in the first exemplary embodiment, the beam
vector generator 230 generates the beam vector at every time that the downlink
channel estimator 220 estimates a downlink channel. In this way, an uplink channel
condition can be estimated by using reversibility between an uplink channel and a

downlink channel.
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[108] As given in Math Figure 3, the beam vector ¢ according to the second exemplary em-
bodiment includes N beam coefficients that respectively correspond to the N mobile
station antennas 210. The beam coefficient according to the second exemplary em-
bodiment can be obtained as given in Math Figure 5.

[109] [Math Figure 5]

[110] TG L - e—j%

N

[111] In Math Figure 5,

Jé,

E)

a,e

€

denotes the n-th beam coefficient that corresponds to the n-th mobile station antenna,
and @, denotes the phase of a downlink channel between one base station antenna and
the n-th mobile station antenna among the N downlink channels. Here, the one base
station antenna is a base station that transmits a training signal or a base station that
forms a downlink channel having the maximum gain.

[112] As given in Math Figure 5, according to the second exemplary embodiment, gains a,

to ax.; of the N beam coefficients are equally set to

1

. In addition, the phase 0, of the n-th beam coefficient that corresponds to the n-th

mobile station antenna can be expressed by an inverse number of the phase ¢, of a
downlink channel between one base station antenna and the n-th mobile station
antenna.

[113] According to the second exemplary embodiment, a method for the downlink channel
estimator 220 to estimate a downlink channel in the third case will be described.

[114] Like the second case, the third case is that the base station transmits M independent
training signals that respectively correspond to the M base station antennas to the
mobile station by using the respective M base station antennas. In the third case,
according to the second exemplary embodiment, the beam vector generator 230
generates a plurality of candidate beam vectors that respectively include a plurality of
beam coefficients, each of which has the same gain, and generates a beam vector by
selecting a candidate beam vector having the maximum gain when an uplink MIMO
channel condition of a subsequent time slot is applied.

[115] In other words, in the third case, the downlink channel estimator 220 estimates a
condition of an NxM downlink MIMO channel matrix (where M is the number of base
station antennas and N is the number of mobile station antennas). Then, the downlink
channel estimator 220 outputs MxN downlink channels that correspond to the NxM

downlink MIMO channel matrix to the beam vector generator 230.
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The beam vector generator 230 generates N candidate beam vectors as given in Math
Figure 6.
[Math Figure 6]

1 R b JIN-1T
c,=—lLe " N
NN

, 0=n=N-1

In Math Figure 6, ¢, denotes the n-th candidate beam vector among the N candidate
beam vectors. Each of the N candidate beam vectors includes N beam coefficients that
respectively correspond to the N mobile station antennas AM, to AMy;.

As shown in Math Figure 6, gains of the N beam coefficients that are included in the

n-th candidate beam vector ¢, are equally set to

-

. In addition, each phase of the N beam coefficients is proportional to an index of the
corresponding candidate beam vector and an index of a mobile station antenna that
corresponds to each of beam coefficients. That is, the x-th beam coefficient included in
the n-th candidate beam vector corresponds to the x-th mobile station antenna AM;,
among the N mobile station antennas, and the phase of the x-th beam coefficient cor-
responds to an index n of the candidate beam vector and an index x (0<x<N-1) of the
x-th mobile station antenna AM,.

The beam vector generator 230 calculates a gain of each of the N candidate beam
vectors in the case of applying an MxN uplink MIMO channel matrix (where M is the
number of base station antennas and N is the number of mobile station antennas) of a
subsequent time slot by using Math Figure 7.

[Equation 7]

gamnzﬂch”Z’ 0<n<N-1

In Math Figure 7, H denotes an MxN uplink MIMO channel matrix formed by N
mobile station antennas and M base station antennas. Here, an uplink channel of a
subsequent time slot can be estimated to be the same as a downlink channel of the
current time slot if moving speed of the mobile station is less than the reference value
in the TDD system. Therefore, according to the second exemplary embodiment, the
beam vector generator 230 calculates a gain of each of the N candidate beam vectors
by applying NxM downlink channels received from the downlink channel estimator
220 to the MxN uplink MIMO channel matrix H.

In addition, the beam vector generator 230 selects a candidate beam vector having
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the maximum gain in the case of applying an uplink MIMO channel of a subsequent
time slot from among the N candidate beam vectors as a current beam vector.

As described, according to the second exemplary embodiment, the beam vector
generator 230 generates the beam vector and outputs the generated beam vector to the
uplink beamforming unit 240 in each of the first to third cases.

The uplink beamforming unit 240 generates N output signals (hereinafter referred to
as "preliminary beams") that respectively correspond to the N mobile station antennas
by using a transmission signal and a beam vector (S660). The RF chain unit 260
frequency-converts the N output signals to the RF band and amplifies the frequency-
converted signals with a predetermined gain so as to generate a plurality of beam
signals (S670). Here, as a baseband signal, the transmission signal is a signal to be
transmitted to the base station.

FIG. 7 is a configuration diagram of an uplink beamforming unit, an RF chain unit,
and a plurality of mobile station antennas according to the second exemplary em-
bodiment of the present invention.

As shown in FIG. 7, the uplink beamforming unit 240 according to the second
exemplary embodiment includes a plurality of multipliers 242 that respectively
correspond to the N mobile station antennas.

According to the second exemplary embodiment, the N multipliers 242 generate N
output signals that respectively correspond to the N mobile station antennas by
applying each of the beam coefficients to the transmission signal. That is, the n-th
multiplier 242 generates the n-th output signal that corresponds to the n-th mobile
station antenna AM, by multiplying the n-th beam coefficient
e

I3

€

that corresponds to the n-th mobile station antenna AM, and the transmission signal.
Here, the N output signals correspond to baseband signals.

The RF chain unit 260 includes a plurality of RF chains 261 that respectively
correspond to the N mobile station antennas.

The N RF chains 261 are respectively connected between the N multipliers 242 and
the N mobile station antennas. That is, the n-th RF chain 261 that corresponds to the n-
th mobile station antenna is connected between the n-th multiplier 242 that corresponds
to the n-th mobile station antenna and the n-th mobile station antenna.

According to the second exemplary embodiment, the N RF chains 261 frequency-
convert the plurality of output signals to an RF band and amplify the frequency-
converted signals for transmission over an uplink, and then apply the amplified signals
to the respective N mobile station antennas. That is, the n-th RF chain 261 that cor-

responds to the n-th mobile station antenna frequency-converts the n-th output signal to
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the RF band and amplifies the frequency-converted signal with a predetermined gain,
and then applies the amplified signal to the n-th mobile station antenna.

As described, according to the second exemplary embodiment, the uplink
beamforming unit 240 generates the N output signals by using the beam vectors and
the transmission signals. In addition, the RF chain unit 260 applies the N output signals
to the respective N mobile station antennas after performing frequency-conversion and
amplification on the N output signals.

FIG. 6 is a flowchart of a beamforming process according to the second exemplary
embodiment of the present invention.

The N mobile station antennas 210 form transmission beams by using the N signals
received from the RF chain unit 260 (S680). In addition, the mobile station transmits
data to the base station over an uplink channel by using the transmission beams formed
by the plurality of mobile station antennas 210 (S690).

As described, according to the second exemplary embodiment of the present
invention, the mobile station includes N RF chains that respectively correspond to the
N mobile station antenna, and equally sets gains of the N beam coefficients that re-
spectively correspond to the N mobile station antennas to
1
N

. In this way, the respective N RF chains consume the same amount of power for
amplifying the N output signals, and therefore, a power consumption level of a mobile
station that uses N mobile station antennas does not greatly increase compared to a
power consumption level of a mobile station that uses a single antenna.

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

and scope of the appended claims.



[1]

[2]

[3]

[4]

[5]

[6]

[7]

18

WO 2009/078529 PCT/KR2008/004168

Claims

A beamforming method comprising:

receiving at least one training signal from a plurality of base station antennas by
using a plurality of mobile station antennas;

estimating downlink channels formed by the plurality of base station antennas
and the plurality of mobile station antennas by using the at least one training
signal;

generating a beam vector by using the downlink channels formed by the re-
spective base station antennas and the respective mobile station antennas; and
beamforming by applying the beam vector to the plurality of mobile stations.
The beamforming method of claim 1, wherein the generating of the beam vector
comprises:

selecting one base station antenna that forms a downlink channel with the
maximum gain from among the plurality of base station antennas; and
generating the beam vectors by using a plurality of phases that respectively
correspond to downlink channels formed by the one base station and the plurality
of mobile station antennas.

The beamforming method of claim 2, wherein the beam vector has a plurality of
beam coefficients that respectively correspond to the plurality of mobile stations,
and each of the plurality of beam coefficients has the same gain.

The beamforming method of claim 3, wherein each phase of the plurality of
beam coefficients corresponds to an inverse number of each of the plurality of
phases.

The beamforming method of claim 4, wherein the beamforming comprises:
generating a plurality of beam signals by respectively applying the plurality of
beam coefficients to a baseband signal;

generating a plurality of beam signals in a wireless band by frequency-converting
the plurality of beam signals into wireless band signals; and

beamforming by respectively applying the beam signals in the wireless band to
the plurality of mobile stations.

The beamforming method of claim 3, wherein the phases of the plurality of beam
coefficients respectively correspond to a difference between the phase of a
downlink channel formed by one of the plurality of mobile station antennas and
the one base station antenna and each of the plurality of phases.

The beamforming method of claim 6, wherein the beamforming comprises:
generating a plurality of beam signals by respectively applying the plurality of

beam coefficients to the wireless band signals; and
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beamforming by respectively applying the plurality of beam signals to the re-
spective mobile station antennas.

The beamforming method of claim 1, wherein the generating of the beam vector
comprises:

generating a plurality of candidate beam vectors that respectively include a
plurality of beam coefficients that respectively correspond to the plurality of
mobile station antennas;

calculating a plurality of gains that respectively correspond to the plurality of
candidate beam vectors by using the plurality of candidate beam vectors and
downlink channels formed by the respective base station antennas and the re-
spective mobile station antennas;

detecting a gain having the maximum gain from among the plurality of gains;
and

generating the beam vector by selecting one beam vector that corresponds to the
maximum gain from among the plurality of candidate beam vectors,

wherein the number of the plurality of candidate beam vectors corresponds to the
number of the plurality of mobile station antennas.

The beamforming method of claim 8, wherein the phase of each of the plurality
of beam coefficients is proportional to an index of each candidate beam vector
and an index of a mobile station that corresponds to the beam coefficient, and

a gain of each of the plurality of beam coefficients corresponds to an inverse
number of a square root of the number of the plurality of mobile station antennas.
The beamforming method of claim 1, wherein the generating of the beam vector
comprises generating the beam vector with a random-generated beam vector or a
beam vector that has been applied to the plurality of mobile station antennas for
previous beamforming when moving speed of the mobile station is greater than a
reference speed.

A beamforming method comprising:

receiving a training signal from one base station by using a plurality of mobile
station antennas;

estimating downlink channels formed by the one base station antenna and the
plurality of mobile station antennas by using the training signal;

generating a beam vector by using the downlink channel; and

beamforming by applying the beam vector to the plurality of mobile station
antennas.

The beamforming method of claim 11, wherein the generating of the beam vector
comprises

generating the beam vector by using a plurality of phases that respectively
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correspond to the downlink channels,

wherein the beam vector includes a plurality of beam coefficients that re-
spectively correspond to the respective mobile station antennas, and

the plurality of beam coefficients respectively have the same gain.

The beamforming method of claim 12, wherein the phase of each of the plurality
of beam coefficients corresponds to an inverse number of each of the plurality of
phases.

The beamforming method of claim 13, wherein the beamforming comprises:
generating a plurality of beam signals by respectively applying the plurality of
beam coefficients to a baseband signal;

generating a plurality of beam signals in a wireless band by frequency-converting
the plurality of beam signals to wireless band signals; and

beamforming by respectively applying the plurality of beam signals in the
wireless band to the plurality of mobile station antennas.

The beamforming method of claim 12, wherein each phase of the plurality of
beam coefficients corresponds to a difference between the phase of a downlink
channel formed by one of the plurality of mobile station antennas and the one
base station antenna and each of the plurality of phases.

The beamforming method of claim 15, wherein the beamforming comprises:
generating a plurality of beam signals by respectively applying the plurality of
beam coefficients to a wireless band signal; and

beamforming by respectively applying the plurality of beam signals to the re-
spective mobile station antennas.

The beamforming method of claim 11, wherein the generating of the beam vector
comprises generating the beam vector with a random-generated beam vector or a
beam vector that has been applied to the plurality of mobile station antennas for
previous beamforming when moving speed of the mobile station is greater than a

reference speed.
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