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Description

Title of Invention: APPARATUS AND METHOD FOR CON-

TROLLING ADAPTIVE BEAMFORMING GAIN IN WIRELESS

[1]

[2]

[3]

[4]

[5]

[6]

[7]

COMMUNICATION SYSTEM
Technical Field

The present invention relates to a beamforming in a wireless communication system.
Background Art

A transmission end of a wireless communication system may generate and transmit
an electric signal using an antenna, and a reception end of the wireless communication
system may receive an electric signal transmitted by the transmission end via a radio
channel. As a model for a gain of a received signal at the reception end that may be
obtained via a beamforming gain at a transmission/reception antenna, a Friis equation
may be used.

FIG. 1 illustrates a transmission end and a reception end of a wireless communication
system according to the related art.

Referring to FIG. 1, a transmission end 110 and a reception end 120 of the related-art
wireless communication system are shown. In a case where a transmission antenna
having a beamforming gain G, and a reception antenna having a beamforming gain G,

are separated by a distance d, the Friis equation is given by Equation 1.
2
GG,
2 2
16n"d

In Equation 1, P, is power of a reception signal, P, is power of a transmission signal,

....................................... Equation 1

P,.=P

»

G, is an antenna gain of a transmitter, G, is an antenna gain of a receiver, A is the length
of a wavelength, and d is a distance between the transmitter and the receiver. The
antenna gain of the transmitter may be referred to as a transmission beamforming gain,
and the antenna gain of the receiver may be referred to as a reception beamforming
gain.

Equation 1 may be applicable to free space. Therefore, when it is applied to a real
system, some change may be given to Equation 1 according to characteristics of a
radio channel. Equation 1 shows that power received in the receiver is proportional to a
gain value of an antenna of the transmitter and the receiver. When transmission power
and gain values of transmission beamforming and reception beamforming are raised
via the Friss equation, a quality of a reception signal at the reception end may be

improved.
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FIG. 2 illustrates beam training in a wireless communication system according to the
related art.

Referring to FIG. 2, a beamforming gain value at a Base Station (BS) 210 is
expressed by Ggs and a beamforming gain value at Mobile Station (MS) 220 is
expressed by Gys. Herein, an MS may be referred as a User Equation (UE) and may be
any portable electronic terminal that may access a wireless communication system. In
order to increase efficiency of a transmission signal and a reception signal between the
BS 210 and the MS 220, a process for matching a direction of a signal of the BS 210
having a specific direction with a direction of a signal of the MS 220 is needed.
Generally, the process for matching the directions of signals is referred to as beam
training. The beam training is a procedure for maximizing a power value of a reception
signal in the Friss equation described with reference to FIG. 1 by accurately matching
the direction of a transmission signal with the direction of a reception signal.

A beam training procedure at a downlink is described below with reference to FIG. 2.
The BS 210 having a Ggs, which is a fixed beamforming gain, transmits a unique
sequence in a unique direction. The unique sequence is mapped to a beam index as 1:1,
and the MS 220 may discriminate from which direction a best beam is received. The
MS 220 may receive beams via a plurality of directions having a Gys, which is a fixed
beamforming gain with respect to one beam index of the BS 210, and may then
determine from which direction a signal having a highest power may be received. The
above procedure may be applicable to an uplink in the same manner. In this case, the
transmission end becomes the MS 220, and the reception end becomes the BS 210. For
example, as illustrated in FIG. 2, in the case where the BS 210 has five beam indexes
beam_1 211, beam _2 212, beam _3 213, beam _4 214, and beam _5 215, and the MS
220 has three beam indexes beam 1221, beam 2 222, and beam 3 223, since the
beam_3 213 of the BS 210 and the beam_2 222 of the MS 220 face each other, a com-
bination of the beam_3 213 of the BS 210 and the beam_2 222 of the MS 220 may
maximize reception power at the reception end.

Through the above beam training, an optimized beam index at the transmission end
and an optimized beam index at the reception end may be determined so that reception
power at the reception end may be maximized. The above beam training procedure
may be performed periodically or may be event-driven. Generally, in the case where an
MS has mobility, the beam training procedure is performed periodically, and in this
case, when the beam training procedure is performed in a short period, an overhead
may be very large. Therefore, when maximization of power may be achieved more ef-
fectively during beam training, an overhead by the beam training procedure may be
reduced.

Therefore, a need exists for a system and method for controlling adaptive
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beamforming gain in a wireless communication system.
The above information is presented as background information only to assist with an

understanding of the present disclosure. No determination has been made, and no
assertion is made, as to whether any of the above might be applicable as prior art with

regard to the present invention.
Disclosure of Invention

Solution to Problem

Aspects of the present invention are 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 performing efficient beamforming in a wireless communication system.

Another aspect of the present invention is to provide an apparatus and a method for
reducing an overhead by a beam training procedure in a wireless communication
system.

Still another aspect of the present invention is to provide an apparatus and a method
for controlling a beam gain in a wireless communication system.

In accordance with an aspect of the present invention, a method for operating a com-
munication node in a wireless communication system is provided. The method
includes determining whether to control a beamforming gain, controlling the
beamforming gain via change of a beam width if it is determined to control the
beamforming gain, and transmitting or receiving a signal according to the controlled
beamforming gain.

In accordance with another aspect of the present invention, a method for operating a
communication node in a wireless communication system is provided. The method
includes determining whether to control a beamforming gain of a counterpart node,
and transmitting a message indicating a beamforming gain control to the counterpart
node if it is determined to control the beamforming gain.

In accordance with further another aspect of the present invention, a communication
node apparatus in a wireless communication system is provided. The apparatus
includes a controller for determining whether to control a beamforming gain and for
controlling the beamforming gain via change of a beam width if it is determined to
control the beamforming gain, and a communication unit for transmitting or receiving
a signal according to the controlled beamforming gain.

In accordance with still another aspect of the present invention, a communication
node apparatus in a wireless communication system is provided. The apparatus
includes a controller for determining whether to control a beamforming gain of a

counterpart node, and a communication unit for transmitting a message indicating a
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beamforming gain control to the counterpart node if it is determined to control the

beamforming gain of the counterpart node.
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 illustrates a transmission end and a reception end of a wireless communication
system according to the related art;

FIG. 2 illustrates beam training in a wireless communication system according to the
related art;

FIG. 3 illustrates a relation between a beam width and a beamforming gain in a
wireless communication system according to an exemplary embodiment of the present
invention;

FIG. 4 illustrates signal exchange for providing beamforming related capability in-
formation in a wireless communication system according to an exemplary embodiment
of the present invention;

FIG. 5 illustrates an uplink transmission beamforming gain control in a wireless com-
munication system according to an exemplary embodiment of the present invention;

FIG. 6 illustrates a downlink reception beamforming gain control in a wireless com-
munication system according to an exemplary embodiment of the present invention;

FIG. 7 illustrates an operating procedure of a Base Station (BS), for controlling a
transmission beamforming gain of a Mobile Station (MS) in a wireless communication
system according to an exemplary embodiment of the present invention;

FIG. 8 illustrates an operating procedure of an MS, for controlling a transmission
beamforming gain of the MS in a wireless communication system according to an
exemplary embodiment of the present invention;

FIG. 9 illustrates an operating procedure of a BS, for controlling a reception
beamforming gain of an MS in a wireless communication system according to an
exemplary embodiment of the present invention;

FIG. 10 illustrates an operating procedure of an MS, for controlling a reception
beamforming gain of the MS in a wireless communication system according to an
exemplary embodiment of the present invention;

FIG. 11 illustrates a BS in a wireless communication system according to an
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exemplary embodiment of the present invention;
FIG. 12 illustrates an MS in a wireless communication system according to an

exemplary embodiment of the present invention;

FIGs. 13A to 13C illustrate a beamforming apparatus according to a beamforming
method in a wireless communication system according to an exemplary embodiment of
the present invention; and

FIG. 14 illustrates an operating procedure of a communication node in a wireless
communication system according to an exemplary embodiment of the present
invention.

Throughout the drawings, like reference numerals will be understood to refer to like

parts, components 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
modifications of the embodiments described herein can be made without departing
from the scope and spirit of the invention. In addition, 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.

The present invention relates to an apparatus and method for controlling adaptive
beamforming gain in a wireless communication system. Exemplary embodiments of
the present invention provide a technology for performing beamforming more ef-
ficiently in a wireless communication system. Hereinafter, the present exemplary em-
bodiments are described using an Orthogonal Frequency Division Multiplexing
(OFDM) and/or an Orthogonal Frequency Division Multiple Access (OFDMA)
wireless communication system as an example. However, the present invention is not

limited thereto, and the exemplary embodiments may be applied to any suitable and or
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similar wireless communication system using beamforming.

According to an exemplary embodiment of the present invention, when an index of a
beam is determined via a beam training procedure, at least one of a transmission end
and a reception end may control a beamforming gain without changing a direction of
the beam. For controlling the beamforming gain, the transmission end or the reception
end may increase the beamforming gain by controlling a beam width.

FIG. 3 illustrates a relation between a beam width and a beamforming gain in a
wireless communication system according to an exemplary embodiment of the present
invention.

Referring to FIG. 3, in a Base Station (BS) 310, a beamforming gain value corre-
sponding to a beam width of Wgg; may be expressed by Ggg;, and a beamforming gain
value corresponding to a beam width of Wyg, may be expressed by Ggs,. Also, in a
Mobile Station (MS) 320, a beamforming gain value corresponding to a beam width of
Wusi may be expressed by Gusi, a beamforming gain value corresponding to a beam
width of Wy, may be expressed by Gus,, and a beamforming gain value corre-
sponding to a beam width of Wys; may be expressed by Gyss. At this point, relations of
‘Wpsi>Waps,” and ‘Gpsi<Ggs,” are met and relations of “Wysi1>Wyso>Wiyss and ‘Gusi<G
ms2<Gwmss” are met. That is, the beam width and the beamforming gains are inversely
proportional to each other.

In the present exemplary embodiment, it may be assumed that a fixed beamforming
gain value at the BS 310 is applied to beam training is Ggs; and a gain value of a fixed
beamforming at the MS 320 is Gys;. The BS 310 and the MS 320 may determine beam
indexes at states of the beamforming gains Ggs; and Gys;. After determining the beam
indexes, the BS 310 and the MS 320 may increase a beamforming gain value by con-
trolling a beam width. For example, when the BS 310 controls a beam width using W
Bs2, then the beamforming gain increases to Gggy. Also, when the MS 320 controls a
beam width using Wy;g3, then the beamforming gain increases to Gyss. When a
beamforming gain increases, a reception power value at a reception end increases even
more. Therefore, according to the present exemplary embodiment, a technique for
adaptively controlling a gain value of beamforming by controlling a beam width is
provided.

As illustrated in FIG. 3, the BS 310 and the MS 320 may control a beamforming gain
by controlling a beam width. Since the beamforming of the present exemplary em-
bodiment forms a beam by changing a phase for each antenna, the control of the beam
width may also be performed by changing of a phase for each antenna. Therefore, in
order to control the beam width, the MS 320 may possess a set of a plurality of phase
combinations. In a case of digital beamforming, the phase combination may be denoted

by a precoding matrix.
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The set of phase combinations may be stored in the MS 320 in advance. However,
the present invention is not limited thereto, and the set of phase combinations may be
provided as system information from the BS 310, or may be provided in any similar
and/or suitable manner. Also, according to another exemplary embodiment of the
present invention, the set of phase combinations may change under a control of a BS.

FIG. 4 illustrates signal exchange for providing beamforming related capability in-
formation in a wireless communication system according to an exemplary embodiment
of the present invention.

Referring to FIG. 4, a procedure for providing information regarding the
beamforming related capability includes three steps 401, 403, and 405. Among the
three steps, one of step 401 and step 405 may be omitted but the BS should obtain a
beamforming related capability of an MS 420 via the procedure of step 403. The
procedure for providing information regarding the beamforming related capability il-
lustrated in FIG. 4 may be performed as a portion of a network entry procedure. Par-
ticularly, the procedure for providing information regarding the beamforming related
capability illustrated in FIG. 4 may be performed as a portion of capability negotiation
of the network entry procedure. Each step illustrated in FIG. 4 is described below
specifically.

A BS 410 may request MS 420 to transmit information regarding beamforming
related capability in step 401. That is, the base station 410 transmits a capability
message request to the MS 420. The capability message request indicates a requested
item. For example, the capability message request may include a field represented in
Table 1.

Table 1
[Table 1]

Table 1

Field Descriptions

Beamforming Capability Information on beamforming that an MS may support.

Information

For another example, the capability message request may include at least one of
fields represented in Table 2.
Table 2
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[Table 2]
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Table 2

Field

Descriptions

Beamforming Gain

A request for information on beamforming gains that an

MS may support.

Number of Beams

A request for information on the number of beamforming

directions that an MS may support.

The MS 420 may transmit the information regarding the beamforming related ca-

pability to the base station 410 in step 403. In other words, the MS 420 transmits a ca-

pability message response to the base station 410. The capability message response

may include information regarding a control range of a beamforming gain. For

example, the capability message response may include at least one of fields rep-
resented in Table 3, Table 4, or Table 5.

Table 3
[Table 3]

Table 3

Field

Descriptions

Number of Beams

A request for information on the number of beamforming

directions that an MS may support.

Maximum Beamforming

Gain

Maximum value among beamforming gains that an MS

may support.

Minimum Beamforming

Gain

Minimum value among beamforming gains that an MS

may support.

Beamforming Gain Step

A difference between two adjacent beamforming gains

that an MS may support.

Table 4
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[Table 4]
Table 4
Field Descriptions
Number of Beams A request for information on the number of beamforming

directions that an MS may support.

Number of Available The number of beamforming gains that an MS may
Beamforming Gains support.

Gumsi Gain value of first beamforming.

Gumsn Gain value of N beamforming,

[57] Table 5

[Table 5]
Table 5
Field Descriptions
Number of Beams A request for information on the number of beamforming
directions that an MS may support.
Beamforming Precoding Precoding matrix set that an MS may support.
Matrix
[58] The base station 410 informs the MS 420 of beamforming related index information

in step 405. In other words, the base station 410 transmits capability message confirm
to the MS 420. For example, the capability message confirm may include at least one
of fields represented in Table 6 and Table 7.

[59] Table 6
[Table 6]

Table 6

Field Descriptions

Number of Beam Index Number of indices mapped to beams that an MS may

support.

Number of Beamforming  |Number of indices mapped to beamforming gains that an

Gain Index MS may support.

[60] Table 7
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[Table 7]
Table 7
Field Descriptions
Number of Beam Index Number of indices mapped to beams that an MS may
support.
Index of Beamforming Index of precoding matrix set that an MS may support.
Precoding Matrix Set

[61]

[62]

[63]

[64]

[65]

As in the procedure illustrated in FIG. 4, the base station 410 may adaptively control
a gain value of beamforming of the MS 420 by obtaining the number of available
beams, the number of beamforming gain values, and gain values of the MS 420, or by
obtaining information regarding a precoding matrix for beamforming.

FIG. 5 illustrates signal exchange for an uplink transmission beamforming gain
control in a wireless communication system according to an exemplary embodiment of
the present invention.

When beam training between a base station 510 and MS 520 is completed, at least
one of a beam index, a beamforming direction, and a beamforming gain value at the
MS 520 may be determined. The beam index may represent a beamforming direction
and a beamforming gain value prescribed between the base station 510 and the MS
520. The beam direction and the beamforming gain value determined via the beam
training procedure may be applied when the MS 520 transmits a signal to the base
station 510. The beam index may not change until a subsequent beam training
procedure is performed.

When transmitting uplink data, the MS 520 transmits a signal using a specific beam
direction, a specific beamforming gain value GMS_T, and a specific power value
PMS. Since the beamforming gain at the MS 520 may be a fixed value depending on a
kind of beamforming, the MS 520 may improve reception signal quality at the base
station 510 by controlling a transmission power value. However, according to an
exemplary embodiment of the present invention, in a case where the MS 520 has a di-
rectional antenna, the MS 520 may adaptively control a beamforming gain value as
well as the power value.

Referring to FIG. 5, the MS 520 transmits a signal to the base station 510 in step 501.
At this point, a transmission beamforming gain of the signal is GMS_T. Next, the base
station 510 calculates reception signal quality in step 503. The reception signal quality
may be a value of a Received Signal Strength (RSS), a Signal-to-Noise Ratio (SNR), a
Signal-to-Interface Ratio (SIR), a Signal-to-Interference and Noise Ratio (SINR), a Bit
Error Rate (BER), a Packet Error Rate (PER), or any other similar and/or suitable
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value, or may be a deviation or a variance representing an average amount of change of
the RSS, the SNR, the SIR, the SINR, the BER, the PER, or the any other similar and/
or suitable value. However, the present invention is not limited thereto, and the
reception signal quality may be a value representing mobility of the MS and may be a
movement velocity or a change value of a position of the MS.

Next, in step 505, the base station 510 transmits a beamforming gain control message
in order to increase or reduce a transmission beamforming gain to the MS 520. For
example, in the case where the base station 510, which has received a Radio Frequency
(RF) signal from the MS 520, determines that the reception signal quality is less than a
predetermined threshold and the reception signal quality may be improved, the base
station 510 may transmit a beamforming gain control message in order to increase a
transmission beamforming gain by a specific value, +f3, to the MS 520. On the
contrary, when determining that the reception signal quality is greater than the prede-
termined threshold, the base station 510 may transmit a message in order to not change
the beamforming gain or in order to reduce the beamforming gain by a specific value, -
[, to the MS 520. }; has a real number value. In the case where the gain is not
changed, [3; may be set to ‘0’. In a case of raising or lowering the transmission
beamforming gain, a Decibel (dB) unit may be used to express an increase or decrease
amount of a transmission beamforming gain.

Also, the beamforming gain control message may include Beamforming Gain
Control (BGC) information. According to an exemplary embodiment of the present
invention, the BGC information may include one or more bits. For example, in a case
where the BGC information includes 1 bit, ‘0’ may be defined as a command to lower
a transmission beamforming gain, and ‘1’ may be defined as a command to increase
the beamforming gain. For another example, in a case where the BGC information
includes 2 bits, ‘00’ may be defined as a command to lower the transmission
beamforming gain, ‘11’ may be defined as a command to increase the transmission
beamforming gain, and ‘01° and ‘10’ may be defined as a command to maintain the
transmission beamforming gain. For still another example, in the case where the BGC
information includes a plurality of bits, absolute values of the beamforming gain may
be allocated to a plurality of bit combinations. For example, in the case where the BGC
information includes 3 bits, ‘000 may be defined to indicate 0dB, ‘001’ to indicate
+1dB, ‘010’ to indicate +2dB, ‘011’ to indicate +3dB, ‘100’ to indicate -1dB, ‘101’ to
indicate -2dB, and ‘110’ to indicate -3dB. For another example, in the case where “the
number of beamforming gain indexes” field represented in Table 6 is used, a specific
beamforming gain value may be allocated to a specific bit stream. For example, ‘00’
may be allocated 0dB, ‘01" may be allocated 5dB, ‘10 may be allocated 10dB, and
‘11" may be allocated 20dB.
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Also, in case of controlling the beamforming gain using f3;, since the direction of a
signal transmitted by the MS 520 may change, a fine direction control parameter, o,
for beam direction control for more accurately controlling a beam direction that was
originally determined in the beam training, and a beamforming gain may be
transmitted. The fine direction control parameter o, may be information representing at
least one of a direction and an angle, or may be an index value representing at least one
of a direction and an angle prescribed between the base station 510 and the MS 520. A
specific value of o, may be determined as a value of a degree for controlling an error
value of a beam direction generated due to beamforming gain control by 3, without
greatly changing the direction of the beam determined during the beam training
process due to application of .

Also, since a transmission power value Py may change according to 3 and a, in-
formation regarding an amount of change in the power value AP may be also included
in the beamforming gain control signal. At this point, the base station 510 may not
directly transmit [3, o, and AP, but rather, other types of values may be used. For
example, in order to control [3, o, and AP, the base station 510 may use an index
mapped to the beamforming gain and the direction prescribed between the base station
510 and the MS 520 or the base station 510 may use an index of a precoding matrix. In
other words, the base station 510 may transmit the index instead of directly
transmitting [3, o, and AP. The precoding matrix may be formed of values capable of
controlling the magnitude and phase of a digital signal at a digital end, or may be
formed of values controlling the magnitude and phase of an analog signal at an end
right before an antenna.

In step 507, the MS 520 may transmit a signal using a transmission beamforming
gain controlled according to an indication of the base station 510. In other words, the
MS 520 may transmit a signal reflecting the beamforming gain in step 507. That is, the
transmission beamforming gain may be Gyg -3, or Gys =+ For example, in a case of
increasing the transmission beamforming gain, the MS 520 may reduce a width of a
transmission beam. In a case of reducing the transmission beamforming gain, the MS
520 may increase the width of the transmission beam. In other words, the MS 520 may
form a transmission beam according to a changed beam width.

In the present exemplary embodiment described with reference to FIG. 5, the base
station 510 may increase a transmission beamforming gain of the MS 520 in order to
raise reception signal quality. However, depending on a communication environment,
reducing the transmission beamforming gain, that is, widening the beam width, may
increase the reception signal quality. In other words, a correlation between a
comparison result of the signal quality and the threshold and transmission

beamforming gain increase or decrease may change depending on a communication
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the base station 510 and the MS 520 is in a Line Of Sight (LOS) environment or in a
Non-LOS (NLOS) environment. Specifically, in a case where the radio channel of the
base station 510 and the MS 520 is in the LOS environment, raising a transmission
beamforming gain, that is, narrowing a beam width, may increase reception intensity.
On the contrary, in a case where the radio channel is in the NLOS environment,
lowering the transmission beamforming gain within a predetermined range, that is,
widening the beam width, may increase the reception intensity because the number of
multi-paths may increase when the beam width widens. Whether the radio channel is in
the LOS or the NLOS environment may be determined using an amount of change in a
channel. Therefore, though not shown in FIG. 5, the base station 510 may determine
whether the radio channel is in the LOS or the NLOS environment by comparing an
amount of change in the channel with a specific threshold, and the base station 510
may increase or reduce the transmission beamforming gain according to a correlation
corresponding to the determination result.

For another example, the correlation may change according to the movement velocity
of the MS 520. Specifically, in a case where the movement velocity of the MS 520 is
less than a specific threshold, raising the transmission beamforming gain, that is,
narrowing the beam width, may increase reception intensity. On the contrary, in a case
where the movement velocity of the MS 520 is greater than the specific threshold,
reducing the transmission beamforming gain within a predetermined range, that is,
widening the beam width, may increase the reception intensity. The base station 510
may determine the movement velocity of the MS 520 according to position in-
formation measured or reported by the MS 520, or according to an amount of change
in the channel. Therefore, though not shown in FIG. 5, the base station 510 may
estimate the movement velocity of the MS 520 and may compare the movement
velocity with a specific threshold, and then may increase or decrease the transmission
beamforming gain according to a correlation corresponding to the comparison result.

FIG. 6 illustrates signal exchange for a downlink reception beamforming gain control
in a wireless communication system according to an exemplary embodiment of the
present invention.

Referring to FIG. 6, when transmitting downlink data, a base station 610 transmits a
signal, and MS 620 receives a signal using a specific beam direction and a specific
reception beamforming gain value Gys . At this point, in a case where the MS 620
uses directional beamforming, the MS 620 may control the reception beamforming
gain value.

In step 601, the base station 610 may transmit an RF signal to the MS 620. At this
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point, the reception beamforming gain of the signal is Gys &. In addition, the MS 620
that has received the RF signal from the base station 610 may measure reception signal
quality in step 603, and then, in step 605, the MS 620 may report the signal quality to
the base station 610. The reception signal quality may be a value of a RSS, SNR, SIR,
SINR, BER, PER, and any other similar and/or suitable value, or may be a deviation or
a variance representing an average amount of change in the RSS, SNR, SIR, SINR,
BER, PER, and the any other similar and/or suitable value. Alternatively, according to
an exemplary embodiment of the present invention, the reception signal quality may be
a value representing the mobility of the MS 620 and may be a movement velocity or a
change value of a position of the MS 620.

The base station 610, which has received the reception signal quality, may transmit a
beamforming gain control message in order to increase or reduce the reception
beamforming gain in step 607. For example, in a case where the base station 610 de-
termines that the reported reception signal quality is less than a predetermined
threshold, and determines that the reception signal quality should be improved, then
the base station 610 may transmit a beamforming gain control message to the MS 620
in order to increase the reception beamforming gain by a specific value +f,. On the
contrary, in a case where the base station 610 determines that the reported reception
signal quality is greater than the predetermined threshold, the base station 610 may
transmit a beamforming gain control message to the MS 620 in order to reduce the
reception beamforming gain by a specific value -f3,. 3, has a real number value. In a
case where the gain is not controlled, or in other words, the gain is not change, 3, may
be set to ‘0.

Also, in a case of controlling the beamforming gain using f3,, since the direction of a
signal transmitted by the MS 620 may change, a fine direction control parameter o,
which is for beam direction control that is capable of more accurately controlling a
beam direction determined in the original beam training, as well as a beamforming
gain may be transmitted. The fine direction control parameter ¢, may be information
representing at least one of a direction and an angle, or may be an index value rep-
resenting at least one of a direction and an angle prescribed between the base station
610 and the MS 620. A specific value of a, may be determined as a value of a degree
for controlling an error value of a beam direction generated due to beamforming gain
control by 3, without greatly changing a direction of the beam determined during the
beam training process due to application of a..

At this point, the base station 610 may not directly transmit [3,and «,, but rather, other
types of values may be used. For example, in order to control f3; and ., the base station
610 may use an index mapped to the beamforming gain and direction prescribed

between the base station 610 and the MS 620 or may use an index of a precoding
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matrix. In other words, the base station 610 may transmit the index instead of directly
transmitting 3, and o,.. The precoding matrix may be formed of values for controlling a
magnitude and a phase of a digital signal at a digital end, or may be formed of values
for controlling the magnitude and the phase of an analog signal at an end or location
disposed right before an antenna.

Next, in step 607, the MS 620 may transmit a signal using a reception beamforming
gain controlled according to an indication of the base station 610. That is, the reception
beamforming gain is Gy z-P: or Gys r+P:. For example, in a case of increasing the
reception beamforming gain, the MS 620 may reduce the width of a reception beam. In
a case of reducing the reception beamforming gain, the MS 620 may increase the width
of the reception beam. In other words, the MS 620 may form a reception beam
according to a changed beam width.

In the present exemplary embodiment described with reference to FIG. 6, the base
station 610 may increase a reception beamforming gain of the MS 620 in order to raise
reception signal quality. However, depending on a communication environment,
reducing the reception beamforming gain, that is, widening the beam width, may
increase the reception signal quality. In other words, a correlation between a
comparison result of the signal quality and the threshold and reception beamforming
gain increase or decrease may change according to a communication environment.

For example, in a case where there is more than one base station 610, which are
referred to as the base stations 610, so as to provide multi-path communication, the
correlation may change according to whether a radio channel of the base stations 610
and the MS 620 is in a Line Of Sight (LOS) environment or in a Non-LOS (NLOS) en-
vironment. Specifically, in a case where the radio channel of the base stations 610 and
the MS 620 is in the LOS environment, raising a reception beamforming gain, that is,
narrowing a beam width, may increase reception intensity. On the contrary, in a case
where the radio channel is in the NLOS environment, lowering the reception
beamforming gain within a predetermined range, that is, widening the beam width,
may increase the reception intensity because a number of multi-paths may increase
when the beam width widens. Whether the radio channel is in the LOS or the NLOS
environment may be determined using an amount of change in a channel. Therefore,
although not shown in FIG. 9, the base stations 610 may determine whether the radio
channel is in the LOS or the NLOS by comparing an amount of change in the channel
with a specific threshold, and the base stations 610 may increase or reduce the
reception beamforming gain according to a correlation corresponding to the deter-
mination result.

For another example, the correlation may change according to the movement velocity

of the MS 620. Specifically, in a case where the movement velocity of the MS 620 is
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less than the specific threshold, raising the reception beamforming gain, that is,
narrowing the beam width, may increase reception intensity. On the contrary, in a case
where the movement velocity of the MS 620 is greater than the specific threshold,
reducing the reception beamforming gain within a predetermined range, that is,
widening the beam width, may increase the reception intensity. The base stations 610
may determine the movement velocity of the MS 620 according to position in-
formation measured or reported by the MS 620, or according to an amount of change
in the channel. Therefore, although not shown in FIG. 9, the base stations 610 may
estimate the movement velocity of the MS 620 and may compare the movement
velocity with a specific threshold, and then, the base stations 610 may increase and/or
decrease the reception beamforming gain according to a correlation corresponding to
the comparison result.

In the exemplary embodiments of the present invention described with reference to
FIGs. 5 and 6, an increase or decrease amount of a beamforming gain, and a
beamforming gain value, are directly expressed in unit of dB. However, the present
invention is not limited thereto, and the increase or decrease amount of the
beamforming gain, and the beamforming gain value, may be expressed using a beam
width.

Also, in the exemplary embodiments of the present invention described with
reference to FIGs. 5 and 6, the base station 510/610 may determine whether to control
a beamforming gain. However, the present invention is not limited thereto, and the MS
520/620 may determine whether to control a beamforming gain. In such a case, the MS
520/620 may compare reception signal quality with a threshold and may determine
whether to control the beamforming gain according to the comparison result. In the
case where the beamforming gain control is determined, the MS 520/620 may control
the beamforming gain of the MS 520/620 or may request the base station 510/610 in
order to control the beamforming gain of the base station 510/610.

Also, in the exemplary embodiments of the present invention described with
reference to FIGs. 5 and 6, the base station 510/610 may request the MS 520/620 to
control the beamforming gain. However, according to another exemplary embodiment
of the present invention, the base station 510/610 may not request the MS to control
the beamforming gain but, rather, control the beamforming gain of the base station
510/610.

Also, in the exemplary embodiments of the present invention described with
reference to FIGs. 5 and 6, the base station 510/610 may determine whether to control
the beamforming gain using signal quality. However, according to another exemplary
embodiment of the present invention, the base station 510/610 may estimate a mobility

of the MS 520/620, and may determine whether to control the beamforming gain
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depending according to the mobility of the MS 520/620. For example, the mobility
may be estimated via a change degree of signal quality or may be estimated via a
position estimation of the MS 520/620. For example, the position estimation may be
determined via a Global Positioning System (GPS). That is, in a case where the
mobility is large, the beamforming gain control, which in this case may be a beam
width reduction, may hinder reception power improvement. Therefore, in the case
where the mobility is large, the base station 510/610 may determine to not control the
beamforming gain.

FIG. 7 illustrates an operating procedure of a base station, for controlling a
transmission beamforming gain of MS in a wireless communication system according
to an exemplary embodiment of the present invention.

Referring to FIG. 7, the base station receives a signal, such as an RF signal, from an
MS via a radio channel in step 701. Here, the MS transmits a signal having direc-
tionality via beamforming. When receiving the signal from the MS, the base station
may perform reception beamforming.

After receiving the signal, the base station proceeds to step 703 in order to measure a
signal quality of the signal sent by the MS. For example, the signal may be one of a
traffic signal for data transfer, a control signal for control information transfer, a
sounding signal for channel estimation, a pilot signal, or any other similar and/or
suitable signal transmitted from an MS to a BS. The signal quality may be any of the
signal quality values discussed with reference to FIGs. 5 and 6.

Subsequently, the base station proceeds to step 705 and may compare the measured
signal quality with a threshold. Here, the threshold may be one value or a plurality of
values and represents an objective, or predetermined, reception signal quality. After
performing the comparison, the base station proceeds to step 707 in order to transmit a
control signal for a transmission beamforming gain of the MS according to the result of
the comparison with the at least one threshold. In other words, the base station may
transmit a control message indicating an increase or decrease of the transmission
beamforming gain. Correlation between the comparison result and increase or decrease
of the transmission beamforming gain may change according to a signal quality value
that is in use, or other similar factors.

According to an exemplary embodiment of the present invention, in a case where the
measured signal quality is less than the threshold, the base station may transmit a
control message in order to increase the transmission beamforming gain of the MS by a
specific value +f3,. On the contrary, the measured signal quality may be equal to or
greater than the threshold, and the base station may transmit a control message in order
to reduce the transmission beamforming gain of the MS by a specific value -3, or may

transmit a control message in order to maintain the transmission beamforming gain of
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the MS. For example, in the case where the measured signal quality is greater than the
threshold and greater than the other threshold, then the base station may transmit a
control message in order to reduce the transmission beamforming gain. In a case where
the measured signal quality is greater than the threshold but less than the other
threshold, then the base station may transmit a control message in order to maintain the
transmission beamforming gain.

According to another exemplary embodiment of the present invention, in a case
where the measured signal quality is less than the threshold, then the base station may
transmits a control message in order to reduce the transmission beamforming gain of
the MS by a specific value -3.. In addition, in a case where the measured signal quality
is equal to or greater than the threshold, then the base station may transmit a control
message in order to increase the transmission beamforming gain of the MS by a
specific value +f, or in order to maintain the transmission beamforming gain. For
example, in a case where the measured signal quality is greater than the threshold and
greater than the other threshold, the base station may transmit a control message in
order to increase the transmission beamforming gain. In a case where the measured
signal quality is greater than the threshold but less than the other threshold, the base
station may transmit a control message in order to maintain the transmission
beamforming gain.

As described above, the correlation between a comparison result of the signal quality
and the threshold and transmission beamforming gain increase or decrease may
change. Accordingly, in order to determine whether to control the transmission
beamforming gain according to the correlation, the base station may further determine
whether a radio channel with the MS is in a LOS environment or whether the
movement velocity of the MS exceeds a specific threshold.

In the above exemplary embodiments, in the cases of an increase, a decrease, and
maintenance or not changing of the transmission beamforming gain, a control message
is transmitted. However, according to another exemplary embodiment of the present
invention, the base station may transmit the control message only in case of increasing
the transmission beamforming gain, without consideration of reduction or maintenance
of the transmission beamforming gain. That is, the transmission beamforming gain
control of the MS may be performed only in order to increase the gain. Also, in
addition to a parameter indicating an increase or decrease of the gain, the control
message may further include at least one of a fine direction control parameter o, for
controlling a beam direction and an amount of change in a transmission power value
AP.

FIG. 8 illustrates an operating procedure, of an MS, for controlling a transmission

beamforming gain of the MS in a wireless communication system according to an
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exemplary embodiment of the present invention.

Referring to FIG. 8, the MS may transmit a signal, such as an RF signal, to a base
station via a radio channel in step 801. For example, the signal may be one of a traffic
signal for data transfer, a control signal for control information transfer, a sounding
signal for channel estimation, a pilot signal, and any other similar and/or suitable
signal that may be sent from the MS to the BS.

After that, the MS proceeds to step 803 in order to receive, from the base station, a
control message indicating transmission beamforming gain control. The control
message may indicate an increase, a decrease, or a maintaining of the transmission
beamforming gain. In the case of indicating an increase or a decrease of the
transmission beamforming gain, the control message may include at least one of an
amount of increase, an amount of decrease, and a gain value after an increase or
decrease. In the case of indicating the maintaining of the transmission beamforming
gain, the control message may include at least one of the amount of increase or
decrease being set to ‘0’, and information indicating that there is no change to the
transmission beamforming gain. According to another exemplary embodiment of the
present invention, in the case of indicating the maintaining of the transmission
beamforming gain, the control message may not be received.

Subsequently, the MS proceeds to step 805 in order to control the transmission
beamforming gain according to the indication of the control message. For example, in
the case where the control message includes control information for increasing the
transmission beamforming gain of the MS by a specific value +f3,, the MS may control
the gain of the transmission beamforming using a value obtained by adding +f3, to a
current transmission beamforming gain. On the contrary, in the case where the control
message includes control information for reducing the transmission beamforming gain
of the MS by a specific value -3, then the MS may control the gain of the transmission
beamforming using a value obtained by subtracting {3, from the current transmission
beamforming gain of the MS. Also, in the case where the control message is not
received or a maintaining of the current transmission beamforming gain is indicated,
the MS may continue to maintain the current transmission beamforming gain of the
MS.

In addition to a parameter indicating an increase or decrease of the transmission
beamforming gain, the control message may further include at least one of a fine
direction control parameter o, for controlling a beam direction and an amount of
change in a transmission power value AP. In this case, the MS may further control the
beam direction and the power value.

FIG. 9 illustrates an operating procedure, of a base station, for controlling a reception

beamforming gain of an MS in a wireless communication system according to an
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exemplary embodiment of the present invention.

Referring to FIG. 9, the base station may transmit a signal, such as an RF signal, to
the MS via a radio channel in step 901. For example, the signal may be one of a traffic
signal for data transfer, a control signal for control information transfer, a pilot signal
for channel estimation, a synchronization signal for obtaining synchronization, and any
other signal that may be transmitted from a base station to an MS.

After that, the base station proceeds to step 903 in order to receive a report of signal
quality measured by the MS with respect to the signal. For example, the signal quality
report may be received via a feedback channel allocated by the base station, any the
signal quality may include at least one of RSS, SNR, SIR, SINR, BER, and PER, or
may include at least one of a deviation and a variance representing an average amount
of change of the RSS, SNR, SIR, SINR, BER, and PER. Alternatively, according to
another exemplary embodiment of the present invention, the reception signal quality
may be a value representing the mobility of the MS and may be a movement velocity
or a change value of a position of the MS.

Next, the base station proceeds to step 905 in order to compare the reported signal
quality with a threshold. Here, the threshold may be one value or a plurality of values.
The threshold represents object reception signal quality.

After performing the comparison in step 905, the base station proceeds to step 907 in
order to transmit a control signal for the reception beamforming gain of the MS
according to a result of comparison of the signal quality with the at least one threshold.
In other words, the base station may transmit a control message indicating an increase
or decrease of the reception beamforming gain. Correlation between the comparison
result and the increase or decrease of the reception beamforming gain may change
according to a specific exemplary embodiment. For example, the correlation may
depend on what type of signal quality measurement is in use.

According to an exemplary embodiment of the present invention, in a case where the
measured signal quality is less than the threshold, the base station may transmit a
control message in order to increase a reception beamforming gain of the MS by a
specific value +f3,. On the contrary, in a case where the measured signal quality is
equal to or greater than the threshold, the base station may transmit a control message
in order to reduce the reception beamforming gain of the MS by a specific value -f3, or
may transmit a control message in order to maintain, i.e., not change, the reception
beamforming gain of the MS. For example, in a case where the measured signal quality
is greater than the threshold and greater than another threshold, the base station may
transmit a control message in order to reduce the reception beamforming gain. In a
case where the measured signal quality is greater than the threshold but less than

another threshold, the base station may transmit a control message in order to maintain
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the reception beamforming gain.

According to another exemplary embodiment of the present invention, in a case
where the measured signal quality is less than the threshold, the base station may
transmit a control message ordering to reduce the reception beamforming gain of the
MS by a specific value -f.. In addition, in a case where the measured signal quality is
equal to or greater than the threshold, the base station may transmit a control message
in order to increase the reception beamforming gain of the MS by a specific value +f3,
or in order to maintain the reception beamforming gain of the MS. For example, in a
case where the measured signal quality is greater than the threshold and greater than
another threshold, the base station may transmit a control message in order to increase
the reception beamforming gain. In a case where the measured signal quality is greater
than the threshold but less than another threshold, the base station may transmit a
control message in order to maintain the reception beamforming gain.

As described above, the correlation between a comparison result of the signal quality
and the threshold and the reception beamforming gain increase or decrease may
change. Accordingly, in order to determine whether to control the reception
beamforming gain according to the correlation, the base station may further determine
whether a radio channel with the MS is in a LOS environment or whether the
movement velocity of the MS exceeds a specific threshold.

In the above exemplary embodiments, in the cases of an increase, a decrease, and
maintenance of the reception beamforming gain, a control message is transmitted.
However, according to another exemplary embodiment of the present invention, the
base station may transmit the control message only in case of increasing the reception
beamforming gain without consideration of decreasing or maintaining the reception
beamforming gain. That is, according to an exemplary embodiment, the reception
beamforming gain control of the MS may be performed only in order to increase the
gain. Also, in addition to a parameter indicating an increase or decrease of the
reception beamforming gain, the control message may further include at least one of a
fine direction control parameter a, for controlling a beam direction.

FIG. 10 illustrates an operating procedure, of an MS, for controlling a reception
beamforming gain of the MS in a wireless communication system according to an
exemplary embodiment of the present invention.

Referring to FIG. 10, the MS may receive a signal, such as an RF signal, from a base
station via a radio channel and may measure signal quality of the received signal in
step 1001. For example, the signal may be one of a traffic signal for data transfer, a
control signal for control information transfer, a sounding signal for channel es-
timation, a pilot signal or any other similar and/or suitable signal that may be

transmitted from a base station to an MS.
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Subsequently, the MS proceeds to step 1003 in order to transmit a report of the
measured signal quality to the base station. For example, the report of the signal
quality may be transmitted via a feedback channel allocated by the base station, and
the signal quality may include at least one of RSS, SNR, SIR, SINR, BER, and PER, or
may include at least one of a deviation and a variance representing an average amount
of change of the RSS, SNR, SIR, SINR, BER, and PER. Alternatively, according to
another exemplary embodiment of the present invention, the reception signal quality
may be a value representing the mobility of the MS and may be a movement velocity
or a change value of a position of the MS.

After that, the MS proceeds to step 1005 in order to receive, from the base station, a
control message for controlling the reception beamforming gain. The control message
may indicate an increase, a decrease, or a maintaining of the reception beamforming
gain. In the case where the control message indicates an increase or a decrease of the
reception beamforming gain, the control message may include at least one of an
amount of increase, an amount of decrease, and a gain value after increase or decrease.
In the case where the control message indicates the maintaining of the reception
beamforming gain, the control message may include at least one of an amount of
increase or an amount of decrease as being set to ‘0’ and information indicating the
maintaining of the reception beamforming gain. According to another exemplary em-
bodiment of the present invention, in a case where the control message indicates
maintaining of the reception beamforming gain, the control message may be not
transmitted and/or not received.

Next, the MS proceeds to step 1007 in order to control the reception beamforming
gain according to the indication of the control message. For example, in a case where
the control message includes control information for increasing the reception
beamforming gain of the MS by a specific value +f3,, then the MS may control the gain
of the reception beamforming using a value obtained by adding +f, to the current
reception beamforming gain. On the contrary, in a case where the control message
includes control information for reducing the reception beamforming gain of the MS
by a specific value -f3,, then the MS may control the gain of the reception beamforming
using a value obtained by subtracting -3, from the current reception beamforming gain
of the MS. Also, in a case where the control message is not received or maintaining of
the current reception beamforming gain is indicated, then the MS may continue to
maintain the current reception beamforming gain of the MS.

In addition to a parameter indicating an increase or decrease of the reception
beamforming gain, the control message may further include a fine direction control
parameter a, for controlling a beam direction. In this case, the MS may further control

the beam direction.
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FIG. 11 is a block diagram illustrating a base station in a wireless communication
system according to an exemplary embodiment of the present invention.

Referring to FIG. 11, the base station may include a communication unit 1110, a
storage unit 1120, and a controller 1130. The communication unit 1110 may transmit
and/or receive a signal, such as an RF signal, via a radio channel. For example, the
communication unit 1110 may include a digital block (not shown) and an RF block
(not shown). The digital block may include an encoder, a decoder, a Digital-to-Analog
Convert (DAC), and other similar and/or suitable elements for signal communication.
The RF block may include an amplifier, a mixer, an oscillator, and other similar and/or
suitable elements for signal communication. Also, according to an exemplary em-
bodiment of the present invention, the communication unit 1110 may include an
element for transmission beamforming and an element for reception beamforming. The
element for beamforming is described in detail with reference to FIGs. 13A to 13C.
The storage unit 1120 may store at least one program used for operating the base
station, as well as setting information, and other similar and/or suitable information
stored for operation of the base station.

The controller 1130 may control overall functions of the base station. For example,
the controller 1130 may perform a beam training procedure. Also, the controller 1130
may control the communication unit 1110 in order to perform beamforming according
to a beam index determined via the beam training procedure. Particularly, according to
an exemplary embodiment of the present invention, the controller 1130 may perform a
beamforming gain control procedure, and may control the communication unit 1110 in
order to control a beamforming gain according to a gain value determined via the
beamforming gain control procedure. For the beamforming gain control procedure, the
controller 1130 may include a signal quality measure unit 1132 for measuring signal
quality of an uplink signal, a beamforming gain determination unit 1134 for de-
termining whether to control a beamforming gain and an amount of change of the
beamforming gain, and a control message processor 1136 for generating a control
message for informing the determined amount of change. The operation of the
controller 1130, for the beamforming gain control procedure is described below in
detail.

In a case of an uplink beamforming gain control, the controller 1130 may measure
signal quality of an uplink signal received from the MS via a radio channel, and may
compare the measured signal quality with a threshold. Also, in a case of a downlink
beamforming gain control, the controller 1130 may transmit a signal to the MS using
the radio channel via the communication unit 1110, and may then receive a report on a
signal quality measured by the MS with respect to the signal. Subsequently, the
controller 1130 may compare the reported signal quality with a threshold. In addition,
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the controller 1130 may determine an increase or decrease of the transmission
beamforming gain of the MS according to the comparison result of the signal quality
and the threshold, and may transmit the control message indicating the increase or
decrease of the transmission beamforming gain via the communication unit 1110.

A correlation between the comparison result and the increase or decrease of the
transmission and/or reception beamforming gain may change according to a specific
exemplary embodiment. According to an exemplary embodiment of the present
invention, in a case where the measured signal quality is less than the threshold, the
controller 1130 may determine to increase the transmission and/or reception
beamforming gain of the MS by a specific value +3.. In a case where the measured
signal quality is equal to or greater than the threshold, the controller 1130 determines
to reduce the transmission and/or reception beamforming gain of the MS by a specific
value -f3, or may determine to maintain the transmission and/or reception beamforming
gain of the MS. According to an exemplary embodiment of the present invention, in a
case where the measured signal quality is less than the threshold, the controller 1130
may determine to reduce the transmission and/or reception beamforming gain of the
MS by a specific value -B. In a case where the measured signal quality is equal to or
greater than the threshold, the controller 1130 may determine to increase the
transmission and/or reception beamforming gain of the MS by a specific value +f3, or
may determine to maintain the transmission and/or reception beamforming gain of the
MS.

Also, in order to determine whether to control the transmission and/or reception
beamforming gain according to the correlation, the controller 1130 may further
determine whether a radio channel with the MS is in a LOS environment or whether
the movement velocity of the MS exceeds a specific threshold.

In the above exemplary embodiments, in cases of an increase, a decrease, and
maintenance of the transmission and/or reception beamforming gain, a control message
is transmitted. However, according to another exemplary embodiment of the present
invention, the controller 1130 may transmit the control message only in a case of in-
creasing the transmission beamforming gain without consideration of reducing or
maintaining the transmission beamforming gain. In other words, in the case where the
reported signal quality is equal to or greater than the threshold, the controller 1130 may
not transmit the control message.

FIG. 12 is a block diagram illustrating an MS in a wireless communication system
according to an exemplary embodiment of the present invention.

Referring to FIG. 12, the MS includes a communication unit 1210, a storage unit
1220, and a controller 1230. The communication unit 1210 may transmit and/or

receive a signal via a radio channel. For example, the communication unit 1210 may
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include a digital block (not shown) and an RF block (not shown). The digital block
may include an encoder, a decoder, a DAC, and other similar and/or suitable elements
for signal communications. The RF block may include an amplifier, a mixer, an os-
cillator, and other similar and/or suitable elements for signal communications. Also,
according to an exemplary embodiment of the present invention, the communication
unit 1210 may include an element for transmission beamforming and an element for
reception beamforming. The element for beamforming is described in detail with
reference to FIGs. 13A to 13C. The storage unit 1220 may store at least one program
used for operating the MS, as well as setting information, and any other similar and/or
suitable information used for operating the MS.

The controller 1230 may control overall functions of the MS. For example, the
controller 1230 may perform a beam training procedure. Also, the controller 1230 may
control the communication unit 1210 in order to perform beamforming according to a
beam index determined via the beam training procedure. Particularly, according to an
exemplary embodiment of the present invention, the controller 1230 may perform a
beamforming gain control procedure, and may control the communication unit 1210 in
order to control a beamforming gain according to a gain value determined via the
beamforming gain control procedure. Furthermore, the controller 1230 may include a
signal quality measure unit 1232 for measuring signal quality of a downlink signal, and
a control message processor 1234 for determining whether a beamforming gain
changes or an amount of change of the beamforming gain by analyzing a control
message received from the base station. An operation of the controller 1230, for the
beamforming gain control procedure, is described below in detail.

In a case of an uplink beamforming gain control, the controller 1230 may transmit a
signal to the base station using a radio channel via the communication unit 1210, and
then may receive a control message for controlling transmission beamforming gain
from the base station. Subsequently, the controller 1230 may control the transmission
beamforming gain according to indication of the control message. For example, in a
case where the control message includes control information for increasing the
transmission beamforming gain of the MS by +f3,, the controller 1230 may control the
gain of the transmission beamforming using a value obtained by adding +f3 to the
current transmission beamforming gain. On the contrary, in a case where the control
message includes control information for reducing the transmission beamforming gain
of the MS by a specific value -f3, the controller 1230 may control the gain of the
transmission beamforming using a value obtained by subtracting 3, from the current
transmission beamforming gain of the MS. Also, in a case where the control message
is not received or maintaining of the current transmission beamforming gain is

indicated, the controller 1230 may continue to maintain the current transmission
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beamforming gain of the MS.

In a case of a downlink beamforming gain control, the controller 1230 may receive a
signal from the base station via a radio channel, may measure signal quality of the
received signal, and may then transmits a report of the measured signal quality to the
base station via the communication unit 1210. After that, the controller 1230 may
receive a control message for controlling a reception beamforming from the base
station. In addition, the controller 1230 may control the reception beamforming gain
according to the indication of the control message. For example, in a case where the
control message includes control information for increasing the reception beamforming
gain of the MS by +f3,, the controller 1230 may control the gain of the reception
beamforming using a value obtained by adding +f3, to the current reception
beamforming gain. On the contrary, in a case where the control message includes
control information for reducing the reception beamforming gain of the MS by a
specific value -f3, the controller 1230 may control the gain of the reception
beamforming using a value obtained by subtracting f3; from the current reception
beamforming gain of the MS. Also, in a case where the control message is not received
or maintaining of the current reception beamforming gain is indicated, the controller
1230 may continue to maintain the current reception beamforming gain of the MS.

In a case where the MS uses a beamforming technique in order to control the gain of
the transmission and reception beamforming, the construction of the transceiver for an
RF signal and beamforming are described in detail with reference to FIGs. 13A to 13C.

FIGs. 13A to 13C are block diagrams illustrating a beamforming apparatus according
to a beamforming method in a wireless communication system according to an
exemplary embodiment of the present invention.

Beamforming may be classified into digital beamforming and analog beamforming
according to a point at which the beamforming is performed. The digital beamforming
and the analog beamforming differ according to whether a beamforming parameter for
determining a beam direction is determined before a Digital-to-Analog Converter
(DAC) or after the DAC. In a case of the digital beamforming, the beamforming
parameter may be multiplied by a bit stream before the DAC. On the contrary, in a
case of the analog beamforming, the beamforming parameter controls a magnitude and
a phase of each signal to be transmitted via each antenna after the DAC. Also, in a case
where both the digital beamforming and the analog beamforming are performed, mixed
beamforming is also possible.

FIG. 13A illustrates a block diagram of an apparatus for performing digital
beamforming. Referring to FIG. 13A, an information bit stream may be converted into
a complex symbol stream via an encoder 1311 and a modulator 1312. The bit stream

may be successive information values having a value of ‘0’ or ‘1’, and the bit stream
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may be one or more bit streams input to each independent path. In a case where an in-
dependent bit stream is transmitted for each antenna, complex symbols may be mul-
tiplexed and provided to each path. In a case where the same bit stream is transmitted
from all antennas, the same complex symbols may be provided to all paths. The
complex symbols may be multiplied by beamforming parameters Wdl,...,WdN by
precoders 1313-1 to 1313-N of each path, and then converted to Orthogonal Frequency
Division Multiplexing (OFDM) symbols via Inverse Fast Fourier Transform (IFFT)
operators 1314-1 to 1314-N, Parallel to Serial (P/S) converters 1315-1 to 1315-N, and
Cyclic Prefix (CP) insertion units 1316-1 to 1316-N. After that, the OFDM symbols,
which are digital signals, may be converted to analog signals by DACs 1317-1 to
1317-N. After that, analog signals of respective paths may be converted to RF signals
by mixers 1319-1 to 1319-N, and amplified via Power Amplifiers (PAs) 1320-1 to
1320-N, and then transmitted via respective ones on N antennas. As described above,
in a case of the digital beamforming, the DAC 1319 is provided for each antenna, and a
beamforming parameter is multiplied by a complex symbol before the DAC 1319.
Therefore, in a case where the number of antennas are N, the beamforming parameters
of the digital beamforming become Wdl,...,WdN, and each factor of the parameter is
also a complex number. Also, in a case where a plurality of antenna groups form one
antenna, a Multiple Input Multiple Output (MIMO) technique may be applied. In this
case, beamforming parameters of Wdl,...,WdN are defined for each antenna group,
and each factor of the beamforming parameter becomes a matrix or a vector value
formed of complex numbers. In a case where the MIMO technique is applied, besides
the precoders 1313-1 to 1313-N for the beamforming, a precoder block for the MIMO
technique may exist independently from the beamforming precode blocks 1313-1 to
1313-N.

FIG. 13B illustrates a block diagram of an apparatus for performing analog
beamforming. Referring to FIG. 13B, an information bit stream may be converted to
complex symbols via an encoder 1321 and a modulator 1322. The bit stream may be
successive information values having a value of ‘0’ or ‘1°. The complex symbols may
be converted to OFDM symbols via IFFT operator 1323, P/S converter 1324, and CP
insert unit 1325. After that, the OFDM symbols, which are digital signals, may be
converted to analog signals by a DAC 1326, and converted to RF signals via a mixer
1327. The RF signal may be input to a path of each antenna, then its magnitude and
phase are changed by phase/magnitude converters 1328-1 to 1328-N, then the RF
signal is amplified via PAs 1329-1 to 1329-N, and then transmitted via each of N
antennas. As described above, the analog beamforming may determine the direction of
a beam to be transmitted at each antenna by channel-coding, modulating, and analog-

converting an information bit stream, and then changing the magnitude or phase of the
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analog signal before the signal is transmitted at the antenna. For example, in a case
where beamforming parameters for each antenna are Wal,...,WaN, each factor of the
beamforming parameter includes at least one of a magnitude value and a phase value
of a signal for each antenna. The analog beamforming may change the magnitude
value and the phase value simultaneously, or control only the phase value. Also, in a
case where a plurality of antenna groups forms one antenna, the MIMO technique may
be applied. In this case, beamforming parameters of Wal,...,WaN are defined for each
antenna group, and each factor of the beamforming parameter becomes a matrix or a
vector value formed of at least one of the magnitude or the phase value of a signal for
each antenna group.

FIG. 13C illustrates a block diagram of an apparatus for performing mixed
beamforming. Referring to FIG. 13C, an information bit stream may be converted into
complex symbols via an encoder 1331 and a modulator 1332. The bit stream may be
successive information values having a value of ‘0’ or ‘1°, and the bit stream may be
one or more bit streams input to each independent path. Similarly to FIG. 13A, the
complex symbols may be multiplied by beamforming parameters Wdl,...,WdN by
precoders 1333-1 to 1333-N of each path, and then converted to OFDM symbols via
IFFT operators 1334-1 to 1334-N, P/S converters 1335-1 to 1335-N, and CP insertion
units 1336-1 to 1336-N. After that, the OFDM symbols, which are digital signals, may
be converted to analog signals by DAC 1337-1 to 1337-N, and then the analog signals
are converted to RF signals by mixers 1338-1 to 1338-N. After that, similarly to FIG.
13B, the magnitude and phase of digital beamformed signals of each path may be
changed by phase/magnitude converters 1341-11 to 1341-N,..., and 1341-N1 to
1341-NN of respective antenna paths, and signals to be transmitted via the same
antenna are summed by summing units 1342-1 to 1342-N. The summed signals may be
amplified via power amplifiers 1343-1 to 1343-N of respective antenna paths, and then
transmitted via each of N antennas. As described above, mixed beamforming includes
both the digital beamforming and the analog beamforming. In this case, the
beamforming parameter includes Wdl,...,WdN for the digital beamforming, and
Wal,...,WaN for the analog beamforming. The two kinds of beamforming parameters
control beamforming independently or using a specific relation equation.

FIGs. 13A to 13C illustrate a block diagram for transmission beamforming. In a case
of reception beamforming, the DAC is replaced by an Analog-to-Digital Converter
(ADC), the precoder is replaced by a post-coder, the encoder is replaced by a decoder,
the modulation is replaced by demodulation, and the direction of the amplifier and the
movement direction of a signal are changed to be in an opposite direction. In a case of
a non-OFDM system, the IFFT operators, the P/S converters, and the CP insert units of

the above-described blocks may be omitted.
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FIG. 14 illustrates an operating procedure of a communication node in a wireless
communication system according to an exemplary embodiment of the present
invention.

Referring to FIG. 14, the communication node may determine a beam direction via a
beam training procedure in step 1401. That is, the communication node may perform
communication with a counterpart node, and may determine a beam direction for com-
munication with the counterpart node in order to effectively perform transmission and/
or reception of a signal. Here, the beam direction includes at least one of a
transmission beam direction and a reception beam direction. For example, in a case of
determining the reception beam direction, the communication node may receive a
signal using a plurality of candidate beam directions, and may select an optimized
beam direction using reception signal intensity of each beam direction. Also, in a case
of determining the transmission beam direction, the communication node may transmit
a signal using a plurality of candidate beam directions, and may select an optimized
beam direction using reception signal intensity of each beam direction measured by the
counterpart node.

After determining the beam direction, the communication node may proceeds to step
1403 in order to determine whether beamforming gain control is to be used. The
beamforming gain control may be determined by the communication node or the
counterpart node. For example, in a case where control of the reception beamforming
gain is determined by the communication node, the communication node may measure
signal quality of a reception signal, compare the signal quality with a threshold, and
then determine whether to control the reception beamforming gain depending on the
comparison result. Also, in a case where control of the transmission beamforming gain
is determined by the communication node, the communication node may receive signal
quality measured by the counterpart node, compare the signal quality with a threshold,
and determine whether to control the transmission beamforming gain depending on the
comparison result. Also, in a case where control of the beamforming gain is de-
termined by the counterpart node, the communication node may determine whether to
control the transmission beamforming gain or the reception beamforming gain via a
message received from the counterpart node.

When the beamforming gain control is to be used, then the communication node
proceeds to step 1405 in order to control the transmission beamforming gain by
changing a beam width. For example, in a case where the beamforming gain increases,
the communication node may reduce a beam width. In a case where the beamforming
gain reduces, the communication node may increase the beam width. In other words, in
the case where the beamforming gain increases, the communication node forms a

relatively narrow beam, and in the case where the beamforming gain reduces, the com-
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munication node forms a relatively wide beam.

The exemplary embodiments of present invention provide a technique for controlling
the transmission and/or reception beamforming gain of MS via signaling between a
base station and the MS. According to another exemplary embodiment of the present
invention, the above-described transmission and/or reception beamforming gain
procedure is also applicable between MS and MS. In other words, the exemplary em-
bodiments of present invention are applicable to Device to Device (D2D) commu-
nication. In this case, in the above procedure, MS on one side operates as the base
station and MS on the other side operates as the MS of the above procedure. According
to the exemplary embodiments of the present invention, since the gain of beamforming
is adaptively controlled in a wireless communication system, performance im-
provement by beamforming is maximized.

Embodiments of the present invention according to the claims and description in the
specification can be realized in the form of hardware, software or a combination of
hardware and software.

Such software may be stored in a computer readable storage medium. The computer
readable storage medium stores one or more programs (software modules), the one or
more programs comprising instructions, which when executed by one or more
processors in an electronic device, cause the electronic device to perform methods of
the present invention.

Such software may be stored in the form of volatile or non-volatile storage such as,
for example, a storage device like a Read Only Memory (ROM), whether erasable or
rewritable or not, or in the form of memory such as, for example, Random Access
Memory (RAM), memory chips, device or integrated circuits or on an optically or
magnetically readable medium such as, for example, a Compact Disc (CD), Digital
Video Disc (DVD), magnetic disk or magnetic tape or the like. It will be appreciated
that the storage devices and storage media are embodiments of machine-readable
storage that are suitable for storing a program or programs comprising instructions
that, when executed, implement embodiments of the present invention. Embodiments
provide a program comprising code for implementing apparatus or a method as
claimed in any one of the claims of this specification and a machine-readable storage
storing such a program. Still further, such programs may be conveyed electronically
via any medium such as a communication signal carried over a wired or wireless
connection and embodiments suitably encompass the same.

Although 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
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equivalents. Therefore, the scope of the present invention should not be limited to the
above-described exemplary embodiments but should be determined by not only the

appended claims but also the equivalents thereof.
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Claims

[Claim 1] A method for operating a communication node in a wireless commu-
nication system, the method comprising:
determining whether to control a beamforming gain;
controlling the beamforming gain via change of a beam width if it is
determined to control the beamforming gain; and
transmitting or receiving a signal according to the controlled
beamforming gain.

[Claim 2] A method for operating a communication node in a wireless commu-
nication system, the method comprising:
determining whether to control a beamforming gain of a counterpart
node; and
transmitting a message indicating a beamforming gain control to the
counterpart node if it is determined to control the beamforming gain.

[Claim 3] The method of claim 1 or 2, further comprising, before the determining
of whether to control the beamforming gain, determining a beam
direction for communication with a counterpart node.

[Claim 4] The method of claim 1, wherein the determining of whether to control
the beamforming gain comprises:
receiving a message indicating performing of beamforming gain
control from a counterpart node.

[Claim 5] The method of claim 2 or 4, wherein the message indicates one of an
increase of the beamforming gain, a decrease of the beamforming gain,
and maintaining of the beamforming gain.

[Claim 6] The method of claim 5, wherein the message comprises at least one of
an amount of increase of the beamforming gain, an amount of decrease
of the beamforming gain, a gain value after the beamforming gain
increases, and a gain value after the beamforming gain reduces.

[Claim 7] The method of claim 6, wherein the message comprises at least one of
an amount of change in transmission power, and a parameter for con-
trolling a beam direction.

[Claim 8] The method of claim 1 or 2, wherein the determining of whether to
control the beamforming gain comprises:
comparing reception signal quality with a threshold; and
if the reception signal quality is less than the threshold, determining to
increase the beamforming gain.

[Claim 9] The method of claim 1 or 2, wherein the determining of whether to
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control the beamforming gain comprises:

comparing reception signal quality with a threshold; and

if the reception signal quality is greater than the threshold, determining
to increase the beamforming gain.

The method of claim 1 or 2, wherein the determining of whether to
control the beamforming gain comprises:

determining a correlation between a comparison result of reception
signal quality and a threshold, and

determining an increase or decrease of the beamforming gain according
to the determining of the correlation.

The method of claim 10, wherein the determining of the correlation
comprises:

determining whether a radio channel with a counterpart node is in a
Line Of Sight (LOS) environment.

The method of claim 10, wherein the determining of the correlation
comprises:

determining whether a movement velocity of the communication node
exceeds a threshold.

The method of claim 1 or 2, further comprising:

transmitting information regarding a beamforming capability to a
counterpart node.

The method of claim 13, wherein the information regarding the
beamforming capability comprises at least one of a maximum
beamforming gain value, a minimum beamforming gain value, a
number of sections between the maximum beamforming gain value and
the minimum beamforming gain value, controllable beamforming gain
values, a beamforming precoding matrix set, and an index of a sup-
portable beamforming precoding matrix set.

A communication node apparatus arranged to implement a method of

one of claims 1 to 14.
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"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed
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Box No. II  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. [X] Claims Nos.: 15
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justitfying an additional fee, this Authority did not invite payment
of any additional fee.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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