wo 2013/025070 A2 ||} OO O A0 A A RO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/025070 A2

21 February 2013 (21.02.2013) WIPO | PCT
(51) International Patent Classification: Seongnam-si, Gyeonggi-do 436-956 (KR). PARK, Jeong-
H04B 7/04 (2006.01) Ho [KR/KR]; #1-707, 200, Seochojungang-ro, Seocho-gu,
(21) International Application Number: Scoul 137-779 (KR). YU, Hyun-Kyu [KR/KR], #706-
pp PCT/KR2012/006535 1001, 126, Heungdeok2-ro, Giheung-gu, Yongin-si,
Gyeonggi-do 446-987 (KR).
(@2 Inernational Hling Date:  ia (16082012 (9 Agents: KWON, Hyuk-Rok et al; 2F, 28, Gyeonghui-
ugus (16.08. ) gung-gil, Jongro-gu, Seoul 110-062 (KR).
(25) Filing Language: English (81) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
L. AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(30) Priority Data: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(71) Applicant (for all designated States except US). SAM- K7, LA, LG, LK, LR, LS, LT, LU, LY, MA, MD, ME,
SUNG ELECTRONICS CO., LTD. [KR/KR]; 129, Sam- MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
sung-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do 443-742 OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
(KR). SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors; and . o
(75) Inventors/Applicants (for US only): SEOL, Ji-Yun (84) Designated States (uniess otherwise indicated, for every

[KR/KR]; #505-1602, 207, Pangyowon-ro, Bundang-gu,

kind of regional protection available): ARIPO (BW, GH,

[Continued on next page]

(54) Titlee APPARATUS AND METHOD FOR SUPPORTING MULTI-ANTENNA TRANSMISSION IN BEAMFORMED
WIRELESS COMMUNICATION SYSTEM

(57) Abstract: An apparatus and method for supporting diversity in a beam-

[Fig. 7]

TRANSMIT Tx BEAMFORMING
INFORMATIOé\INgF TRANSMIT

h 701

DETERMINE Rx

BEAMFORMING INFORMATION
OF RECEIVE END 708
¥
TRANSMIT CHANNEL
INFORMATION REQUEST | 705

SIGNAL

e

707

CHANNEL
INFORMATION ON
BEAM PATTERN
RECEIVED?

PERFORM TRANSMISSION
SCHEDULING CONSIDERING
CHANNEL INFORMATION

¥
TRANSMIT DATA ACCORDING
TO TRANSMISSION
SCHEDULING

709

END

formed wireless communication system. A method for transmitting a signal in a
transmit end includes determining Receive (Rx) beamforming capability informa-
tion of a receive end, receiving channel information on at least one Transmit (Tx)
beam pattern from the receive end, determining at least one Tx beam pattern for
transmitting a signal to the receive end, in consideration of Rx beamforming sup -
port information of the receive end and the channel information on the at least one
v Tx beam pattern, and transmitting a signal to the receive end using the at least one
Tx beam pattern for transmitting the signal to the receive end.
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Description
Title of Invention: APPARATUS AND METHOD FOR
SUPPORTING MULTI-ANTENNA TRANSMISSION IN

BEAMFORMED WIRELESS COMMUNICATION SYSTEM
Technical Field

The present disclosure relates to an apparatus and method for supporting Multi-
Antenna Transmission in a wireless communication system. More particularly, the
present disclosure relates to an apparatus and method for supporting Multi- Antenna

Transmission in a beamformed wireless communication system.

Background Art

Wireless communication systems are being developed to support higher data rates in
order to meet a continuously increasing demand for wireless data traffic. For example,
for the sake of data rate increase, the wireless communication systems are under
technology development to improve spectral efficiency on the basis of a commu-
nication technology such as Orthogonal Frequency Division Multiple Access
(OFDMA), Multiple Input Multiple Output (MIMO) and the like.

Due to an increase in demand for smart phones and tablet Personal Computers (PCs)
and an explosion of application programs requiring a large amount of traffic, there
occurs a problem that the demand for data traffic is accelerating while it is difficult to
meet the explosive demand for wireless data traffic with only spectral efficiency im-
provement technology.

As a method for overcoming the aforementioned problem, wireless communication
systems using microwave bands are attracting attention.

In supporting wireless communication through microwave bands, there is a problem
that a frequency characteristic of the microwave band causes an increase of a
propagation loss such as a path loss, a reflection loss and the like. Thus, the wireless
communication systems using the microwave bands have a problem that the
propagation loss makes a reaching distance of a radio wave short, thus decreasing
service coverage.

Thus, by alleviating the path loss of the radio wave using a beamforming technology
and increasing a propagation distance of the radio wave, the wireless communication
systems using the microwave bands can increase the service coverage.

When using the beamforming technology as above, the wireless communication
system can maximize a beamforming gain to optimize a performance index such as a
Signal to Noise Ratio (SNR). However, when using the beamforming technology, there

is a limitation that, because of a decrease of multipath propagation, the wireless com-
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munication system cannot obtain a diversity gain.

Disclosure of Invention

Solution to Problem

To address the above-discussed deficiencies of the prior art, it is a primary object to
provide at least the advantages below. Accordingly, one aspect of the present
disclosure is to provide an apparatus and method for scheduling a Transmit/Receive
(Tx/Rx) beam pattern in a wireless communication system using a beamforming
technology.

Another aspect of the present disclosure is to provide an apparatus and method for
supporting Tx/Rx diversity in a wireless communication system using a beamforming
technology.

A further another aspect of the present disclosure is to provide an apparatus and
method for supporting spatial multiplexing transmission in a wireless communication
system using a beamforming technology.

A yet another aspect of the present disclosure is to provide an apparatus and method
for estimating and feeding back channel information on a Tx beam pattern of a
transmit end in a receive end of a wireless communication system using a
beamforming technology.

A still another aspect of the present disclosure is to provide an apparatus and method
for supporting Tx/Rx diversity in consideration of channel information of each beam
pattern provided from a receive end in a transmit end of a wireless communication
system using a beamforming technology.

A still another aspect of the present disclosure is to provide an apparatus and method
for supporting a spatial multiplexing scheme in consideration of channel information
of each beam pattern provided from a receive end in a transmit end of a wireless com-
munication system using a beamforming technology.

A still another aspect of the present disclosure is to provide an apparatus and method
for performing scheduling for Rx beamforming in consideration of Tx beam pattern in-
formation of a receive end in a transmit end of a wireless communication system using
a beamforming technology.

A still another aspect of the present disclosure is to provide an apparatus and method
for supporting uplink diversity in consideration of Tx beam pattern information of a
receive end in a transmit end of a wireless communication system using a
beamforming technology.

A still another aspect of the present disclosure is to provide an apparatus and method
for supporting an uplink spatial multiplexing scheme in consideration of Tx beam

pattern information of a receive end in a transmit end of a wireless communication
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system using a beamforming technology.

The above aspects are achieved by providing an apparatus and method for supporting
diversity in a beamformed wireless communication system.

According to one aspect of the present disclosure, a method for transmitting a signal
in a transmit end of a wireless communication system capable of constructing a
plurality of beam patterns is provided. The method includes determining Rx
beamforming capability information of a receive end, receiving channel information on
at least one Tx beam pattern from the receive end, determining at least one Tx beam
pattern for transmitting a signal to the receive end, in consideration of Rx beamforming
support information of the receive end and the channel information on the at least one
Tx beam pattern, and transmitting a signal to the receive end using the at least one Tx
beam pattern for transmitting the signal to the receive end.

According to another aspect of the present disclosure, a method for determining
channel information of a beam pattern in a receive end of a wireless communication
system capable of constructing a plurality of beam patterns is provided. The method
includes transmitting Rx beamforming capability information of the receive end to a
transmit end, receiving at least one reference signal that the transmit end has
transmitted through each Tx beam pattern, estimating a channel of the each Tx beam
pattern using the at least one reference signal, and feeding back channel information of
the each Tx beam pattern to the transmit end.

According to a further aspect of the present disclosure, an apparatus in a transmit end
of a wireless communication system capable of constructing a plurality of beam
patterns is provided. The apparatus includes at least one antenna unit, a receiver, a
beam setting unit, and a plurality of Radio Frequency (RF) paths. The at least one
antenna unit includes a plurality of antenna elements. The receiver is configured to
receive channel information on at least one Tx beam pattern from a receive end. The
beam setting unit is configured to determine at least one Tx beam pattern for
transmitting a signal to the receive end considering Rx beamforming capability in-
formation of the receive end and the channel information on the at least one Tx beam
pattern. The plurality of RF paths are configured to connect to the respective antenna
elements, and form a beam to transmit a signal to the receive end using the at least one
Tx beam pattern determined in the beam setting unit.

According to yet another aspect of the present disclosure, an apparatus in a receive
end of a wireless communication system capable of constructing a plurality of beam
patterns is provided. The apparatus includes a receiver, a channel estimator, and a
feedback controller. The receiver is configured to receive at least one reference signal
that a transmit end has transmitted through at least one Tx beam pattern. The channel

estimator is configured to estimate a channel of the at least one TxX beam pattern using
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the at least one reference signal. The feedback controller is configured to transmit Rx
beamforming capability information of the receive end to the transmit end, and feed
back channel information of the at least one Tx beam pattern to the transmit end.

According to still another aspect of the present disclosure, a method for receiving a
signal in a transmit end of a wireless communication system capable of constructing a
plurality of beam patterns is provided. The method includes determining Tx
beamforming capability information of a receive end, estimating channel information
on each Rx beam pattern, determining at least one Rx beam pattern for the receive end
to receive a signal considering Tx beamforming support information of the receive end
and the channel information on at least one Rx beam pattern, and receiving a signal
from the receive end using the at least one Tx beam pattern.

According to still another aspect of the present disclosure, an apparatus in a transmit
end of a wireless communication system capable of constructing a plurality of beam
patterns is provided. The apparatus includes at least one antenna unit, a channel
estimator, a beam setting unit, and a plurality of RF paths. The at least one antenna unit
is comprised of a plurality of antenna elements. The channel estimator estimates
channel information on at least one Rx beam pattern. The beam setting unit determines
at least one Rx beam pattern for receiving a signal from the receive end considering Tx
beamforming capability information of a receive end and the channel information on
the at least one Rx beam pattern. The plurality of RF paths are connected to each
antenna element, and form a beam to receive a signal from the receive end using the at
least one Rx beam pattern determined in the beam setting unit.

Before undertaking the DETAILED DESCRIPTION OF THE INVENTION below,
it may be advantageous to set forth definitions of certain words and phrases used
throughout this patent document: the terms “include” and “comprise,” as well as
derivatives thereof, mean inclusion without limitation; the term “or,” is inclusive,
meaning and/or; the phrases “associated with” and “associated therewith,” as well as
derivatives thereof, may mean to include, be included within, interconnect with,
contain, be contained within, connect to or with, couple to or with, be communicable
with, cooperate with, interleave, juxtapose, be proximate to, be bound to or with, have,
have a property of, or the like; and the term “controller” means any device, system or
part thereof that controls at least one operation, such a device may be implemented in
hardware, firmware or software, or some combination of at least two of the same. It
should be noted that the functionality associated with any particular controller may be
centralized or distributed, whether locally or remotely. Definitions for certain words
and phrases are provided throughout this patent document, those of ordinary skill in the
art should understand that in many, if not most instances, such definitions apply to

prior, as well as future uses of such defined words and phrases.
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Brief Description of Drawings

For a more complete understanding of the present disclosure and its advantages,
reference is now made to the following description taken in conjunction with the ac-
companying drawings, in which like reference numerals represent like parts:

FIG. 1 illustrates a Transmit (Tx) beam of a transmit end and a Receive (Rx) beam of
a receive end in a wireless communication system according to the present disclosure;

FIG. 2 illustrates a transmit end for forming a Tx beam according to the present
disclosure;

FIG. 3 illustrates a receive end for forming an Rx beam according to the present
disclosure;

FIG. 4 illustrates a procedure for feeding back channel information on a beam pattern
in a receive end according to an embodiment of the present disclosure;

FIG. 5 illustrates a procedure for estimating a channel for a beam pattern in a receive
end according to an embodiment of the present disclosure;

FIG. 6 illustrates a procedure for estimating a channel for a beam pattern in a receive
end according to another embodiment of the present disclosure;

FIG. 7 illustrates a procedure for forming a beam in a transmit end according to an
embodiment of the present disclosure;

FIG. 8 illustrates a scheduling procedure for beamforming in a transmit end
according to an embodiment of the present disclosure;

FIG. 9 illustrates a procedure for transmitting Tx beamforming information in a
receive end according to an embodiment of the present disclosure;

FIG. 10 illustrates a procedure for forming an Rx beam in a transmit end according to
an embodiment of the present disclosure; and

FIG. 11 illustrates a scheduling procedure for uplink beamforming in a transmit end
according to an embodiment of the present disclosure.
Best Mode for Carrying out the Invention

FIGURES 1 through 8, discussed below, and the various embodiments used to
describe the principles of the present disclosure in this patent document are by way of
illustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the principles of the present
disclosure may be implemented in any suitably arranged wireless communication
system. In the following description, well-known functions or constructions are not
described in detail since they would obscure the disclosure in unnecessary detail. And,
terms described below, which are defined considering functions in the present
disclosure, can be different depending on user and operator’s intention or practice.

Therefore, the terms should be defined on the basis of the disclosure throughout this
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specification.

Below, exemplary embodiments of the present disclosure provide a technology for
supporting Tx/Rx diversity in a beamformed wireless communication system.

In the following description, a transmit end includes any one of a base station, a relay
station and a terminal according to a subject for transmitting a downlink signal. Also, a
receive end includes any one of a base station receiving a downlink signal from the
transmit end, a relay station, and a terminal.

When using a beamforming technology in a wireless communication system, a
transmit end supports a plurality of beam patterns in order to form beams in different
directions as illustrated in FIG. 1. Also, a receive end forms Rx beams in all directions
or a plurality of different directions through at least one beam pattern as illustrated in
FIG. 1.

FIG. 1 illustrates a Tx beam of a transmit end and an Rx beam of a receive end in a
wireless communication system according to the present disclosure.

As illustrated in FIG. 1, a transmit end 100 supports a plurality of beam patterns in
order to form beams in different directions. The transmit end 100 supports multiple
antenna transmission to a receive end 110 using at least one of the plurality of sup-
portable beam patterns. In detail, the transmit end 100 transmits a reference signal to
the receive end 110 through each of the plurality of supportable beam patterns. Here,
the reference signal represents a signal transmitted through each Tx beam pattern of
the transmit end 100 such that the receive end 110 can select a beam for use in
transmitting or receiving a signal with the transmit end 100.

The receive end 110 estimates a channel of each Tx beam pattern using the reference
signal provided from the transmit end 100. For example, when the receive end 110
does not support Rx beamforming, the receive end 110 estimates a channel of each Tx
beam pattern using the reference signal provided from the transmit end 100. For
another example, when the receive end 110 supports the Rx beamforming, the receive
end 110 estimates a channel of each Tx beam pattern for each Rx beam pattern.

Next, the receive end 110 feeds back channel information of each Tx beam pattern to
the transmit end 100. For example, when the receive end 110 supports Rx
beamforming, the receive end 110 feeds back channel information of a Tx beam
pattern received through each Rx beam pattern, to the transmit end 100.

The transmit end 100 selects at least one beam pattern to be used in a multiple
antenna transmission scheme among a plurality of supportable beam patterns using
channel information of each Tx beam pattern provided from the receive end 110. Next,
the transmit end 100 transmits a signal to the receive end 110 using the at least one
beam pattern to be used in the multiple antenna transmission scheme. For example,

when the receive end 110 supports Rx beamforming and concurrently can receive a
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signal using a plurality of Rx beam patterns, the transmit end 100 selects a plurality of
Tx beam patterns for the plurality of Rx beam patterns for the sake of diversity
transmission. Next, the transmit end 100 transmits the same information to the receive
end 110 through the plurality of Tx beam patterns selected for diversity transmission.
The transmit end 100 transmits information on the plurality of Rx beam patterns
selected for diversity transmission, to the receive end 110 using control information.

As another example, when the receive end 110 supports Rx beamforming but con-
currently cannot receive a signal using a plurality of Rx beam patterns, the transmit
end 100 may select a plurality of Tx beam patterns for the plurality of Rx beam
patterns. After that, the transmit end 100 transmits the same information to the receive
end 110 through different Tx beam patterns for the plurality of Rx beam patterns at a
different timing. In an embodiment, the transmit end 100 transmits information on the
plurality of Rx beam patterns selected for diversity transmission, to the receive end 110
using control information.

As a further example, when the receive end 110 supports Rx beamforming but con-
currently cannot receive a signal using a plurality of Rx beam patterns, the transmit
end 100 may select one Tx beam pattern for one Rx beam pattern. Next, the transmit
end 100 transmits the same information to the receive end 110 through the same Tx
beam pattern and Rx beam pattern at a different timing. In an embodiment, the transmit
end 100 transmits information on the Rx beam pattern selected for diversity
transmission, to the receive end 110 using control information.

As yet another example, when the receive end 110 does not support Rx
beamforming, the transmit end 100 may select a plurality of Tx beam patterns. Next,
the transmit end 100 transmits the same information to the receive end 110 through the
plurality of Tx beam patterns selected for diversity transmission. In an embodiment,
the transmit end 100 may transmit the same information to the receive end 110 using a
different Tx beam pattern at a different timing.

As still another example, when the receive end 110 does not support Rx
beamforming, the transmit end 100 may select one Tx beam pattern.

As still another example, when the receive end 110 supports Rx beamforming and
concurrently can receive a signal using a plurality of Rx beam patterns, the transmit
end 100 selects a plurality of Tx beam patterns for the plurality of Rx beam patterns for
the sake of spatial multiplexing transmission. After that, the transmit end 100 transmits
different information to the receive end 110 through the plurality of Tx beam patterns
selected for the sake of the spatial multiplexing transmission. In an exemplary em-
bodiment, the transmit end 100 transmits information about the plurality of Rx beam
patterns selected for the sake of the spatial multiplexing transmission, to the receive

end 110 using control information.
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The following description is made for a construction of a transmit end for forming a
Tx beam.

FIG. 2 is a block diagram illustrating a transmit end for forming a Tx beam according
to the present disclosure. Here, it is assumed that the transmit end applies a digital/
analog hybrid beamforming scheme.

As illustrated in FIG. 2, the transmit end includes a ‘K’ number of channel encoding
units 200-1 to 200-K, a MIMO encoding unit 210, a precoding unit 220, an ‘Ny’
number of Radio Frequency (RF) paths 230-1 to 230-Nr, an ‘N;’ number of antenna
units 250-1 to 250-Nr, a beam setting unit 260, a Tx control unit 270, and a feedback
information receiving unit 280.

The ‘K’ number of channel encoding units 200-1 to 200-K each include a channel
encoder and a modulator, and encode and modulate signals to be transmitted to a
receive end.

To transmit signals through the ‘N1’ number of antenna units 250-1 to 250-Nr, the
MIMO encoding unit 210 multiplexes modulation signals provided from the ‘K’
number of channel encoding units 200-1 to 200-K into signals to be transmitted
through an ‘Nt’ number of streams.

The precoding unit 220 precodes an ‘Ni’ number of signals provided from the
MIMO encoding unit 210 into precodes for digital beamforming, and provides the
precodes to the respective RF paths 230-1 to 230-Nr.

The ‘Ni’ number of RF paths 230-1 to 230-N; each process to output signals
provided from the precoding unit 220 through the corresponding antenna units 250-1
to 250-Nr. The ‘N;” number of RF paths 230-1 to 230-Ny have the same construction.
Thus, in the following description, a construction of the first RF path 230-1 is
described as representative. The remaining RF paths 230-2 to 230-Ny have the same
construction as the first RF path 230-1.

The first RF path 230-1 includes an N, number of modulators 232-11 to 232-1N,, an
analog beamformer 290, and an N, number of power amplifiers 240-11 to 240-1N,.
Here, ‘N’ represents the number of antenna elements constituting the antenna unit 1
250-1.

The N, number of modulators 232-11 to 232-1N, each modulate signals provided
from the precoding unit 220 according to a communication scheme. For example, the
N, number of modulators 232-11 to 232-1N,4 each include an Inverse Fast Fourier
Transform (IFFT) operator and a Digital to Analog Converter (DAC). The IFFT
operator converts a signal provided from the precoding unit 220 into a time domain
signal through IFFT operation. The DAC converts the time domain signal provided
from the IFFT operator into an analog signal.

The analog beamformer 290 shifts phases of an ‘N,” number of transmit signals
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provided from the ‘N,” number of modulators 232-11 to 232-1N, according to a Tx
beam weight provided from the beam setting unit 260. For example, the analog
beamformer 290 includes a plurality of phase shifters 234-11 to 234-1N, and 236-11 to
236-1N,, and combiners 238-11 to 238-1N,. The ‘N,* number of modulators 232-11
to 232-1N, each separate an output signal into an ‘N,” number of signals and output
the ‘N’ number of signals to the respective phase shifters 234-11 to 234-1N, and
236-11 to 236-1N,. The phase shifters 234-11 to 234-1N, and 236-11 to 236-1N, each
shift phases of signals provided from the ‘N,” number of modulators 232-11 to 232-1N
a according to a Tx beam weight provided from the beam setting unit 260. The
combiners 238-11 to 238-1N, combine output signals of the phase shifters 234-11 to
234-1N, and 236-11 to 236-1N, corresponding to antenna elements.

The power amplifiers 240-11 to 240-1N, each amplify power of signals provided
from the combiners 238-11 to 238-1N, and output the signals to the external through
the antenna unit 1 250-1.

The beam setting unit 260 selects a Tx beam pattern to be used for transmitting a
signal according to the control of the Tx control unit 270, and provides a Tx beam
weight dependent on the selected Tx beam pattern to the analog beamformer 290. For
example, the beam setting unit 260 selects at least one Tx beam pattern to be used for
diversity transmission considering channel information on each Tx beam pattern
provided from the feedback information receiving unit 280 according to the control of
the Tx control unit 270. As another example, the beam setting unit 260 selects at least
one Tx beam pattern and at least one Rx beam pattern to be used for diversity
transmission considering channel information on each Tx beam pattern provided from
the feedback information receiving unit 280 according to the control of the Tx control
unit 270. As a further example, the beam setting unit 260 selects a plurality of Tx beam
patterns and a plurality of Rx beam patterns to be used in spatial multiplexing
transmission considering channel information on each Tx beam pattern provided from
the feedback information receiving unit 280 according to the control of the Tx control
unit 270. In an embodiment, the beam setting unit 260 selects a Tx beam pattern or Tx/
Rx beam pattern for multiple antenna transmission as illustrated in FIG. 8.

The Tx control unit 270 controls the beam setting unit 260 to select a Tx beam
pattern for forming a Tx beam. For example, the Tx control unit 270 controls the beam
setting unit 260 to be able to transmit a reference signal through each Tx beam pattern
supportable by the transmit end. That is, the Tx control unit 270 controls the beam
setting unit 260 to select a Tx beam pattern to transmit a reference signal. As another
example, the Tx control unit 270 controls the beam setting unit 260 to select a Tx beam
pattern or Tx/Rx beam pattern to be used for diversity transmission considering

beamforming information of a receive end. As a further example, the Tx control unit
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270 controls the beam setting unit 260 to select Tx/Rx beam pattern to be used for
spatial multiplexing considering beamforming information of a receive end. Here, the
beamforming information of the receive end includes Rx beamforming support or non-
support, the number of supportable Rx beam patterns, concurrent usability or non-
usability of a plurality of Rx beams, information on the number of concurrently usable
Rx beams, the number of usable MIMO streams, and the like.

Also, the Tx control unit 270 controls to send a channel information request to a
receive end. For example, the Tx control unit 270 controls to transmit a broadcasting
signal for a request for channel information of a Tx beam pattern or a control message
(e.g., REP-REQ) for the channel information request. For another example, the Tx
control unit 270 sends a channel information request to the receive end by allocating a
resource for channel information transmission to the receive end. In an embodiment,
the Tx control unit 270 may control to transmit report form information for feeding
back channel information to the receive end, together with the channel information
request. Here, the report form information includes at least one of the number of Tx
beam patterns to feed back channel information, the number of Tx beam patterns and
Rx beam patterns to feed back the channel information, the number of Tx beam
patterns by Rx beam to feed back the channel information, and a reference value for
beam selection and channel information feedback. In an exemplary embodiment, the
reference value for beam selection and channel information feedback includes at least
one of an absolute value of a channel quality, a relative value of the channel quality for
a reference beam combination, a time variance of a beam combination channel quality
and a standard deviation of the beam combination channel quality, and a correlation
value between beam combinations.

The feedback information receiving unit 280 receives information fed back from a
receive end, and outputs the feedback information to the precoding unit 220, the beam
setting unit 260, and the Tx control unit 270.

As described above, the Tx control unit 270 controls the beam setting unit 260 to
select a Tx beam pattern or Tx/Rx beam pattern to be used for diversity transmission in
consideration of beamforming information of the receive end. For example, when the
receive end supports Rx beamforming and concurrently can receive a signal using a
plurality of Rx beam patterns, the Tx control unit 270 controls the beam setting unit
260 to select a plurality of Tx beam patterns for a plurality of Rx beam patterns. For
another example, when the receive end supports Rx beamforming but concurrently
cannot receive a signal using a plurality of Rx beam patterns, the Tx control unit 270
controls the beam setting unit 260 to select a plurality of Tx beam patterns for a
plurality of Rx beam patterns. As a further example, when the receive end supports Rx

beamforming but concurrently cannot receive a signal using a plurality of Rx beam
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patterns, the Tx control unit 270 controls the beam setting unit 260 to select one Tx
beam pattern for one Rx beam pattern. As yet another example, when the receive end
does not support Rx beamforming, the Tx control unit 270 controls the beam setting
unit 260 to select a plurality of Tx beam patterns. As still another example, when the
receive end does not support Rx beamforming, the Tx control unit 270 controls the
beam setting unit 260 to select one Tx beam pattern. That is, the Tx control unit 270
controls the beam setting unit 260 to select a Tx beam pattern or Tx/Rx beam pattern
for diversity transmission as illustrated in FIG. 8.

Although not illustrated, the transmit end may further include a channel estimator for
estimating a channel for an Rx beam pattern.

The following description is made for a construction of a receive end supporting Rx
beamforming.

FIG. 3 is a block diagram illustrating a receive end for forming a Rx beam according
to the present disclosure. Here, it is assumed that the receive end applies a digital/
analog hybrid beamforming scheme.

As illustrated in FIG. 3, the receive end includes an ‘Ni’ number of antenna units
300-1 to 300-Ng, an ‘Ni’ number of RF paths 310-1 to 310-Ng, a postprocessor 320, a
MIMO decoding unit 330, a “T” number of channel decoding units 340-1 to 340-T, a
channel estimating unit 350, a feedback control unit 360, and a beam setting unit 370.

The ‘Nr’ number of RF paths 310-1 to 310-Ny each process signals received through
the corresponding antenna units 300-1 to 300-Ng. In an embodiment, the ‘N’ number
of RF paths 310-1 to 310-Ny have the same construction. Thus, in the following de-
scription, a construction of the first RF path 310-1 is described as representative. In an
embodiment, the remaining RF paths 310-2 to 310-Ny have the same construction as
the first RF path 310-1.

The first RF path 310-1 includes an analog beamformer 380 and an ‘Ny’ number of
modulators 318-11 to 318-1Ng. Here, ‘Np’ represents the number of antenna elements
constituting the antenna unit 1 300-1.

The analog beamformer 380 shifts phases of an ‘Np’” number of receive signals
provided from antenna elements constituting the antenna unit 1 300-1 according to a
Tx beam weight provided from the beam setting unit 370. For example, the analog
beamformer 380 includes a plurality of phase shifters 312-11 to 312-1Np and 314-11 to
314-1N; and combiners 316-11 to 316-1Ng. The antenna elements constituting the
antenna unit 1 300-1 separate receive signals into an ‘N’ number of signals and output
the signals to the respective phase shifters 312-11 to 312-1Np and 314-11 to 314-1Nj5.
The respective phase shifters 312-11 to 312-1Np and 314-11 to 314-1Nj shift phases of
signals provided from the antenna elements constituting the antenna unit 1 300-1. The

combiners 316-11 to 316-1Ny combine output signals of the phase shifters 312-11 to
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312-1Np and 314-11 to 314-1Nj; corresponding to the antenna elements.

The ‘Ng’ number of demodulators 318-11 to 318-1Ng each demodulate receive
signals provided from the combiners 316-11 to 316-1Np according to a communication
scheme. For example, the ‘N’ number of demodulators 318-11 to 318-1N each
include an Analog to Digital Converter (ADC) and a Fast Fourier Transform (FFT)
operator. The ADC converts receive signals provided from the combiners 316-11 to
316-1Np into digital signals. The FFT operator converts a signal provided from the
ADC into a frequency domain signal through FFT operation.

The postprocessor 320 post decodes signals provided from the ‘Ni” number of RF
paths 310-1 to 310-Ny according to a precoding scheme of a transmit end and provides
the signals to the MIMO decoding unit 330.

The MIMO decoding unit 330 multiplexes an ‘Nz’ number of receive signals
provided from the postprocessor 320 into a “T” number of signals to decode the receive
signals in the “T” number of channel decoding units 340-1 to 340-T.

The “T” number of channel decoding units 340-1 to 340-T each include a de-
modulator and a channel decoder, and demodulate and decode signals provided from
the transmit end.

The channel estimating unit 350 estimates channel information on each Tx beam
pattern by means of a reference signal that the transmit end transmits through each Tx
beam pattern. For example, when the receive end supports Rx beamforming, the
channel estimating unit 350 estimates channel information on a Tx beam pattern by
each supportable Rx beam pattern as illustrated in FIG. 6. For another example, when
the receive end does not support Rx beamforming, the channel estimating unit 350
estimates channel information on a Tx beam pattern as illustrated in FIG. 5. In an em-
bodiment, when the transmit end requests for channel information, the channel es-
timating unit 350 estimates channel information on each Tx beam pattern. Here, the
channel information includes at least one of a Signal to Noise Ratio (SNR), a Carrier
power Interference and Noise power Ratio (CINR) and a Receive Signal Strength
Indicator (RSSI).

The feedback control unit 360 feeds back channel information on each Tx beam
pattern estimated in the channel estimating unit 350, to the transmit end. In an em-
bodiment, the feedback control unit 360 feeds back channel information on each Tx
beam pattern to the transmit end according to report form information provided from
the transmit end. Here, the report form information includes at least one of the number
of Tx beam patterns to feed back channel information, the number of Tx beam patterns
and Rx beam patterns to feed back the channel information, the number of Tx beam
patterns by Rx beam to feed back the channel information, and a reference value for

beam selection and channel information feedback. In an exemplary embodiment, the
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reference value for beam selection and channel information feedback includes at least
one of an absolute value of a channel quality, a relative value of the channel quality for
a reference beam combination, a time variance of a beam combination channel quality
and a standard deviation of the beam combination channel quality, and a correlation
value between beam combinations. For example, the feedback control unit 360 feeds
back channel information on an ‘M’ number of Tx beam patterns of good channel
states according to the report form information. For another example, the feedback
control unit 360 can feed back channel information on a ‘P’ number of Tx beam
patterns of channel states greater than or equal to a reference value according to the
report form information. As a further example, when the receive end supports Rx
beamforming, the feedback control unit 360 may feed back channel information on an
‘N’ number of Tx beam patterns of good channel states by Rx beam pattern according
to the report form information. As yet another example, when the receive end supports
Rx beamforming, the feedback control unit 360 may feed back channel information on
a ‘T” number of Tx beam patterns of channel states greater than a reference value by
Rx beam pattern according to the report form information. As still another example,
the feedback control unit 360 may feed back channel information on a Tx beam pattern
of the best channel state and at least one Tx beam pattern of a channel state included
within a constant range according to the report form information. As still another
example, when the receive end supports Rx beamforming, the feedback control unit
360 may feed back channel information on a Tx beam pattern of the best channel state
by Rx beam pattern and at least one Tx beam pattern of a channel state included within
a constant range according to the report form information. Here, the ‘M’, ‘P’, ‘N’, and
“T” denote integers representing the number of Tx beam patterns for feeding back.

Further, the feedback control unit 360 transmits Rx beamforming capability in-
formation to the transmit end. For example, the feedback control unit 360 transmits its
own Rx beamforming capability information to the transmit end in a capability ne-
gotiation process with the transmit end. Here, the capability negotiation with the
transmit end can occur at the time of initial network entry and network re-entry.

The beam setting unit 370 provides an Rx beam weight to the analog beamformer
380 such that the receive end receives a signal according to an Rx beam pattern corre-
sponding to a Tx beam pattern selected by the transmit end among a plurality of sup-
portable Rx beam patterns. In an embodiment, the beam setting unit 370 determines an
Rx beam pattern to be used for receiving a signal, in a control signal provided from the
transmit end.

In the aforementioned embodiment, a receive end transmits Rx beamforming ca-
pability information to a transmit end using a feedback control unit.

In another embodiment, the receive end may further include a transmitter for
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transmitting Rx beamforming capability information to the transmit end.

The following description is made for a method for feeding back channel information
on a Tx beam pattern in a receive end.

FIG. 4 illustrates a procedure for feeding back channel information on a beam pattern
in a receive end according to an embodiment of the present disclosure.

Referring to FIG. 4, in step 401, the receive end determines Tx beamforming in-
formation of a transmit end. For example, the receive end receives the Tx
beamforming information from the transmit end. Here, the Tx beamforming in-
formation includes the number of Tx beam patterns supportable by the transmit end,
Tx beam transmission timing and the like.

After that, the receive end proceeds to step 403 and transmits its own Rx
beamforming capability information to the transmit end. For example, upon network
entry or handover, the receive end transmits its own Rx beamforming capability in-
formation to the transmit end in a capability negotiation process with the transmit end.
Here, the Rx beamforming capability information includes Rx beamforming support or
non-support, the number of supportable Rx beam patterns, concurrent usability or non-
usability of a plurality of Rx beams, information on the number of concurrently usable
Rx beams, the number of usable MIMO streams and the like. In an embodiment, the

receive end can construct the Rx beamforming capability information as in Table 1

below.
Table 1
[Table 1]
Table 1
Capability to support Rx Beamforming 0b0: non-support
Ob1: support
Max number of Rx Beamforming patterns 0b00: 1 ~ Obl11: § patterns
Capability of MIMO support 0b0: non-support
Ob1: support
Max number of MIMO streams 0b000: 1 stream ~ 0b111: 8 streams
Capability of receiving concurrently with 0b0: non-support
different Rx Beamforming patterns Obl: support
Number of Rx Beamforming patterns supported |0b00: 1 ~0bl11: 4
simultaneously
(Number of MS RX Chains)

Here, the number of Rx beams concurrently usable in the receive end may be
expressed as the number of Rx RF chains of the receive end.

Next, the receive end proceeds to step 405 and determines if the transmit end
requests for channel information on each Tx beam pattern. For example, the receive

end determines if a broadcasting signal for a channel information request or a control
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message (e.g., REP-REQ) for the channel information request is received from the
transmit end. For another example, the receive end determines if the transmit end
allocates a resource for channel information transmission. In an embodiment, when the
transmit end allocates the resource for channel information transmission, the receive
end recognizes that the transmit end requests for channel information.

When the transmit end requests for channel information on a Tx beam pattern, the
receive end proceeds to step 407 and determines a report form for transmitting the
channel information. For example, the receive end receives report form information
from the transmit end. Here, the report form information includes at least one of the
number of Tx beam patterns to feed back channel information, the number of Tx beam
patterns and Rx beam patterns to feed back the channel information, the number of Tx
beam patterns by Rx beam to feed back the channel information, and a reference value
for beam selection and channel information feedback. In an exemplary embodiment,
the reference value for beam selection and channel information feedback includes at
least one of an absolute value of a channel quality, a relative value of the channel
quality for a reference beam combination, a time variance of a beam combination
channel quality and a standard deviation of the beam combination channel quality, and
a correlation value between beam combinations.

After determining the report form, the receive end proceeds to step 409 and estimates
a channel for each supportable Tx beam pattern of the transmit end. For example, the
receive end estimates a channel for each Tx beam pattern using a reference signal that
the transmit end transmits through each beam pattern. When the receive end supports
Rx beamforming, the receive end estimates channel information on a Tx beam pattern
of the transmit end by each Rx beam pattern supportable by the receive end as il-
lustrated in FIG. 6. Alternatively, when the receive end does not support Rx
beamforming, the receive end estimates channel information on a Tx beam pattern as
illustrated in FIG. 5.

After estimating the channel for the Tx bean pattern, the receive end proceeds to step
411 and feeds back the channel information on the Tx beam pattern to the transmit end
according to the report form determined in step 407. For example, the receive end
feeds back channel information on an ‘M’ number of Tx beam patterns of good
channel states according to the report form information. As another example, the
receive end feeds back channel information on a ‘P’ number of Tx beam patterns of
channel states greater than a reference value according to the report form information.
As a further example, when the receive end supports Rx beamforming, the receive end
feeds back channel information on an ‘M’ number of Tx beam patterns of good
channel states by Rx beam pattern according to the report form information. As yet

another example, when the receive end supports Rx beamforming, the receive end
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feeds back channel information on a ‘P’ number of Tx beam patterns of channel states
greater than a reference value by Rx beam pattern according to the report form in-
formation. As still another example, the receive end may feed back channel in-
formation on a Tx beam pattern of the best channel state and at least one Tx beam
pattern of a channel state included within a constant range according to the report form
information. As still another example, when the receive end supports Rx beamforming,
the receive end may feed back channel information on a Tx beam pattern of the best
channel state by Rx beam pattern and at least one Tx beam pattern of a channel state
included within a constant range according to the report form information. Here, the
‘M’, ‘P’, ‘N’, and ‘T’ denote integers representing the number of Tx beam patterns for
feeding back. Here, the channel state includes at least one of a CINR, a Received
Signal Strength Indication (RSSI), and channel correlation between beam patterns.

Next, the receive end terminates the algorithm according to the embodiment of the
present disclosure.

In the aforementioned embodiment, a receive end feeds back channel information on
a Tx beam pattern according to a report form provided from a transmit end.

In another embodiment, the receive end may feed back channel information on Tx
beam patterns measured by itself to the transmit end without considering a report form
of the transmit end.

The following description is made for a method for estimating a channel for a Tx
beam pattern in a receive end not supporting Rx beamforming.

FIG. 5 illustrates a procedure for estimating a channel for a beam pattern in a receive
end according to an embodiment of the present disclosure.

Referring to FIG. 5, when the receive end estimates a channel of a Tx beam pattern
in step 409 of FIG. 4, in step 501, the receive end determines a reference signal for an
ith Tx beam pattern. For example, the receive end receives the reference signal that the
transmit end transmits through the ith Tx beam pattern. Here, the ‘i’ is an index of a Tx
beam pattern through which the transmit end transmits the reference signal, and has an
initial value of ‘0’.

After determining the reference signal of the ith Tx beam pattern in step 501, the
receive end proceeds to step 503 and estimates a channel for the ith Tx beam pattern
using the reference signal of the ith Tx beam pattern.

Next, the receive end proceeds to step 505 and updates the index (i) of the Tx beam
pattern. For example, the receive end increases the index (i) of the Tx beam pattern by
one level (i++).

After updating the index (i) of the Tx beam pattern in step 505, the receive end
proceeds to step 507 and compares the updated index (i) of the Tx beam pattern with

the number (Ngr 1x) of TX beam patterns supportable by the transmit end, determining
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if it has estimated channels for all Tx beam patterns supportable by the transmit end.

When the updated index (i) of the Tx beam pattern is less than the number (Ngg 1x) of
Tx beam patterns supportable by the transmit end (i < Ngr 1x), the receive end
recognizes that it has not estimated the channels for all Tx beam patterns supportable
by the transmit end. Accordingly, the receive end returns to step 501 and determines a
reference signal for the ith Tx beam pattern. Here, the index (i) of the Tx beam pattern
has a value updated in step 505.

Alternatively, when the updated index (i) of the Tx beam pattern is greater than or
equal to the number (Ngr 1x) of Tx beam patterns supportable by the transmit end (i >
Nir 1x), the receive end recognizes that it has estimated the channels for all Tx beam
patterns supportable by the transmit end. Accordingly, the receive end proceeds to step
411 of FIG. 4 and feeds back channel information on the Tx beam pattern to the
transmit end.

The following description is made for a method for estimating a channel for a Tx
beam pattern in a receive end supporting Rx beamforming.

FIG. 6 illustrates a procedure for estimating a channel for a beam pattern in a receive
end according to another embodiment of the present disclosure.

Referring to FIG. 6, when the receive end estimates a channel of a Tx beam pattern
in step 409 of FIG. 4, in step 601, the receive end sets an Rx beam for receiving a
signal to a jth Rx beam pattern. Here, the ¢ is an index of an Rx beam pattern sup-
portable by the receive end, and has an initial value of ‘0.

After that, the receive end proceeds to step 603 and determines a reference signal for
an ith Tx beam pattern. For example, the receive end receives the reference signal that
the transmit end transmits through the ith Tx beam pattern. Here, the ‘1’ is an index of
a Tx beam pattern through which the transmit end transmits the reference signal, and
has an initial value of ‘0’.

After determining the reference signal of the ith Tx beam pattern in step 603, the
receive end proceeds to step 605 and estimates a channel for the ith Tx beam pattern
received through the jth Rx beam pattern using the reference signal of the ith Tx beam
pattern.

Next, the receive end proceeds to step 607 and updates the index (i) of the Tx beam
pattern. For example, the receive end increases the index (i) of the Tx beam pattern by
one level (i++).

After updating the index (i) of the Tx beam pattern in step 607, the receive end
proceeds to step 609 and compares the updated index (i) of the Tx beam pattern with
the number (Ngr 1x) of TX beam patterns supportable by the transmit end, determining
if it has estimated channels for all Tx beam patterns supportable by the transmit end.

When the updated index (i) of the TxX beam pattern is less than the number (Ngr 1x) of
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Tx beam patterns supportable by the transmit end (i < Ngr 1x), the receive end
recognizes that it has not estimated the channels for all Tx beam patterns supportable
by the transmit end. Accordingly, the receive end returns to step 603 and determines a
reference signal for the ith Tx beam pattern. Here, the index (i) of the Tx beam pattern
has a value updated in step 607.

Alternatively, when the updated index (i) of the Tx beam pattern is greater than or
equal to the number (Ngr 1x) of Tx beam patterns supportable by the transmit end (i >
Nir 1x), the receive end recognizes that it has estimated the channels for all Tx beam
patterns supportable by the transmit end. Accordingly, the receive end proceeds to step
611 and updates the index (j) of the Rx beam pattern. For instance, the receive end
increases the index (j) of the Rx beam pattern by one level (j++).

After updating the index (j) of the Rx beam pattern, the receive end proceeds to step
613 and compares the updated index (j) of the Rx beam pattern with the number (N
sr rx) Of RX beam patterns supportable by the receive end, determining if it has
estimated channels of Tx beam patterns for all Rx beam patterns supportable by the
receive end.

When the updated index (j) of the Rx beam pattern is less than the number (Npr rx)
of Rx beam patterns supportable by the receive end (j < Ngr rx), the receive end
recognizes that it has not estimated channels of Tx beam patterns for all Rx beam
patterns supportable by the receive end. Accordingly, the receive end returns to step
601 and sets an Rx beam for receiving a signal to a jth Rx beam pattern. Here, the
index (j) of the Rx beam pattern has a value updated in step 611.

Alternatively, when the updated index (j) of the Rx beam pattern is greater than or
equal to the number (Ngr rx) 0f RXx beam patterns supportable by the receive end (j > N
BF rRX), the receive end recognizes that it has estimated channels of Tx beam patterns for
all Rx beam patterns supportable by the receive end. Accordingly, the receive end
proceeds to step 411 of FIG. 4 and feeds back channel information of the Tx beam
pattern for the Rx beam pattern to the transmit end.

The following description is made for a method for supporting diversity transmission
in a transmit end.

FIG. 7 illustrates a procedure for forming a beam in a transmit end according to an
embodiment of the present disclosure.

Referring to FIG. 7, in step 701, the transmit end transmits its own Tx beamforming
information to a receive end. Here, the Tx beamforming information includes the
number of TX beam patterns supportable by the transmit end, Tx beam transmission
timing and the like.

After that, the transmit end proceeds to step 703 and determines Rx beamforming ca-

pability information of a receive end. For example, upon network entry or handover of
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the receive end, the transmit end receives the Rx beamforming capability information
of the receive end from the receive end in a capability negotiation process with the
receive end. Here, the Rx beamforming capability information includes Rx
beamforming support or non-support, the number of supportable Rx beam patterns,
concurrent usability or non-usability of a plurality of Rx beams, information on the
number of concurrently usable Rx beams, and the like. In an embodiment, the transmit
end can determine Rx beamforming capability information constructed as in Table 1
above.

After determining the Rx beamforming capability information of the receive end, the
transmit end proceeds to step 705 and requests for channel information on a Tx beam
pattern supportable by itself. For example, the transmit end transmits a broadcasting
signal for a request for channel information of a Tx beam pattern or a control message
(e.g., REP_REQ) for the channel information request to the receive end. For another
example, the transmit end allocates a resource for channel information transmission to
the receive end. In an embodiment, the transmit end may transmit report form in-
formation for feeding back channel information to the receive end, together with the
channel information request. Here, the report form information includes the number of
Tx beam patterns to feed back channel information, a reference value to feed back the
channel information, and the like.

Next, the transmit end proceeds to step 707 and determines if channel information on
a Tx beam pattern is received from the receive end.

When it is determined in step 707 that the channel information on the Tx beam
pattern is received from the receive end, the transmit end proceeds to step 709 and
performs Tx scheduling considering the channel information on the Tx beam pattern
provided from the receive end. For example, as illustrated in FIG. 8, the transmit end
selects at least one Tx beam pattern for at least one Rx beam pattern to be used for
transmitting a signal to the receive end in consideration of the channel information on
the Tx beam pattern provided from the receive end.

After performing the Tx scheduling in step 709, the transmit end proceeds to step
711 and transmits a signal to the receive end according to Tx scheduling information.
That is, the transmit end transmits the signal to the receive end through the Tx beam
pattern selected through the Tx scheduling.

Next, the transmit end terminates the algorithm according to the embodiment of the
present disclosure.

FIG. 8 illustrates a scheduling procedure for diversity transmission in a transmit end
according to an embodiment of the present disclosure.

Referring to FIG. 8, when the transmit end performs Tx scheduling in step 709 of

FIG. 7, the transmit end proceeds to step 801 and determines Rx beamforming ca-
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pability information of a receive end. For example, the transmit end determines the Rx
beamforming capability information that is provided from the receive end in step 703.
Here, the Rx beamforming capability information includes Rx beamforming support or
non-support, the number of supportable Rx beam patterns, concurrent usability or non-
usability of a plurality of Rx beams, information on the number of concurrently usable
Rx beams, the number of usable MIMO streams, and the like.

After that, the transmit end proceeds to step 803 and determines if the receive end to
receive a signal transmitted by the transmit end supports Rx beamforming according to
the Rx beamforming capability information of the receive end.When it is determined in
step 803 that the receive end supports the Rx beamforming, the transmit end proceeds
to step 805 and determines if the receive end can concurrently receive a signal using a
plurality of Rx beam patterns.

When it is determined in step 805 that the receive end can concurrently receive the
signal using the plurality of Rx beam patterns, the transmit end proceeds to step 807
and determines if the transmit end concurrently can transmit the signal using a plurality
of Tx beam patterns.

When it is determined in step 807 that the transmit end concurrently can transmit the
signal using the plurality of Tx beam patterns, the transmit end proceeds to step 809
and determines if the receive end supports a multiple MIMO stream. For example, the
transmit end determines if the receive end supports the multiple MIMO stream con-
sidering information of the number of usable MIMO streams included in the Rx
beamforming capability information of the receive end.

When it is determined in step 809 that the receive end supports the multiple MIMO
stream, the transmit end decides that it transmits a signal to the receive end using a
spatial multiplexing transmission scheme. According to this, the transmit end proceeds
to step 811 and selects a plurality of Rx beam patterns and a plurality of Tx beam
patterns for spatial multiplexing transmission. For example, the transmit end de-
termines channel information of Tx beam patterns for at least one Rx beam pattern
supportable by the receive end provided from the receive end. After that, the transmit
end selects a plurality of Tx beam patterns for a plurality of Rx beam patterns of good
channel states among the channel information of the Tx beam patterns for the each Rx
beam pattern.

Alternatively, when it is determined in step 809 that the receive end does not support
the multiple MIMO stream, the transmit end decides that it transmits a signal to the
receive end using a diversity transmission scheme. According to this, the transmit end
proceeds to step 813 and selects a plurality of Tx beam patterns and a plurality of Rx
beam patterns for diversity transmission. For example, the transmit end determines

channel information of Tx beam patterns for at least one Rx beam pattern supportable
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by the receive end provided from the receive end. And then, the transmit end selects a
plurality of Tx beam patterns for a plurality of Rx beam patterns having good channel
states among the channel information of the Tx beam patterns for each Rx beam
pattern.

Alternatively, when it is determined in step 807 that the transmit end concurrently
cannot transmit the signal using the plurality of Tx beam patterns, the transmit end
proceeds to step 815 and determines whether to provide diversity transmission through
sequential transmission.

Alternatively, when it is determined in step 805 that the receive end cannot con-
currently receive the signal using the plurality of Rx beam patterns, the transmit end
proceeds to step 815 and determines whether to provide the diversity transmission
through the sequential transmission.

When it is determined in step 815 that the transmit end provides the diversity
transmission through the sequential transmission, the transmit end proceeds to step 817
and selects at least one Tx beam pattern and at least one Rx beam pattern for the
diversity transmission. For example, the transmit end determines channel information
of Tx beam patterns for at least one Rx beam pattern supportable by the receive end
provided from the receive end. And then, the transmit end selects a plurality of Tx
beam patterns to transmit the same signal at a different timing and a plurality of Rx
beam patterns for receiving the same signal transmitted by the transmit end at a
different timing. For another example, the transmit end may select one Tx beam
pattern for one Rx beam pattern for transmitting the same information at a different
timing.

Alternatively, when it is determined in step 815 that the transmit end does not
provide the diversity transmission through the sequential transmission, the transmit end
recognizes that it does not perform the diversity transmission. Accordingly, the
transmit end proceeds to step 819 and selects any one Tx beam pattern to be used for
transmitting a signal correspondingly to any one Rx beam pattern of the receive end to
be transmitted by the transmit end, in consideration of channel information of Tx beam
patterns for each Rx beam pattern.

Alternatively, when it is determined in step 803 that the receive end does not support
the Rx beamforming, the transmit end proceeds to step 821 and determines whether it
concurrently can transmit a signal using a plurality of Tx beam patterns.

When it is determined in step 821 that the transmit end concurrently can transmit the
signal using the plurality of Tx beam patterns, the transmit end proceeds to step 823
and determines if the receive end supports a multiple MIMO stream. For example, the
transmit end determines if the receive end supports the multiple MIMO stream in con-

sideration of information of the number of usable MIMO streams included in the Rx
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beamforming capability information of the receive end.

When it is determined in step 823 that the receive end supports the multiple MIMO
stream, the transmit end decides that it transmits a signal to the receive end using a
spatial multiplexing transmission scheme. According to this, the transmit end proceeds
to step 825 and selects a plurality of Tx beam patterns for spatial multiplexing
transmission.

Alternatively, when it is determined in step 823 that the receive end does not support
the multiple MIMO stream, the transmit end decides that it transmits a signal to the
receive end using a diversity transmission scheme. According to this, the transmit end
proceeds to step 827 and selects a plurality of Tx beam patterns for a plurality of Rx
beam patterns for diversity transmission.

Alternatively, when it is determined in step 821 that the transmit end concurrently
cannot transmit the signal using the plurality of Tx beam patterns, the transmit end
proceeds to step 829 and determines whether to provide the diversity transmission
through the sequential transmission.

When it is determined in step 829 that the transmit end provides the diversity
transmission through the sequential transmission, the transmit end proceeds to step 831
and selects at least one Tx beam pattern for diversity transmission. For example, the
transmit end determines channel information of Tx beam patterns provided from the
receive end. After that, the transmit end selects a plurality of Tx beam patterns to
transmit the same signal at a different timing, in consideration of the channel in-
formation of the Tx beam patterns. For another example, the transmit end selects one
Tx beam pattern for transmitting the same information at a different timing, in con-
sideration of the channel information of the Tx beam patterns.

Alternatively, when it is determined in step 829 that the transmit end does not
provide the diversity transmission through the sequential transmission, the transmit end
proceeds to step 833 and selects any one Tx beam pattern to be used for transmitting a
signal considering the channel information of the Tx beam patterns provided from the
receive end.

After that, the transmit end proceeds to step 711 of FIG. 7 and transmits a signal to
the receive end through the Tx beam pattern selected through the transmission
scheduling.

In the aforementioned exemplary embodiment, the transmit end performs
transmission scheduling using channel information on a Tx beam pattern provided
from the receive end.

In another exemplary embodiment, the transmit end may transmit a signal con-
sidering a Tx beam pattern or Tx/Rx beam pattern selected in the receive end. That is,

as illustrated in FIG. 8, the receive end can perform transmission scheduling for signal
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[147]

[148]

[149]

[150]

[151]

transmission of the transmit end.

As described above, the transmit end selects any one of a spatial multiplexing
transmission scheme and a diversity transmission scheme considering a beam
management capability of the transmit end, a beam management capability of the
receive end, and a MIMO stream management capability of the receive end. For
example, the transmit end estimates information of a channel correlation between Tx
beam patterns or a channel correlation between Tx/Rx beam pattern combinations con-
sidering the beam management capability of the transmit end, the beam management
capability of the receive end, and the MIMO stream management capability of the
receive end. After that, the transmit end selects any one of the spatial multiplexing
transmission scheme and the diversity transmission scheme considering the in-
formation of the channel correlation between the Tx beam patterns or the channel cor-
relation between the Tx/Rx beam pattern combinations. For another example, the
transmit end estimates a gain for each multiple antenna transmission scheme con-
sidering the beam management capability of the transmit end, the beam management
capability of the receive end, and the MIMO stream management capability of the
receive end. After that, the transmit end may select any one of the spatial multiplexing
transmission scheme and the diversity transmission scheme considering the gain for
each multiple antenna transmission scheme.

The following description is made for a technology for managing a Tx/Rx beam
according to uplink multiple antenna transmission.

FIG. 9 illustrates a procedure for transmitting Tx beamforming information in a
receive end according to an exemplary embodiment of the present invention.

Referring to FIG. 9, in step 901, the receive end transmits its own Tx beamforming
capability information to a transmit end. For example, upon network entry or
handover, the receive end transmits its own Tx beamforming capability information to
the transmit end in a capability negotiation process with the transmit end. Here, the Tx
beamforming capability information includes Tx beamforming support or non-support,
the number of supportable Tx beam patterns, concurrent usability or non-usability of a
plurality of Tx beams, information on the number of concurrently usable Tx beams, the
number of usable MIMO streams, and the like. In an exemplary embodiment, the
receive end can construct the Tx beamforming capability information as in Table 2
below.

Table 2
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[154]

[155]

[156]

[157]

[158]

[Table 2]
Table 2

Capability to support Tx Beamforming 0b0: non-support

0bl: support

Max number of Tx Beamforming patterns 0b00: 1 ~0bl111: 8 patterns

Capability of UL MIMO support 0b0: non-support

0b1: support

Max number of UL MIMO streams 0b000: 1 stream ~ Ob111: 8 streams

Capability of MS transmitting concurrently with 0b0: non-support

different Tx Beamforming patterns 0b1: support

Number of MS Tx Beamforming patierns 0b00: 1 ~ Ob11: 4
supported simultaneously

(Number of MS TX Chains)

Here, the number of Tx beams concurrently usable in the receive end can be
expressed as the number of Tx RF chains of the receive end.

After that, the receive end proceeds to step 903 and transmits a reference signal
through each Tx beam pattern.

Next, the receive end terminates the algorithm according to the present invention.

Although not illustrated, after transmitting the reference signal, the receive end
transmits a signal to the transmit end according to reception scheduling information
provided from the transmit end.

FIG. 10 illustrates a procedure for forming an Rx beam in a transmit end according to
an exemplary embodiment of the present invention.

Referring to FIG. 10, in step 1001, the transmit end determines Tx beamforming ca-
pability information of a receive end. For example, upon network entry or handover of
the receive end, the transmit end receives the Tx beamforming capability information
of the receive end from the receive end in a capability negotiation process with the
receive end. Here, the Tx beamforming capability information includes Tx
beamforming support or non-support, the number of supportable Tx beam patterns,
concurrent usability or non-usability of a plurality of Tx beams, information on the
number of concurrently usable Tx beams, the number of usable MIMO streams, and
the like. In an exemplary embodiment, the transmit end can determine Tx
beamforming capability information of the receive end constructed as in Table 2
above.

After determining the Tx beamforming capability information of the receive end in
step 1001, the transmit end proceeds to step 1003 and estimates a channel for each sup-
portable Tx beam pattern of the receive end. For example, the transmit end estimates a

channel for each Tx beam pattern using a reference signal that the receive end
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[160]

[161]
[162]

[163]

[164]

[165]

[166]

[167]

transmits through each Tx beam pattern. If the transmit end supports Rx beamforming,
the transmit end estimates channel information on a Tx beam pattern of the receive end
by each Rx beam pattern.

After determining the channel information on the Tx beam pattern of the receive end
in step 1003, the transmit end proceeds to step 1005 and performs reception scheduling
considering the channel information on the Tx beam pattern of the receive end. For
example, as illustrated in FIG. 11, the transmit end selects at least one Tx beam pattern
for at least one Rx beam pattern to be used for receiving a signal from the receive end
considering the channel information on the Tx beam pattern of the receive end. In an
exemplary embodiment, the transmit end transmits reception scheduling information to
the receive end.

After performing the reception scheduling in step 1005, the transmit end proceeds to
step 1007 and receives a signal from the receive end according to the reception
scheduling information. That is, the transmit end receives the signal from the receive
end through the Rx beam pattern selected through the reception scheduling.

Next, the transmit end terminates the algorithm according to the present invention.

FIG. 11 illustrates a scheduling procedure for uplink beamforming in a transmit end
according to an exemplary embodiment of the present invention.

Referring to FIG. 11, when the transmit end performs reception scheduling in step
1005 of FIG. 10, the transmit end proceeds to step 1101 and determines Tx
beamforming capability information of a receive end. For example, in step 1101, the
transmit end determines the Tx beamforming capability information of the receive end
provided from the receive end. Here, the Tx beamforming capability information
includes Tx beamforming support or non-support, the number of supportable Tx beam
patterns, concurrent usability or non-usability of a plurality of Tx beams, information
on the number of concurrently usable Tx beams, the number of usable MIMO streams,
and the like.

After that, the transmit end proceeds to step 1103 and determines if the receive end
supports Tx beamforming according to the Tx beamforming capability information of
the receive end.

When it is determined in step 1103 that the receive end supports the Tx
beamforming, the transmit end proceeds to step 1105 and determines if the receive end
concurrently can transmit a signal using a plurality of Tx beam patterns.

When it is determined in step 1105 that the receive end concurrently can transmit the
signal using the plurality of Tx beam patterns, the transmit end proceeds to step 1107
and determines if the transmit end can concurrently receive the signal using a plurality
of Rx beam patterns.

When it is determined in step 1107 that the transmit end concurrently can receive the
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[170]

[171]

[172]

signal using the plurality of Rx beam patterns, the transmit end proceeds to step 1109
and determines if the receive end supports a multiple MIMO stream. For example, the
transmit end determines if the receive end supports the multiple MIMO stream con-
sidering information of the number of usable MIMO streams included in the Tx
beamforming capability information of the receive end.

When it is determined in step 1109 that the receive end supports the multiple MIMO
stream, the transmit end decides that it receives a signal from the receive end using a
spatial multiplexing transmission scheme. According to this, the transmit end proceeds
to step 1111 and selects a plurality of Rx beam patterns and a plurality of Tx beam
pattern for spatial multiplexing transmission. For example, the transmit end determines
channel information of Rx beam patterns for at least one Tx beam pattern supportable
by the receive end provided from the receive end. After that, the transmit end selects a
plurality of Rx beam patterns for a plurality of Tx beam patterns of good channel states
among the channel information of the Rx beam patterns for the each Tx beam pattern.

Alternatively, when it is determined in step 1109 that the receive end does not
support the multiple MIMO stream, the transmit end decides that it receives a signal
from the receive end using a diversity transmission scheme. According to this, the
transmit end proceeds to step 1113 and selects a plurality of Rx beam patterns and a
plurality of Tx beam patterns for diversity transmission. For example, the transmit end
determines channel information of Rx beam patterns for at least one Tx beam pattern
supportable by the receive end provided from the receive end. After that, the transmit
end selects a plurality of Rx beam patterns for a plurality of Tx beam patterns of good
channel states among the channel information of the Rx beam patterns for the each Tx
beam pattern.

Alternatively, when it is determined in step 1107 that the transmit end concurrently
cannot receive the signal using the plurality of Rx beam patterns, the transmit end
proceeds to step 1115 and determines whether to provide diversity transmission
through sequential reception.

Alternatively, when it is determined in step 1105 that the receive end concurrently
cannot transmit the signal using the plurality of Tx beam patterns, the transmit end
proceeds to step 1115 and determines whether to provide the diversity transmission
through the sequential reception.

When it is determined in step 1115 that the receive end provides the diversity
transmission through the sequential reception, the transmit end proceeds to step 1117
and selects at least one Rx beam pattern and at least one Tx beam pattern for the
diversity transmission. For example, the transmit end determines channel information
of Rx beam patterns for at least one Tx beam pattern supportable by the receive end

provided from the receive end. After that, the transmit end selects a plurality of Tx
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beam patterns to transmit the same signal at a different timing in the receive end and a
plurality of Rx beam patterns to receive the same signal transmitted by the receive end
at a different timing. For another example, the transmit end may select one Tx beam
pattern for one Rx beam pattern for transmitting the same information at a different
timing in the receive end.

[173] Alternatively, when it is determined in step 1115 that the receive end does not
provide the diversity transmission through the sequential reception, the transmit end
recognizes that it does not perform the diversity transmission. According to this, the
transmit end proceeds to step 1119 and selects a Tx beam pattern of the receive end to
transmit a signal and an Rx beam pattern of the transmit end to receive a signal, in con-
sideration of the channel information of the Tx beam patterns for the each Rx beam
pattern.

[174] Alternatively, when it is determined in step 1103 that the receive end does not
support the Tx beamforming, the transmit end proceeds to step 1121 and selects any
one Rx beam pattern for receiving a signal from the receive end.

[175] After that, the transmit end proceeds to step 1007 of FIG. 10 and receives a signal
from the receive end through the Rx beam pattern selected through the reception
scheduling. In an exemplary embodiment, the transmit end transmits reception
scheduling information of FIG. 10 to the receive end in order to receive a signal from
the receive end.

[176] As described above, exemplary embodiments of the present disclosure have an
advantage of being capable of increasing a transmission rate dependent on
beamforming, and having robustness against a change of channel environment caused
by an obstacle or channel fading through beamforming while being capable of
obtaining a diversity gain, by supporting a multiple antenna transmission scheme in a
wireless communication system using a beamforming technology.

[177] While the disclosure has been shown and described with reference to certain
preferred 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 disclosure as defined by the appended claims.
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Claims

A method for transmitting a signal in a transmit end of a wireless com-
munication system capable of constructing a plurality of beam patterns,
the method comprising:

determining Receive (Rx) beamforming capability information of a
receive end;

receiving channel information on at least one Transmit (Tx) beam
pattern from the receive end;

determining at least one Tx beam pattern for transmitting a signal to the
receive end, in consideration of Rx beamforming support information
of the receive end and the channel information on the at least one Tx
beam pattern; and

transmitting a signal to the receive end using the at least one Tx beam
pattern for transmitting the signal to the receive end.

The method of claim 1, wherein determining the Rx beamforming ca-
pability information comprises, upon network entry or network re-entry
of the receive end, receiving the Rx beamforming capability in-
formation from the receive end.

The method of claim 1, further comprising, before receiving the
channel information, sending a channel information request to the
receive end,

wherein the channel information request includes form information for
feeding back channel information of the receive end.

The method of claim 1, wherein determining the at least one Tx beam
pattern comprises, when the receive end supports Rx beamforming,
concurrently receives a signal using a plurality of Rx beam patterns,
and comprises a multiple antenna stream, selecting a plurality of Tx
beam patterns and the plurality of Rx beam patterns for a multiple
antenna transmission scheme, or

when the receive end supports Rx beamforming and concurrently does
not receive a signal using a plurality of Rx beam patterns and the
transmit end sequentially transmits a signal, selecting at least one Tx
beam pattern and at least one Rx beam pattern, or

when the receive end does not support Rx beamforming and comprises
a multiple antenna stream, selecting a plurality of Tx beam patterns, or
when the receive end does not support Rx beamforming and the

transmit end sequentially transmits a signal, selecting the at least one
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Tx beam pattern.

The method of claim 4, further comprising, before selecting the Tx
beam patterns and the Rx beam patterns, selecting any one of a spatial
multiplexing transmission scheme and a diversity transmission scheme
considering at least one of the Rx beamforming capability information,
and Tx beam management information of the transmit end,

wherein selecting the Tx beam patterns and the Rx beam patterns
comprises selecting a plurality of Tx beam patterns and a plurality of
Rx beam patterns for a multiple antenna transmission scheme of any
one of the spatial multiplexing transmission scheme and the diversity
transmission scheme.

A method for determining channel information of a beam pattern in a
receive end of a wireless communication system capable of con-
structing a plurality of beam patterns, the method comprising:
transmitting Receive (Rx) beamforming capability information of the
receive end to a transmit end;

receiving at least one reference signal that the transmit end has
transmitted through each Transmit (Tx) beam pattern;

estimating a channel of the each Tx beam pattern using the at least one
reference signal; and

feeding back channel information of the each Tx beam pattern to the
transmit end.

The method of claim 1 or 6, wherein the Rx beamforming capability in-
formation comprises at least one of: Rx beamforming support or non-
support of a receive end, the number of Rx beam patterns supportable
by the receive end, concurrent usability or non-usability of a plurality
of Rx beams, the number of Rx beams concurrently usable by the
receive end, and the number of multiple antenna streams usable by the
receive end.

The method of claim 6, wherein feeding back to the transmit end
comprises:

determining feedback form information; and

feeding back channel information on at least one Tx beam pattern to the
transmit end considering the feedback form information.

The method of claim 3 or 8, wherein the form information comprises at
least one of: the number of Tx beam patterns to feed back channel in-
formation, the number of Tx beam patterns and Rx beam patterns to

feed back the channel information, the number of Tx beam patterns by
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Rx beam to feed back the channel information, and a reference value
for beam selection and channel information feedback, and

wherein the reference value comprises at least one of: an absolute value
of a channel quality, a relative value of the channel quality for
reference beam combination, a time variance of a beam combination
channel quality and a standard deviation of the beam combination
channel quality, and a correlation value between beam combinations.

A method for receiving a signal in a transmit end of a wireless commu-
nication system capable of constructing a plurality of beam patterns, the
method comprising:

determining Transmit (TX) beamforming capability information of a
receive end;

estimating channel information on each Rx beam pattern;

determining at least one Rx beam pattern for the receive end to receive
a signal considering Tx beamforming support information of the
receive end and the channel information on at least one Rx beam
pattern; and

receiving a signal from the receive end using the at least one Tx beam
pattern.

The method of claim 10, wherein the Tx beamforming capability in-
formation comprises at least one of: Tx beamforming support or non-
support of a receive end, the number of Tx beam patterns supportable
by the receive end, concurrent usability or non-usability of a plurality
of Tx beams, the number of Tx beams concurrently usable by the
receive end, and the number of multiple antenna streams usable by the
receive end.

The method of claim 10, wherein determining the Tx beamforming ca-
pability information comprises, upon network entry or network re-entry
of the receive end, receiving the Tx beamforming capability in-
formation from the receive end.

The method of claim 10, wherein determining the at least one Rx beam
pattern comprises, when the receive end supports Tx beamforming,
concurrently transmits a signal using a plurality of Tx beam patterns,
and comprises a multiple antenna stream, selecting a plurality of Tx
beam patterns and a plurality of Rx beam patterns for a multiple
antenna transmission scheme, or

when the receive end supports Tx beamforming and concurrently

transmits a signal using a plurality of Tx beam patterns and the transmit
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end sequentially receives a signal, selecting at least one Tx beam
pattern and at least one Rx beam pattern.

The method of claim 13, further comprising, before selecting the Tx
beam patterns and the Rx beam patterns, selecting any one of a spatial
multiplexing transmission scheme and a diversity transmission scheme
considering at least one of the Rx beamforming capability information
and Tx beam management information of the transmit end,

wherein selecting the Tx beam patterns and the Rx beam patterns
comprises selecting a plurality of Tx beam patterns and a plurality of
Rx beam patterns for a multiple antenna transmission scheme of any
one of a spatial multiplexing transmission scheme and a diversity
transmission scheme.

An apparatus arranged to implement a method of one of claims 1 to 14.
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