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device including a plurality of antennas, the operation
method including obtaining precoding information from
a base station, generating a physical uplink control chan-
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Description

BACKGROUND

[0001] The present disclosure relates to a method and an electronic device for transmitting a signal, and in particular,
to an electronic device for transmitting a physical uplink control channel (PUCCH) signal, which is precoded by using a
plurality of antennas, and an operating method of the electronic device.
[0002] As mobile communication technology continues to develop, the use of portable terminals providing various
functions continues to increase, and efforts have been made to develop a 5G communication system to meet the
increasing demand for wireless data traffic. In addition to the frequency bands used in 3G communication systems and
long term evolution (LTE) communication systems, implementations in higher frequency bands (for example, about 25
to about 60 GHz bands) are being considered to achieve higher data transmission speed in the 5G communication system.
[0003] For example, to reduce a path loss of a radio wave and to increase a propagation distance of a radio wave in
a mmWave band, beamforming, massive multiple-input multiple-output (MIMO), full dimensional (FD) MIMO (FD-MIMO),
an array antenna, analog beamforming, and large scale antenna technology have been studied in the 5G communication
system.

SUMMARY

[0004] The present disclosure provides an electronic device for transmitting a precoded physical uplink control channel
(PUCCH) signal by using a plurality of antennas and an operating method of the electronic device.
[0005] According to example embodiments, there is provided an operation method of an electronic device including
a plurality of antennas, the operation method including obtaining precoding information from a base station, generating
a physical uplink control channel (PUCCH) precoding vector based on the precoding information, generating a precoded
PUCCH signal by multiplying the PUCCH signal by a PUCCH precoding vector, and transmitting the precoded PUCCH
signal to the base station by using the plurality of antennas.
[0006] According to example embodiments, there is provided an electronic device including a communication circuit
including a plurality of antennas and configured to transmit a precoded physical uplink control channel (PUCCH) signal
to a base station and receive precoding information, and a control circuit configured to generate a PUCCH precoding
vector based on the precoding information, generate the precoded PUCCH signal by multiplying a PUCCH signal by
the PUCCH precoding vector, and control the communication circuit to transmit the precoded PUCCH signal to the base
station by using the plurality of antennas.
[0007] According to example embodiments, there is provided a wireless communication system including a base
station configured to control an uplink based on a precoded physical uplink control channel (PUCCH) signal, and an
electronic device including a plurality of antennas, a communication circuit configured to transmit the precoded PUCCH
signal and receive a precoding information, and a control circuit configured to generate a PUCCH precoding vector
based on the precoding information, generate the precoded PUCCH signal by multiplying a PUCCH signal by the PUCCH
precoding vector, and control the communication circuit to transmit the precoded PUCCH signal to the base station by
using the plurality of antennas.
[0008] At least some of the above and other features of the invention are set out in the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0009] The above and other aspects and features will be more apparent from the following description of example
embodiments, taken in conjunction with the accompanying drawings, in which:

FIG. 1 is a block diagram of a wireless communication system according to an example embodiment;
FIG. 2 is a block diagram of an electronic device according to an example embodiment;
FIG. 3 is a flowchart of an operation of an electronic device according to an example embodiment;
FIG. 4 is a block diagram of an operation of an electronic device in a transmission mode based on a codebook,
according to an example embodiment;
FIG. 5 is a signal exchange diagram in a transmission mode based on a codebook, according to an example
embodiment;
FIG. 6 is a flowchart of a physical uplink control channel (PUCCH) precoding vector generation operation, according
to an example embodiment;
FIG. 7 is a block diagram of an operation of an electronic device in a transmission mode not based on a codebook,
according to an example embodiment;
FIG. 8 is a signal exchange diagram in a transmission mode not based on a codebook, according to an example
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embodiment;
FIG. 9 is a flowchart of a PUCCH precoding vector generation operation, according to an example embodiment;
FIG. 10 is a detailed flowchart of an operation of generating one of eigenvectors, as a PUCCH precoding vector,
according to an example embodiment;
FIGS. 11A and 11B are diagrams of simulation results of an electronic device, according to example embodiments;
and
FIG. 12 is a conceptual diagram of an Internet of Things (IoT) network system according to an example embodiment.

DETAILED DESCRIPTION

[0010] Hereinafter, example embodiments will be described in detail with reference to the accompanying drawings.
The same reference numerals may refer to the same elements throughout. Expressions such as "at least one of," when
preceding a list of elements, modify the entire list of elements and do not modify the individual elements of the list. For
example, the expression, "at least one of a, b, and c," should be understood as including only a, only b, only c, both a
and b, both a and c, both b and c, or all of a, b, and c.
[0011] A transmitting end may be referred to as a node providing a data service or a voice service. The node may be
fixed or mobile. A receiving end may be referred to as a node receiving a data service or a voice service. The node may
be fixed or mobile. For example, in the case of uplink, a terminal may include a transmitting end, and a base station may
include a receiving end. In the case of downlink, the terminal may include a receiving end, and the base station may
include a transmitting end.
[0012] FIG. 1 is a block diagram of a wireless communication system WCS according to an example embodiment.
[0013] Referring to FIG. 1, the wireless communication system WCS may include a base station 120 and an electronic
device 110. The base station 120 may be generally referred to as a fixed station communicating with the electronic
device 110 and/or another base station, and may exchange control information and data by communicating with the
electronic device 110 and/or another cell. For example, the base station 120 may be referred to as a Node B, an evolved-
Node B (eNB), a next generation node B (gNB), a sector, a site, a base transceiver system (BTS), an access point (AP),
a relay node, a remote radio head (RRH), a radio unit (RU), a small cell, a wireless device, etc.
[0014] The electronic device 110 may be fixed or mobile, and may refer to various devices, which communicate with
the base station 120 to transceive data and/or control information. For example, the electronic device 110 may be referred
to as a terminal, terminal equipment, a mobile station (MS), a mobile terminal (MT), a user terminal (UT), a subscriber
station (SS), a wireless communication device, a wireless device, a handheld device, etc.
[0015] The base station 120 may provide wireless broadband access to the electronic device 110 in a coverage 100
thereof. For example, the base station 120 may divide the entire band into first through fourth bands B#1 through B#4,
and communicate with the electronic device 110 by using at least one of the first through fourth bands B#1 through B#4.
The base station 120 may use a first component carrier for communication in the first band B#1, a second component
carrier for communication in the second band B#2, a third component carrier for communication in the third band B#3,
and a fourth component carrier for communication in the fourth band B#4. Each of the first through fourth bands B#1
through B#4 may have first through fourth carrier bandwidth CBW#1 through CBW#4, respectively, and the first through
fourth carrier bandwidths CBW#1 through CBW#4 may be the same as, or partially or entirely different from each other.
However, although an example embodiment using four bands B#1 through B#4 is illustrated in FIG. 1, example embod-
iments are not limited thereto, and example embodiments may use more or less bands. In the present disclosure, the
base station 120 may manage bands as cells, and communication using a particular band may be understood as
communication using a particular cell corresponding to the particular band. In this regard, the band may be referred to
as the same concept as the cell.
[0016] The electronic device 110 may transmit a precoded physical uplink control channel (PUCCH) signal and a
physical uplink shared channel (PUSCH) signal to the base station 120 by using any one of the first through fourth carrier
bandwidths CBW#1 through CBW#4. The precoded PUCCH signal may be referred to as a signal used to transmit uplink
control information (UCI). For example, the precoded PUCCH signal may be used by the electronic device 110 to send
a hybrid automatic repeat and request (HARQ) acknowledgement to the base station 120, and to inform the base station
120 whether a downlink transmission block has been successfully received. In addition, the precoded PUCCH signal
may be used to send a channel-state report to the base station 120, or to request resources to transmit uplink data.
[0017] The PUSCH signal may be used by the electronic device 110 to transmit user data to the base station 120. In
addition, the PUSCH signal may be used to transmit a radio resource control (RRC) message and the UCI.
[0018] According to Technical Specification (TS) 38.211 of the 3rd Generation Partnership Project (3GPP), which
prepares the 5G new radio (NR) standard, the PUCCH of NR should be transmitted to one antenna port (Antenna Port
No. 2000), but a method of transmitting PUCCH by using a plurality of transmission antennas is not disclosed. In the
present disclosure, the antenna port may have a logical concept, and may have a different meaning from an antenna,
which is a physical concept. For example, one antenna port, which is a logical concept, may be physically provided by
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two or more antennas.
[0019] The present disclosure provides an operation method of transmitting the precoded PUCCH signal by an elec-
tronic device 110 including a plurality of antennas. According to the electronic device 110 and the operating method
thereof according to an example embodiment, the reliability of precoded PUCCH signal transmission may be improved
by transmitting the precoded PUCCH signal by using a plurality of antennas and the transmission diversity may be
obtained.
[0020] FIG. 2 is a block diagram of the electronic device 110 according to an example embodiment.
[0021] The electronic device 110 may include a control circuit 210, a communication circuit 220, and a memory 230.
[0022] The communication circuit 220 may perform functions of transceiving signals via a wireless channel. In addition,
the communication circuit 220 may include a plurality of antennas, may receive downlink signals by using a plurality of
antennas under the control of the control circuit 210, and may transmit uplink signals by using a plurality of antennas
under the control of the control circuit 210.
[0023] The communication circuit 220 may receive a downlink signal. The downlink signal may include one or more
of precoding information, a reference signal (RS), system information, a configuration message, control information,
downlink data, etc.
[0024] In the present disclosure, when the electronic device 110 is in a transmission mode based on a codebook, the
precoding information may indicate information about the precoding matrix set 231 in the codebook. For example, the
precoding information may include a transmission precoding matrix index (TPMI). The TPMI may correspond to an index
of the precoding matrix set 231 in the codebook, and may indicate an index for selecting a PUSCH precoding matrix.
Characteristics of channels transmitting PUSCH and PUCCH may be similar, and the TPMI may be used as an index
for selecting the PUCCH precoding matrix.
[0025] When the electronic device 110 is in a transmission mode not based on the codebook, the precoding information
may indicate information about a channel between the electronic device 110 and the base station 120 obtained by
analyzing a channel state information-reference signal (CSI-RS) received from the base station 120.
[0026] In addition, the communication circuit 220 may transmit an uplink signal. The uplink signal may include a
precoded PUCCH signal, a PUSCH signal, a random access-related signal, or a reference signal (for example, a sounding
reference signal (RS) (SRS), demodulation (DM) RS (DM-RS), etc).
[0027] The memory 230 may store data, such as a basic program, an application program, and setting information for
an operation of the electronic device 110. The memory 230 may include a volatile memory, a nonvolatile memory, or a
combination thereof. When the electronic device 110 is in a transmission mode based on the codebook, the memory
230 may store the precoding matrix set 231 common to the base station 120. Also, when the control circuit 210 requests
the precoding matrix set 231, the memory 230 may provide the precoding matrix set 231 stored in the memory 230 to
the control circuit 210.
[0028] The control circuit 210 may control overall operations of the electronic device 110. For example, the control
circuit 210 may transmit and receive a signal via the communication circuit 220. In addition, the control circuit 210 may
record and read data in the memory 230. To this end, the control circuit 210 may include at least one processor or a
microprocessor, or may include a portion of a processor.
[0029] The control circuit 210 may generate the PUCCH precoding vector based on the precoding information. In
addition, the control circuit 210 may generate the precoded PUCCH signal by multiplying the PUCCH precoding vector
by the PUCCH signal. The control circuit 210 may control the communication circuit 220 such that the communication
circuit 220 transmits the precoded PUCCH signal to the base station 120 by using a plurality of antennas.
[0030] FIG. 3 is a flowchart of an operation of the electronic device 110, according to an example embodiment.
[0031] FIG. 3 will be described with reference to FIG. 2. The operation method of the electronic device 110 including
a plurality of antennas may include operations S110 through S150.
[0032] In operation S110, precoding information may be obtained. When the electronic device 110 is in a transmission
mode based on the codebook, the precoding information may indicate information about the precoding matrix set 231
in the codebook. For example, the precoding information may include TPMI. On the other hand, when the electronic
device 110 is in a transmission mode not based on the codebook, the precoding information may indicate information
about a channel between the electronic device 110 and the base station 120 obtained by analyzing the CSI-RS received
by the base station 120.
[0033] In operation S120, the PUCCH precoding vector may be generated based on the precoding information. The
PUCCH precoding vector may be generated in a different manner according to a transmission mode of the electronic
device 110. When the electronic device 110 is in a transmission mode based on the codebook, the PUCCH precoding
vector may be selected from the precoding matrix set 231 common between the base station 120 and the electronic
device 110. On the other hand, when the electronic device 110 is in a transmission mode not based on the codebook,
the PUCCH precoding vector may be generated based on information about a channel between the electronic device
110 and the base station 120. That is, when the electronic device 110 is in a transmission mode not based on a codebook,
the PUCCH precoding vector may be generated by calculating the PUCCH precoding vector suitable for a channel
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between the electronic device 110 and the base station 120.
[0034] In operation S130, the PUCCH signal may be generated. For example, the electronic device 110 may generate
the PUCCH signal according to the NR standard. The PUCCH signal may be multiplied by the PUCCH precoding vector
to be converted into the precoded PUCCH signal. In the present disclosure, the PUCCH signal may indicate a signal
generated according to the 3GPP NR PUCCH standard, and the precoded PUCCH signal may indicate a signal, in which
precoding is completed by multiplying the PUCCH signal by the PUCCH precoding vector.
[0035] In operation S140, the precoded PUCCH signal may be generated by multiplying the PUCCH signal by the
PUCCH precoding vector. The electronic device 110 may generate the precoded PUCCH signal by multiplying the
PUCCH signal generated in operation S130 by the PUCCH precoding vector generated in operation S120.
[0036] In operation S150, the precoded PUCCH signal may be transmitted to the base station 120 by using a plurality
of antennas. The electronic device 110 may transmit the precoded PUCCH signal generated in operation S140 to the
base station 120 by using a plurality of antennas, as discussed above with respect to the communication circuit 220 in
FIG. 2.
[0037] FIG. 4 is a block diagram of an operation of an electronic device 110a in a transmission mode based on the
codebook, according to an example embodiment. For example, the electronic device 110 may be the electronic device
110a when operating in the transmission mode based on the codebook.
[0038] When the electronic device 110a is in a transmission mode based on the codebook, the electronic device 110a
and a base station may share the codebook including preset precoding matrices according to a transmission rank and
the number of antennas. For example, the same codebook may be stored in both the electronic device 110a and the
base station. Accordingly, the electronic device 110a and the base station may include a common precoding matrix set.
The PUCCH precoding vector may be selected from a set of precoding matrices common between the electronic device
110a and the base station.
[0039] The electronic device 110a may receive information about the precoding matrix set from the base station. For
example, the information about the precoding matrix set may include TPMI. The electronic device 110a may select the
PUCCH precoding vector by receiving TPMI corresponding to an index of the precoding matrix set.
[0040] The electronic device 110a may generate the PUCCH signal to generate the precoded PUCCH signal. The
PUCCH signal may indicate a signal multiplied to the PUCCH precoding vector for generating the precoded PUCCH
signal. In some example embodiments, the PUCCH signal may be generated according to the NR standard.
[0041] The electronic device 110a may generate the precoded PUCCH signal by multiplying the PUCCH precoding
vector selected from the precoding matrix set by the PUCCH signal. The electronic device 110a may multiply the PUCCH
signal by the PUCCH precoding vector to transmit the precoded PUCCH signal by using a plurality of antennas.
[0042] The electronic device 110a may transmit the precoded PUCCH signal to the base station via a plurality of
antennas. The precoded PUCCH signal may be logically transmitted to the base station via one antenna port by using
the operation method described above, but may be physically transmitted to the base station via the plurality of antennas.
[0043] FIG. 5 is a signal exchange diagram in a transmission mode based on the codebook, according to an example
embodiment.
[0044] The signal exchange diagram of FIG. 5 will be explained with reference to signals transceived between an
electronic device 510 and a base station 520. For example, the electronic device 110 may be the electronic device 510
and the base station 120 may be the base station 520.
[0045] In operation S210, the electronic device 510 may transmit the SRS to the base station 520. The SRS may
indicate a signal transmitted from the electronic device 510 to the base station 520 to transmit information about the uplink.
[0046] In operation S220, the electronic device 510 may receive precoding information from the base station 520. The
base station 520 may estimate uplink information based on the SRS received in operation S210. In addition, the base
station 520 may estimate downlink information based on the channel reciprocity and the SRS. The base station 520
may transmit precoding information corresponding to the estimated uplink information to the electronic device 510. The
precoding information may include an index of the precoding matrix set corresponding to uplink information estimated
by the base station 520. For example, the precoding information may include TPMI.
[0047] In operation S230, the electronic device 510 may generate the PUCCH precoding vector. The electronic device
510 may select the precoding vector from the precoding matrix sets, based on the precoding information received in
operation S220, and generate the selected precoding vector as the PUCCH precoding vector. Referring to FIG. 2, the
electronic device 510 may generate a precoding vector corresponding to the precoding information from the precoding
matrix sets 231 stored in the memory 230, as the PUCCH precoding vector.
[0048] In operation S240, the electronic device 510 may generate the PUCCH signal. For example, the PUCCH signal
may be generated in a structure of PUCCH format 0 through PUCCH format 4 according to the 3GPP NR standard. The
number of orthogonal frequency division multiplexing (OFDM) symbols of the PUCCH signal may vary according to the
PUCCH format. For example, in the case of PUCCH format 0, the PUCCH signal may have one or two OFDM symbols.
[0049] In operation S250, The electronic device 510 may generate the precoded PUCCH signal. The electronic device
510 may generate the precoded PUCCH signal by multiplying the PUCCH signal generated in operation S240 by the
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PUCCH precoding vector generated in operation S230. The electronic device 510 may transmit the precoded PUCCH
signal, generated by multiplying the PUCCH signal by the PUCCH precoding vector, by using a plurality of antennas.
[0050] In operation S260, the electronic device 510 may transmit the precoded PUCCH signal to the base station 520.
The precoded PUCCH signal generated in operation S250 may be transmitted to the base station 520 via a plurality of
antennas of the communication circuit 220 in FIG. 2. In some example embodiments, the PUCCH may be logically
transmitted to one antenna port (e.g., Antenna Port No. 2000) according to TS 38.211 of the 3GPP. However, the PUCCH
may be physically transmitted to the base station 520 via a plurality of antennas.
[0051] FIG. 6 is a flowchart of a PUCCH precoding vector generation operation, according to example embodiments.
For example, the PUCCH precoding vector operation shown in FIG. 6 may correspond to the PUCCH precoding vector
generation operation in FIG. 5.
[0052] Referring to FIG. 6, the PUCCH precoding vector generation operation may include operations S241 through
S243.
[0053] In operation S241, the electronic device 510 may determine whether the rank of the precoding matrix is 1,
based on the precoding information received from the base station 520. The precoding matrix may indicate a matrix
corresponding to the precoding information among the precoding matrices common between the electronic device 510
and the base station 520. According to the NR standard, the PUCCH may be required to be transmitted to one antenna
port, and thus, the electronic device 510 may determine whether the rank of the precoding matrix is 1.
[0054] When the rank of the precoding matrix is 1, operation S242 may be performed. The electronic device 510 may
generate the precoding matrix corresponding to the precoding information, as the PUCCH precoding vector. That is,
when the rank of the precoding matrix is 1, the electronic device 510 may assign the precoding matrix as the PUCCH
precoding vector.
[0055] When the rank of the precoding matrix is not 1, operation S243 may be performed. The electronic device 510
may generate a first column of the precoding matrix corresponding to the precoding information, as the PUCCH precoding
vector. For example, when the rank of the precoding matrix is 2, the precoding matrix may include the first column and
a second column. The electronic device 510 may generate the first column of the precoding vector as the PUCCH
precoding vector. That is, when the rank of the precoding matrix is greater than 1 (e.g. is 2), the electronic device 510
may assign the first column of the precoding matrix as the PUCCH precoding vector. However, this is illustrated only as
an example, and in some example embodiments, the electronic device 510 may generate (or assign) the second column
of the precoding vector as the PUCCH precoding vector.
[0056] FIG. 7 is a block diagram of an operation of an electronic device 110b in a transmission mode not based on a
codebook, according to an example embodiment. For example, the electronic device 110 may be the electronic device
110b when operating in the transmission mode not based on the codebook.
[0057] When the electronic device 110b is in a transmission mode not based on the codebook, the electronic device
110b and a base station may not share the codebook. The electronic device 110b may calculate a precoding vector
suitable for the uplink instead of sharing the codebook with the base station.
[0058] The electronic device 110b may receive a reference signal to obtain downlink information from the base station.
For example, the electronic device 110b may receive the CSI-RS from the base station. The electronic device 110b may
estimate uplink information based on the received CSI-RS and the channel reciprocity. The electronic device 110b may
calculate the precoding matrix suitable for the uplink based on the estimated uplink information, and may generate the
calculated precoding matrix as the PUCCH precoding vector.
[0059] The electronic device 110b may generate the PUCCH signal to generate the precoded PUCCH signal. The
PUCCH signal may indicate a signal multiplied to the PUCCH precoding vector for generating the precoded PUCCH
signal. In some example embodiments, the PUCCH signal may be generated according to the NR standard.
[0060] The electronic device 110b may generate the precoded PUCCH signal by multiplying the PUCCH precoding
vector selected from the precoding matrix set by the PUCCH signal. The electronic device 110b may transmit the
precoded PUCCH signal, generated by multiplying the PUCCH signal by the PUCCH precoding vector, by using a
plurality of antennas.
[0061] For example, a plurality of antennas may correspond to one antenna port. The precoded PUCCH signal may
be logically transmitted to the base station via the one antenna port by using the operation method described above,
and in this regard may be physically transmitted to the base station via the plurality of antennas.
[0062] FIG. 8 is a signal exchange diagram in a transmission mode not based on the codebook, according to an
example embodiment.
[0063] The signal exchange diagram of FIG. 8 will be explained with reference to signals transceived between an
electronic device 810 and a base station 820. For example, the electronic device 110 may be the electronic device 810
and the base station 120 may be the base station 820.
[0064] In operation S310, the electronic device 810 may receive the CSI-RS from the base station 820. The CSI-RS
may be referred to as a signal transmitted by the base station 820 to the electronic device 810, to transmit information
about the downlink.
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[0065] In operation S320, the electronic device 810 may generate the precoding information. In the transmission mode
not based on the codebook, the precoding information may include information about a channel between the electronic
device 810 and the base station 820. The electronic device 810 may obtain information about the downlink based on
the CSI-RS received in operation S310. In addition, the electronic device 810 may obtain information about the uplink
based on the CSI-RS and the channel reciprocity. Accordingly, in operation S320, the electronic device 810 may obtain
information about a channel between the electronic device 810 and the base station 820, that is, information about the
downlink and information about the uplink.
[0066] In operation S330, The electronic device 810 may generate the PUCCH precoding vector. The electronic device
810 may generate the PUCCH precoding vector suitable for the uplink based on the information about the uplink obtained
in operation S320. An operation of generating the PUCCH precoding vector in a transmission mode not based on the
codebook may be performed by using eigenvalue decomposition, which is described below with reference to FIG. 9. In
addition, the operation of generating the PUCCH precoding vector may be performed by using singular value decom-
position.
[0067] In operation S340, the electronic device 810 may generate the PUCCH signal. For example, the PUCCH signal
may be generated in the structure of PUCCH format 0 through PUCCH format 4 according to the 3GPP NR standard.
The number of OFDM symbols of the PUCCH signal may vary according to the PUCCH format. For example, in the
case of PUCCH format 0, the PUCCH signal may have one or two OFDM symbols.
[0068] In operation S350, The electronic device 810 may generate the precoded PUCCH signal. The electronic device
810 may generate the precoded PUCCH signal by multiplying the PUCCH signal generated in operation S340 by the
PUCCH precoding vector generated in operation S330.
[0069] In operation S360, The electronic device 810 may transmit the precoded PUCCH signal to the base station
820. The precoded PUCCH signal generated in operation S350 may be transmitted to the base station 820 via a plurality
of antennas of the communication circuit 220 in FIG. 2. In some example embodiments, the PUCCH may be logically
transmitted to one antenna port (e.g., Antenna Port No. 2000) according to TS 38.211 of the 3GPP. However, the PUCCH
may be physically transmitted to the base station 820 via a plurality of antennas.
[0070] FIG. 9 is a flowchart of PUCCH precoding vector generation operation, according to example embodiments.
For example, the PUCCH precoding vector operation shown in FIG. 9 may correspond to the PUCCH precoding vector
generation operation in FIG. 8.
[0071] FIG. 9 will be described with reference to FIG. 8. Referring to FIG. 9, the PUCCH precoding vector generation
operation may include operations S341 through S343.
[0072] In operation S341, the electronic device 810 may calculate a correlation coefficient matrix of the receiving
channel. The electronic device 810 may calculate the correlation coefficient matrix of the downlink channel based on
the information about the downlink obtained in operation S330 in FIG. 8. For example, when there are two antennas in
the electronic device 810, the correlation coefficient matrix of the downlink channel may be represented by Formula 1
below.

[0073] In this case, Hdl may indicate a downlink channel matrix received from the base station 820, a and b may
indicate positive real numbers, and c and c* may indicate complex numbers in a conjugated complex number relationship
with each other.
[0074] In operation S342, the electronic device 810 may calculate the eigenvalues of a correlation coefficient matrix.
The eigenvalues of the correlation coefficient matrix may be expressed by Formula 2 below.

[0075] In operation S343, the electronic device 810 may calculate the eigenvectors of the correlation coefficient matrix.
The eigenvectors of the correlation coefficient matrix may be expressed by Formula 3 below.
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[0076] In operation S344, the electronic device 810 may generate one of the eigenvectors as the PUCCH precoding
vector. For example, the electronic device 810 may generate an eigenvector corresponding to the largest eigenvalue,
as the PUCCH precoding vector, as described below with reference to FIG. 10.
[0077] FIG. 10 is a flowchart of an example of an operation of generating an eigenvector as the PUCCH precoding
vector according to example embodiments. For example, the operation shown in FIG. 10 may correspond to the generating
one of the eigenvectors in FIG. 9.
[0078] FIG. 10 will be described with reference to FIG. 9. Referring to FIG. 10, an operation of generating one of the
eigenvectors as the PUCCH precoding vector may include operations S344-1 and S344-2.
[0079] In operation S344-1, the electronic device 810 may identify the largest eigenvalue from the eigenvalues gen-
erated in operation S342. For example, when λ1 is greater than λ2 among eigenvalues λ1, λ2 generated in operation
S342, the electronic device 810 may identify that the largest eigenvalue is λ1.
[0080] In operation S344-2, the electronic device 810 may generate an eigenvector corresponding to the largest
eigenvalue, as the PUCCH precoding vector. For example, the electronic device 810 may generate v1 corresponding
to the largest eigenvalue among v1,v2, that are eigenvectors generated in operation S343, as the PUCCH precoding
vector.
[0081] FIGS. 11A and 11B are diagrams of simulation results of the electronic device 110, according to example
embodiments.
[0082] FIGS. 11A and 11B are described with reference to FIG. 1. As shown in FIGS. 11A and 11B, the electronic
device 110 may completely estimate the downlink channel or the uplink channel, and the downlink may be the same as
the uplink. FIG. 11A illustrates spectral efficiency according to a signal to noise ratio (SNR) when the number of transmitting
antennas is two and the number of receiving antennas is two. FIG. 11B illustrates spectral efficiency according to the
SNR when the number of transmitting antennas is four and the number of receiving antennas is four.
[0083] The SNR may indicate a ratio of a signal to a noise. When the SNR is low, it may indicate that the quality of a
channel is low due to more noise in the channel between the electronic device 110 and the base station 120. Although
the SNR is illustrated in FIGS. 11A and 11B, the simulation result will be described by using other metrics, such as a
signal to interference plus noise ratio (SINR) and reference signals received power (RSRP), instead of the SNR.
[0084] The spectral efficiency may indicate the capacity of the channel. When the spectral efficiency is high, the
channel state between the electronic device 110 and the base station 120 may be good, and it may indicate that the
reliability of the precoded PUCCH signal transmitted by the electronic device 110 to the base station 120 is high.
[0085] Referring to FIG. 11A, it may be seen that when precoding is performed based on the TPMI, that is, when
precoding is performed based on the codebook, the spectrum efficiency is higher than that when precoding is not
performed throughout the entire SNR range.
[0086] In addition, it may be seen that even when precoding is performed based on the channel, that is, when precoding
is performed not based on the codebook, the spectrum efficiency is higher than when precoding is not performed
throughout the entire SNR range.
[0087] Thus, according to the precoded PUCCH signal transmission method, the reliability of the precoded PUCCH
signal may be improved in both the case of precoding based on the codebook and the case of precoding not based on
the codebook.
[0088] Referring to FIG. 11B, even when the number of transmitting antennas and the number of receiving antennas
are both increased to 4, according to the precoded PUCCH signal transmission method, the spectral efficiency is higher
than spectral efficiency when the precoding is not performed throughout the entire SNR range.
[0089] FIG. 12 is a conceptual diagram of an Internet of Things (IoT) network system 1000 according to an example
embodiment.
[0090] Referring to FIG. 12, the IoT network system 1000 may include a plurality of IoT devices 1100, 1120, 1140,
and 1160, an access point 1200, a gateway 1250, a wireless network 1300, and a server 1400. The IoT may be referred
to as a network of objects using wired/wireless communication.
[0091] The plurality of IoT devices 1100, 1120, 1140, and 1160 may be grouped according to characteristics of each
IoT device. For example, the plurality of IoT devices 1100, 1120, 1140, and 1160 may be grouped into a home gadget
group 1100, a home appliance/furniture group 1120, an entertainment group 1140, or a vehicle group 1160, etc. The
plurality of IoT devices 1100, 1120, and 1140 may be connected to a communication network or other IoT devices via
the access point 1200. The access point 1200 may be embedded in one IoT device. The gateway 1250 may change a
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protocol so that the access point 1200 is connected to an outside wireless network. The plurality of IoT devices 1100,
1120, and 1140 may be connected to an outside communication network via the gateway 1250. The wireless network
1300 may include an internet and/or a public network. The plurality of IoT devices 1100, 1120, 1140, and 1160 may be
connected to a server 1400 providing a certain service via the wireless network 1300, and a user may use the service
by using at least one of the plurality of IoT devices 1100, 1120, 1140, and 1160.
[0092] According to example embodiments, the plurality of IoT devices 1100, 1120, 1140, and 1160 may transmit the
precoded PUCCH signal by using a plurality of antennas.
[0093] According to embodiments described herein, reliability of precoded PUCCH signal transmission is improved
by transmitting the precoded PUCCH signal using a plurality of antennas.
[0094] In various embodiments described here, certain actions are described as being taken "when" a certain event
occurs, or a certain status is registered (e.g., when the electronic device 510 is in a transmission mode). It will be
appreciated that in the context of an electronic device 510, this may mean that the electronic device 510 is configured
to perform those certain actions "in response to" determining that the certain event has occurred, or the certain status
has been registered (e.g. in response to determining that the electronic device 510 is in the transmission mode).
[0095] While aspects of example embodiments have been particularly shown and described, it will be understood that
various changes in form and details may be made therein without departing from the scope of the following claims.

Claims

1. An operation method of an electronic device comprising a plurality of antennas, the operation method comprising:

obtaining precoding information from a base station;
generating a physical uplink control channel, hereinafter referred to as PUCCH, precoding vector based on the
precoding information;
generating a precoded PUCCH signal by multiplying a PUCCH signal by the PUCCH precoding vector; and
transmitting the precoded PUCCH signal to the base station by using the plurality of antennas.

2. The operation method of claim 1, wherein the obtaining of the precoding information comprises transmitting a
sounding reference signal to the base station, and
wherein the precoding information comprises information about a precoding matrix set.

3. The operation method of claim 2, wherein the information about the precoding matrix set comprises a transmission
precoding matrix index corresponding to an index of the precoding matrix set.

4. The operation method of claim 3, wherein a precoding matrix of the precoding matrix set corresponds to the index, and
wherein the generating of the PUCCH precoding vector comprises generating the precoding matrix as the PUCCH
precoding vector based on a rank of the precoding matrix being 1.

5. The operation method of claim 3 or claim 4, wherein a precoding matrix of the precoding matrix set corresponds to
the index, and
wherein the generating of the PUCCH precoding vector comprises generating a first column of the precoding matrix
as the PUCCH precoding vector based on a rank of the precoding matrix exceeding 1.

6. The operation method of any preceding claim, wherein the obtaining the precoding information comprises:

receiving a channel state information-reference signal from the base station; and
generating the precoding information comprising information about a channel between the electronic device
and the base station, based on the channel state information-reference signal.

7. The operation method of claim 6, wherein the generating of the PUCCH precoding vector comprises:

calculating a correlation coefficient matrix of a receiving channel;
calculating eigenvalues of the correlation coefficient matrix;
calculating eigenvectors of the correlation coefficient matrix; and
generating one of the eigenvectors as the PUCCH precoding vector.

8. The operation method of claim 7, wherein the generating the one of the eigenvectors as the PUCCH precoding
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vector comprises:

identifying a largest eigenvalue from among the eigenvalues; and
generating an eigenvector corresponding to the largest eigenvalue as the PUCCH precoding vector.

9. An electronic device comprising:

a communication circuit comprising a plurality of antennas and configured to transmit a precoded physical uplink
control channel, hereinafter referred to as PUCCH, signal to a base station and receive precoding information;
and
a control circuit configured to generate a PUCCH precoding vector based on the precoding information, generate
the precoded PUCCH signal by multiplying a PUCCH signal by the PUCCH precoding vector, and control the
communication circuit to transmit the precoded PUCCH signal to the base station by using the plurality of
antennas.

10. The electronic device of claim 9, further comprising a memory configured to store a precoding matrix set,
wherein the control circuit is further configured to control the communication circuit to transmit a sounding reference
signal to the base station, and to receive the precoding information comprising information about the precoding
matrix set from the base station.

11. The electronic device of claim 10, wherein the precoding information comprises a transmission precoding matrix
index corresponding to an index of the precoding matrix set.

12. The electronic device of claim 11, wherein a precoding matrix of the precoding matrix set corresponds to the index, and
wherein the control circuit is further configured to generate the precoding matrix as the PUCCH precoding vector
based on a rank of the precoding matrix being 1.

13. The electronic device of claim 11 or claim 12, wherein a precoding matrix of the precoding matrix set corresponds
to the index, and
wherein the control circuit is further configured to generate a first column of the precoding matrix as the PUCCH
precoding vector based on a rank of the precoding matrix exceeding 1.

14. The electronic device of any of claims 9-13, wherein the control circuit is further configured to control the commu-
nication circuit to receive a channel state information-reference signal from the base station, and generate the
precoding information comprising information about a channel between the electronic device and the base station,
based on the CSI-RS.

15. The electronic device of claim 14, wherein the control circuit is further configured to calculate a correlation coefficient
matrix of a receiving channel, calculate eigenvalues of the correlation coefficient matrix, calculate eigenvectors of
the correlation coefficient matrix, and generate one of the eigenvectors as the PUCCH precoding vector.
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