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data rates Beyond 4"%_Generation (4G) communication system such as
Long Term Evolution (LTE). An apparatus and a method for managing
uplink control channels in a wireless communication system are provid-
ed. The operating method of a base station includes transmitting config-
uration information for a carrier aggregation (CA) operation using a first
carrier and a second carrier, and transmitting a message for activation
or deactivation of an uplink control channel in the second carrier based
on an electric field strength of a channel with a terminal or a location
of the terminal during the CA operation according to the configuration
information.
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Title of Invention: APPARATUS AND METHOD FOR

MANAGING UPLINK CONTROL CHANNELS IN WIRELESS
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COMMUNICATION SYSTEM
Technical Field

The disclosure relates generally to a wireless communication system. More par-
ticularly, the disclosure relates to an apparatus and a method for managing uplink

control channels in a wireless communication system.

Background Art

To meet the demand for wireless data traffic having increased since deployment of 4
th generation (4G) communication systems, efforts have been made to develop an
improved 5% generation (5G) or pre-5G communication system. Therefore, the 5G or
pre-5G communication system is also called a 'Beyond 4G Network' or a 'Post LTE
System'.

The 5G communication system is considered to be implemented in higher frequency
(mmWave) bands, e.g., 60GHz bands, so as to accomplish higher data rates. To
decrease propagation loss of the radio waves and increase the transmission distance,
the beamforming, massive multiple-input multiple-output (MIMO), Full Dimensional
MIMO (FD-MIMO), array antenna, an analog beam forming, large scale antenna
techniques are discussed in 5G communication systems.

In addition, in 5G communication systems, development for system network im-
provement is under way based on advanced small cells, cloud Radio Access Networks
(RANS), ultra-dense networks, device-to-device (D2D) communication, wireless
backhaul, moving network, cooperative communication, Coordinated Multi-Points
(CoMP), reception-end interference cancellation and the like.

In the 5G system, Hybrid FSK and QAM Modulation (FQAM) and sliding window
superposition coding (SWSC) as an advanced coding modulation (ACM), and filter
bank multi carrier (FBMC), non-orthogonal multiple access (NOMA), and sparse code
multiple access (SCMA) as an advanced access technology have been developed.

A carrier aggregation (CA) technique, introduced in a long term evolution-advanced
(LTE-A) system, supports transmission/reception of data using multiple carriers. Data
throughput may be increased according to the number of used carriers via CA. A fifth-
generation (5G) system may be operated in a wider frequency range, and thus it will be
beneficial to consider various matters in applying the CA technique to the 5G system.

The above information is presented as background information only to assist with an

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

Disclosure of Invention

Solution to Problem

Aspects the disclosure are to address at least the above-mentioned problems and/or
disadvantages and to provide at least the advantages described below. Accordingly, an
aspect of the disclosure is to provide an apparatus and a method for managing uplink
control channels in a wireless communication system.

Another aspect of the disclosure is to provide an apparatus and a method for se-
lectively using uplink control channels in carriers for a carrier aggregation (CA)
operation in a wireless communication system.

Another aspect of the disclosure is to provide an apparatus and a method for se-
lectively using an uplink control channel according to a situation in a wireless commu-
nication system.

Another aspect of the disclosure is to provide an apparatus and a method for ad-
dressing coverage reduction due to an uplink control channel during a CA operation in
a wireless communication system.

Additional aspects will be set forth in part in the description which follows and, in
part, will be apparent from the description, or may be learned by practice of the
presented embodiments.

In accordance with an aspect of the disclosure, a method for operating a base station
in a wireless communication system is provided. The method includes transmitting
configuration information for a CA operation using a first carrier and a second carrier,
and transmitting a message for activation or deactivation of an uplink control channel
in the second carrier based on an electric field strength of a channel with a terminal or
a location of the terminal during the CA operation according to the configuration in-
formation.

In accordance with another aspect of the disclosure, a method for operating a
terminal in a wireless communication system is provided. The method includes
receiving configuration information for a CA operation using a first carrier and a
second carrier, and receiving a message for activation or deactivation of an uplink
control channel in the second carrier based on an electric field strength of a channel
with a terminal or a location of the terminal during the CA operation according to the
configuration information.

In accordance with another aspect of the disclosure, a base station in a wireless com-
munication system is provided. The base station includes a transceiver, and at least one

processor operatively coupled to the transceiver, wherein the at least one processor is
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configured to control to transmit configuration information for a CA operation using a
first carrier and a second carrier, and transmit a message for activation or deactivation
of an uplink control channel in the second carrier based on an electric field strength of
a channel with a terminal or a location of the terminal during the CA operation

according to the configuration information.
In accordance with another aspect of the disclosure, a terminal in a wireless commu-

nication system is provided. The terminal includes a transceiver, and at least one
processor operatively coupled to the transceiver, wherein the at least one processor is
configured to control to receive configuration information for a CA operation using a
first carrier and a second carrier, and receive a message for activation or deactivation
of an uplink control channel in the second carrier based on an electric field strength of
a channel with a terminal or a location of the terminal during the CA operation
according to the configuration information.

An apparatus and a method according to various embodiments can mitigate coverage
limitation due to an uplink control channel during a CA operation.

Other aspects, advantages, and salient features of the disclosure will become apparent
to those skilled in the art from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses various embodiments of the disclosure.
Brief Description of Drawings

The above and other aspects, features, and advantages of certain embodiments of the
disclosure will be more apparent from the following description taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is a view illustrating a wireless communication system according to an em-
bodiment of the disclosure;

FIG. 2 is a block diagram illustrating a configuration of a base station in a wireless
communication system according to an embodiment of the disclosure;

FIG. 3 is a block diagram illustrating a configuration of a terminal in a wireless com-
munication system according to an embodiment of the disclosure;

FIG. 4 is a block diagram illustrating a configuration of a communicator in a wireless
communication system according to an embodiment of the disclosure;

FIG. 5A is a view illustrating an example of a coverage in a case where an uplink
control channel is used for each carrier in a wireless communication system according
to an embodiment of the disclosure;

FIG. 5B is a view illustrating an example of a coverage in a case where an uplink
control channel is shared between carriers in a wireless communication system
according to an embodiment of the disclosure;

FIG. 6 is a view illustrating an example of a downlink performance degradation due
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to a difference between slot lengths in a wireless communication system according to
an embodiment of the disclosure;
FIG. 7 is a view illustrating an example of a use state of an uplink control channel for

each area in a wireless communication system according to an embodiment of the
disclosure;

FIG. 8 is a flowchart illustrating an operation of a terminal that performs commu-
nication by using a carrier aggregation (CA) technique in a wireless communication
system according to an embodiment of the disclosure;

FIG. 9 is a flowchart illustrating an operation of a base station that performs commu-
nication by using a CA technique in a wireless communication system according to an
embodiment of the disclosure;

FIG. 10 is a flowchart illustrating an operation of a terminal that manages uplink
control channels in a wireless communication system according to an embodiment of
the disclosure;

FIG. 11 is a flowchart illustrating an operation of a base station that controls uplink
control channels in a wireless communication system according to an embodiment of
the disclosure; and

FIG. 12 is a flowchart illustrating an operation of a base station that determines
switching of a state of an uplink control channel in a wireless communication system
according to an embodiment of the disclosure.

Throughout the drawings, like reference numerals will be understood to refer to like
parts, components, and structures.

Best Mode for Carrying out the Invention

The following description with reference to the accompanying drawings is provided
to assist in a comprehensive understanding of various embodiments of the disclosure as
defined by the claims and their equivalents. It includes various specific details to assist
in that understanding but these are to be regarded as merely exemplary. Accordingly,
those of ordinary skill in the art will recognize that various changes and modifications
of the various embodiments described herein can be made without departing from the
scope and spirit of the disclosure. In addition, descriptions of well-known functions
and constructions may be omitted for clarity and conciseness.

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

the disclosure as defined by the appended claims and their equivalents.
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It is to be understood that the singular forms "a,"” "an," and "the" include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to
"a component surface” includes reference to one or more of such surfaces.

Hereinafter, various embodiments of the disclosure will be described based on an
approach of hardware. However, various embodiments of the disclosure include a
technology that uses both hardware and software, and thus the various embodiments of
the disclosure may not exclude the perspective of software.

Hereinafter, the disclosure relates to an apparatus and a method for managing uplink
control channels in a wireless communication system. Specifically, the disclosure will
describe technology for selectively using at least one uplink control channel during a
carrier aggregation (CA) operation in a wireless communication system.

In the following description, terms, used to refer to: signals; channels; control in-
formation; network entities; elements of an apparatus; a state of a channel (e.g.,
activated or deactivated); and the like, are provided as examples for convenience of de-
scription. Accordingly, the disclosure is not limited to the following terms, and other
terms having equivalent technical meanings may be used.

Further, in the disclosure, in order to determine whether a particular condition is
satisfied or fulfilled, the expression "greater than" or "less than" is used, but this ex-
pression is only a description for expressing an example, and thus does not exclude the
description "greater than or equal to" or "less than or equal to". A condition described
by the expression "greater than or equal to" can be replaced by a condition described
by the expression "greater than". A condition described by the expression "less than or
equal to" can be replaced by a condition described by the expression "less than". A
condition described by the expressions "greater than or equal to" and "less than" can be
replaced by a condition described by the expressions "greater than" and "less than or
equal to".

Further, in the disclosure, various embodiments are described using the terms used in
some communication standards (e.g., third generation partnership project (3GPP)), but
this configuration is only an example for description. Various embodiments may also
be easily modified and applied to another communication system.

FIG. 1 is a view illustrating a wireless communication system according to an em-
bodiment of the disclosure.

FIG. 1 illustrates an example of a base station 110, a terminal 120, and a terminal
130 as some of nodes using a wireless channel in the wireless communication system.
FIG. 1 illustrates only one base station, but may further include another base station
identical or similar to the base station 110.

The base station 110 is a network infrastructure which provides radio access to the

terminals 120 and 130. The base station 110 has a coverage defined by a prede-
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termined geographic area based on the distance over which a signal can be transmitted.
The base station 110 may be referred to as an "access point (AP)", an "eNodeB
(eNB)", a "fifth-generation node (5G node)", a "next-generation nodeB (gNB)", a
"wireless point”, a "transmission/reception point (TRP)", or other terms having
equivalent technical meanings.

Each of the terminals 120 and 130 is an apparatus used by a user, and communicates
with the base station 110 via a wireless channel. In some cases, at least one of the
terminals 120 or 130 may be operated without user involvement. That is, at least one of
the terminals 120 or 130 is an apparatus that performs machine-type communication
(MTC), and may not be carried by a user. Each of the terminals 120 and 130 may be
referred to as a "user equipment (UE)", a "mobile station", a "subscriber station", a
"remote terminal”, a "wireless terminal”, a "user device", or other terms having
equivalent technical meanings.

The base station 110 and the terminals 120 and 130 may transmit and receive radio
signals in a millimeter wave (mmWave) band (e.g., 28 GHz, 30 GHz, 38 GHz, or 60
GHz). In this example, in order to improve a channel gain, the base station 110 and the
terminals 120 and 130 may perform beamforming. In this example, the beamforming
may include transmission beamforming and reception beamforming. That is, the base
station 110 and the terminals 120 and 130 may assign directivity to a transmission
signal or a reception signal. To this end, the base station 110 and the terminals 120 and
130 may select serving beams 112, 113, 121, and 131 via a beam search procedure or a
beam management procedure. After the serving beams 112, 113, 121, and 131 are
selected, subsequent communication may be performed on a resource in a quasi-
co-located (QCL) relationship with a resource for transmission of the serving beams
112, 113, 121, and 131.

When large-scale properties of a channel, via which a symbol on a first antenna port
has been delivered, can be inferred from a channel via which a symbol on a second
antenna port has been delivered, the first antenna port and the second antenna port may
be considered to have a QCL relationship. For example, the large-scale properties may
include at least one of a delay spread, a Doppler spread, a Doppler shift, an average
gain, an average delay, or a spatial receiver parameter.

FIG. 2 is a block diagram illustrating a configuration of a base station in a wireless
communication system according to an embodiment of the disclosure.

The configuration exemplified in FIG. 2 may be understood as a configuration of the
base station 110. The term "...unit", the term ending with the suffix "...or" or "...er", or
the like, which is used below, may refer to a unit for processing at least one function or
operation, and this configuration may be implemented in hardware, software, or a com-

bination of hardware and software.
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Referring to FIG. 2, the base station 110 may include a wireless communicator 210, a
backhaul communicator 220, a storage unit 230, and a controller 240.

The wireless communicator 210 is configured to perform functions of transmitting or
receiving a signal via a wireless channel. For example, the wireless communicator 210
is configured to perform a function of conversion between a baseband signal and a bit
stream according to a physical layer standard of the system. For example, the wireless
communicator 210 is configured to, when data is transmitted, generate complex
symbols by encoding and modulating a transmission bit stream. Also, the wireless
communicator 210 is configured to, when data is received, reconstruct a reception bit
stream by demodulating and decoding a baseband signal.

Further, the wireless communicator 210 is configured to up-convert a baseband
signal into a radio frequency (RF) band signal and then transmit the RF band signal via
an antenna, and is configured to down-convert an RF band signal received via the
antenna into a baseband signal. To this end, the wireless communicator 210 may
include a transmission filter, a reception filter, an amplifier, a mixer, an oscillator, a
digital-to-analog converter (DAC), an analog-to-digital converter (ADC), and the like.
Also, the wireless communicator 210 may include multiple transmission/reception
paths. Further, the wireless communicator 210 may include at least one antenna array
including multiple antenna elements.

In terms of hardware, the wireless communicator 210 may include a digital unit and
an analog unit, and the analog unit may include multiple sub-units according to
operating power, an operating {requency, and the like. The digital unit may be im-
plemented by at least one processor (e.g., a digital signal processor (DSP)).

As described above, the wireless communicator 210 transmits and receives signals.
Accordingly, the entirety or part of the wireless communicator 210 may be referred to
as a "transmitter", a "receiver", or a "transceiver". Also, in the following description,
transmission and reception performed via a wireless channel is used in the sense of
including the execution of the above-described processing by the wireless com-
municator 210.

The backhaul communicator 220 is configured to provide an interface configured to
perform communication with other nodes within a network. That is, the backhaul com-
municator 220 is configured to convert a bit stream transmitted from the base station to
another node, for example, another access node, another base station, an upper node, or
a core network, into a physical signal, and is configured to convert a physical signal
received from another node into a bit stream.

The storage unit 230 is configured to store data, such as a basic program, an ap-
plication program, and configuration information for operation of the base station. The

storage unit 230 may be implemented by a volatile memory, a non-volatile memory, or
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a combination of a volatile memory and a non-volatile memory. Also, the storage unit
230 is configured to provide stored data in response to a request of the controller 240.

The controller 240 is configured to control an overall operation of the base station.
For example, the controller 240 is configured to transmit and receive signals via the
wireless communicator 210 or via the backhaul communicator 220. Also, the controller
240 is configured to record data in the storage unit 230 and read the recorded data
therefrom. Further, the controller 240 may be configured to perform functions of a
protocol stack required by a communication standard. According to another imple-
mentation example, the wireless communicator 210 may include the protocol stack. To
this end, the controller 240 may include at least one processor. According to various
embodiments, the controller 240 may control the base station to perform operations
according to various embodiments described below.

FIG. 3 is a block diagram illustrating a configuration of a terminal in a wireless com-
munication system according to an embodiment of the disclosure.

The configuration exemplified in FIG. 3 may be understood as a configuration of the
terminal 120. The term "...unit", the term ending with the suffix "...or" or "...er", or the
like, which is used below, may refer to a unit for processing at least one function or
operation, and this configuration may be implemented in hardware, software, or a com-
bination of hardware and software.

Referring to FIG. 3, the terminal includes a communicator 310, a storage unit 320,
and a controller 330.

The communicator 310 is configured to perform functions of transmitting or
receiving a signal via a wireless channel. For example, the communicator 310 is
configured to perform a function of conversion between a baseband signal and a bit
stream according to a physical layer standard of the system. For example, the com-
municator 310 is configured to, when data is transmitted, generate complex symbols by
encoding and modulating a transmission bit stream. Also, the communicator 310 is
configured to, when data is received, reconstruct a reception bit stream by de-
modulating and decoding a baseband signal. Further, the communicator 310 is
configured to up-convert a baseband signal into an RF band signal and then transmit
the RF band signal via an antenna, and is configured to down-convert an RF band
signal received via the antenna into a baseband signal. For example, the communicator
310 may include a transmission filter, a reception filter, an amplifier, a mixer, an os-
cillator, a DAC, an ADC, and the like.

Also, the communicator 310 may include multiple transmission/reception paths.
Further, the communicator 310 may include at least one antenna array including
multiple antenna elements. In terms of hardware, the communicator 310 may include a

digital circuit and an analog circuit (e.g., a radio frequency integrated circuit (RFIC)).
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In this example, the digital circuit and the analog circuit may be implemented as one
package. Also, the communicator 310 may include multiple RF chains. Further, the
communicator 310 may perform beamforming.

In addition, the communicator 310 may include different communication modules in
order to process signals in different frequency bands. Further, the communicator 310
may include multiple communication modules in order to support multiple different
radio access technologies. For example, the different radio access technologies may
include Bluetooth low energy (BLE), Wi-Fi, Wi-Fi gigabyte (WiGig), a cellular
network (e.g., long-term evolution (LTE)), and the like. Also, the different frequency
bands may include a super-high frequency (SHF) band (e.g., 2.5 GHz or 5 GHz) and a
mmWave band (e.g., 60 GHz).

As described above, the communicator 310 transmits and receives signals. Ac-
cordingly, the entirety or part of the communicator 310 may be referred to as a
"transmitter”, a "receiver”, or a "transceiver". Also, in the following description,
transmission and reception performed via a wireless channel is used in the sense of
including the execution of the above-described processing by the communicator 310.

The storage unit 320 is configured to store data, such as a basic program, an ap-
plication program, and configuration information for operation of the terminal. The
storage unit 320 may be implemented by a volatile memory, a non-volatile memory, or
a combination of a volatile memory and a non-volatile memory. Also, the storage unit
320 is configured to provide stored data in response to a request of the controller 330.

The controller 330 is configured to control an overall operation of the terminal. For
example, the controller 330 is configured to transmit and receive signals via the com-
municator 310. Also, the controller 330 is configured to record data in the storage unit
320 and read the recorded data therefrom. Further, the controller 330 may be
configured to perform functions of a protocol stack required by a communication
standard. To this end, the controller 330 may include at least one processor or a micro-
processor, or may be a part of a processor. In addition, the controller 330 and a part of
the communicator 310 may be referred to as a "communication processor (CP)".
According to various embodiments, the controller 330 may control the terminal to
perform operations according to various embodiments described below.

FIG. 4 is a block diagram illustrating a configuration of a communicator in a wireless
communication system according to an embodiment of the disclosure.

FIG. 4 illustrates an example of a specific configuration of the wireless com-
municator 210 of FIG. 2 or the communicator 310 of FIG. 3. Specifically, FIG. 4 il-
lustrates a part of the wireless communicator 210 of FIG. 2 or the communicator 310
of FIG. 3, and illustrates an example of elements configured to perform beamforming.

Referring to FIG. 4, the wireless communicator 210 or the communicator 310
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includes an encoder/modulator 402, a digital beamformer 404, multiple transmission
paths 406-1 to 406-N, and an analog beamformer 408.

The encoder/modulator 402 performs channel encoding. At least one of a low-density
parity-check (LDPC) code, a convolution code, or a polar code may be used for
channel encoding. The encoder/modulator 402 generates modulation symbols by
performing constellation mapping. The digital beamformer 404 performs beamforming
for a digital signal (e.g., modulation symbols). To this end, the digital beamformer 404
multiplies the modulation symbols by beamforming weights. In this example, the
beamforming weights are used to change the magnitude and phrase of the signal, and
may be referred to as a "precoding matrix", a "precoder”, or the like. The digital
beamformer 404 outputs the digitally-beamformed modulation symbols to the multiple
transmission paths 406-1 to 406-N. In this example, according to a multiple-input
multiple-output (MIMO) transmission technique, the modulation symbols may be mul-
tiplexed, or the same modulation symbol may be provided to each of the multiple
transmission paths 406-1 to 406-N.

The multiple transmission paths 406-1 to 406-N convert the digitally-beamformed
digital signals into analog signals. To this end, each of the multiple transmission paths
406-1 to 406-N may include an inverse fast Fourier transform (IFFT) calculator, a
cyclic-prefix (CP) inserter, a DAC, and an up-converter. The CP inserter is for an or-
thogonal frequency division multiplexing (OFDM) scheme, and may be omitted when
another physical layer scheme (e.g., a filter bank multi-carrier (FBMC)) is applied.
That is, the multiple transmission paths 406-1 to 406-N provide independent signal
processing procedures for multiple streams generated via the digital beamforming.
However, according to an implementation scheme, some of the elements of the
multiple transmission paths 406-1 to 406-N may be used in common.

The analog beamformer 408 performs beamforming for an analog signal. To this end,
the digital beamformer 404 multiplies the analog signals by beamforming weights. In
this example, the beamforming weights are used to change at least one of magnitude or
phrase of the signal. Specifically, the analog beamformer 408 may be variously
configured according to connection structures between the multiple transmission paths
406-1 to 406-N and the antennas. For example, each of the multiple transmission paths
406-1 to 406-N may be connected to one antenna array. As another example, the
multiple transmission paths 406-1 to 406-N may be connected to one antenna array. As
still another example, the multiple transmission paths 406-1 to 406-N may be
adaptively connected to one antenna array or at least two antenna arrays.

According to embodiments in the present disclosure, a base station in a wireless com-
munication system, the method comprises transmitting configuration information for a

carrier aggregation (CA) operation using a first carrier and a second carrier; and
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transmitting a message for activation or deactivation of an uplink control channel in
the second carrier based on an electric field strength of a channel with a terminal or a
location of the terminal during the CA operation according to the configuration in-
formation.

In some embodiments, the message comprises information on mapping of a resource
of an uplink control channel corresponding to a downlink data channel in the second
carrier.

In some embodiments, wherein the message comprises at least one piece of in-
formation among: information on addition or release of a resource or a resource set of
the uplink control channel in the second carrier; information on a format of the uplink
control channel in the second carrier; information on a downlink data channel corre-
sponding to the uplink control channel in the second carrier; an indicator for indicating
switching of a state of the uplink control channel in the second carrier; or information
indicating a carrier to which another uplink control channel to be alternatively used
belongs.

In some embodiments, the first carrier has a frequency lower than a frequency of the
second carrier, and the first carrier has a slot length greater than a slot length of the
second carrier.

In some embodiments, the uplink control channel in the second carrier is activated
when the terminal is located in a coverage of the uplink control channel in the second
carrier, and the uplink control channel in the second carrier is deactivated when the
terminal is located outside the coverage of the uplink control channel in the second
carrier.

In some embodiments, the method further comprises determining whether to switch a
state of the uplink control channel in the second carrier, based on at least one of a mea-
surement report received from the terminal, an uplink data transmission rate, or an
error rate of uplink control information.

In some embodiments, the method further comprises determining whether to switch a
state of the uplink control channel in the second carrier, based on the location of the
terminal or a distance between the base station and the terminal.

According to embodiments in the present disclosure, a method for operating a
terminal in a wireless communication system, the method comprises receiving con-
figuration information for a carrier aggregation (CA) operation using a first carrier and
a second carrier; and receiving a message for activation or deactivation of an uplink
control channel in the second carrier based on an electric field strength of a channel
with a terminal or a location of the terminal during the CA operation according to the
configuration information.

In some embodiments, the message comprises information on mapping of a resource
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of an uplink control channel corresponding to a downlink data channel in the second
carrier.

In some embodiments, the message comprises at least one piece of information
among: information on addition or release of a resource or a resource set of the uplink
control channel in the second carrier; information on a format of the uplink control
channel in the second carrier; information on a downlink data channel corresponding to
the uplink control channel in the second carrier; an indicator for indicating switching
of a state of the uplink control channel in the second carrier; or information indicating
a carrier to which another uplink control channel to be alternatively used belongs.

In some embodiments, the first carrier has a frequency lower than a frequency of the
second carrier, and the first carrier has a slot length greater than a slot length of the
second carrier.

In some embodiments, the uplink control channel in the second carrier is activated
when the terminal is located in a coverage of the uplink control channel in the second
carrier, and the uplink control channel in the second carrier is deactivated when the
terminal is located outside the coverage of the uplink control channel in the second
carrier.

According to embodiments in the present disclosure, a base station in a wireless com-
munication system, the base station comprising: a transceiver; and at least one
processor operatively coupled to the transceiver, wherein the at least one processor is
configured to control to: transmit configuration information for a carrier aggregation
(CA) operation using a first carrier and a second carrier, and transmit a message for ac-
tivation or deactivation of an uplink control channel in the second carrier based on an
electric field strength of a channel with a terminal or a location of the terminal during
the CA operation according to the configuration information.

In some embodiments, the message comprises at least one piece of information
among: information on mapping of a resource of an uplink control channel corre-
sponding to a downlink data channel in the second carrier; information on addition or
release of a resource or a resource set of the uplink control channel in the second
carrier; information on a format of the uplink control channel in the second carrier; in-
formation on a downlink data channel corresponding to the uplink control channel in
the second carrier; an indicator for indicating switching of a state of the uplink control
channel in the second carrier; or information indicating a carrier to which another
uplink control channel to be alternatively used belongs.

In some embodiments, the uplink control channel in the second carrier is activated
when the terminal is located in a coverage of the uplink control channel in the second
carrier, and the uplink control channel in the second carrier is deactivated when the

terminal is located outside the coverage of the uplink control channel in the second
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whether to switch a state of the uplink control channel in the second carrier, based on
at least one of a measurement report received from the terminal, an uplink data
transmission rate, or an error rate of uplink control information.

According to embodiments in the present disclosure, a terminal in a wireless commu-
nication system, the terminal comprises a transceiver; and at least one processor op-
eratively coupled to the transceiver. The at least one processor is configured to control
to: receive configuration information for a carrier aggregation (CA) operation using a
first carrier and a second carrier, and receive a message for activation or deactivation
of an uplink control channel in the second carrier based on an electric field strength of
a channel with a terminal or a location of the terminal during the CA operation
according to the configuration information.

In some embodiments, the message comprises at least one piece of information
among: information on mapping of a resource of an uplink control channel corre-
sponding to a downlink data channel in the second carrier; information on addition or
release of a resource or a resource set of the uplink control channel in the second
carrier; information on a format of the uplink control channel in the second carrier; in-
formation on a downlink data channel corresponding to the uplink control channel in
the second carrier; an indicator for indicating switching of a state of the uplink control
channel in the second carrier; or information indicating a carrier to which another
uplink control channel to be alternatively used belongs.

In some embodiments, the first carrier has a frequency lower than a frequency of the
second carrier, and the first carrier has a slot length greater than a slot length of the
second carrier.

In some embodiments, the uplink control channel in the second carrier is activated
when the terminal is located in a coverage of the uplink control channel in the second
carrier, and the uplink control channel in the second carrier is deactivated when the
terminal is located outside the coverage of the uplink control channel in the second
carrier.

A wireless communication system according to various embodiments supports a CA
technique. A base station and a terminal may communicate with each other on multiple
carriers via a CA operation. Carriers for a CA operation may have at least one
frequency band among multiple bands available in the wireless communication system.
The multiple available bands may belong to multiple frequency ranges (FRs) classified
according to frequency characteristics. For example, FRs may be referred to as "FR1
and FR2". Specifically, FR1 may refer to an FR less than or equal to a threshold, and
FR2 may refer to an FR greater than or equal to the threshold. As an example, the
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threshold may be 6 GHz or 7.125 GHz. FR2 may include an SHF (mmWave) band. In
the following description, FR1 and FR2 may be referred to as a "low-frequency range/
first FR/first range/low-frequency band/first FR/first band" and a "high-frequency
range/second FR/second range/high-frequency band/second FR/second band", re-
spectively.

As described above, requirements throughout the RF specifications are in many cases
defined separately for different frequency ranges (FR). In some embodiments, the
frequency ranges in which NR can operate according to this version of the speci-

fication are identified as described in Table 1.

Table 1
Frequency range .
designation Corresponding frequency range
FR1 410 MHz - 7125 MHz
FR2 24250 MHz - 52600 MHz

When a carrier in a high-frequency band is used, a coverage may be relatively small.
For example, when a primary cell is configured in a low-frequency band and a
secondary cell is configured in a high-frequency band, the primary cell has a coverage
greater than a coverage of the secondary cell. Further, when a small subcarrier spacing
(SCS) is applied to the primary cell and a large SCS is applied to the secondary cell,
the primary cell has a slot length greater than a slot length of the secondary cell.

In the present disclosure, the subcarrier spacing (SCS) and the slot length can be
referred as a numerology. The numerology may be represented by the parameter p.
Multiple OFDM numerologies are supported as given by Table 42. p and the cyclic
prefix for a bandwidth part are obtained from the higher-layer parameter.

Table 2: Supported transmission numerologies.

4 Af =2 .15[kHz] Cyclic prefix

0 15 Normal

1 30 Normal

2 60 Normal, Extended
3 120 Normal

4 240 Normal

Each of the primary cell and the secondary cell may include at least one of a
downlink data channel, an uplink data channel, a downlink control channel, or an
uplink control channel. In this example, the downlink data channel may be referred to
as a "physical data shared channel (PDSCH)", and the uplink data channel may be
referred to as a "physical uplink control channel (PUCCH)". Acknowledge (ACK) in-

formation for data, transmitted via the downlink data channel, may be transmitted via
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the uplink control channel, and in this example, a carrier used to deliver the data does
not have to be identical to a carrier used to feed back the ACK.

In the present disclosure, the carrier frequency refers to a cell and may be used to
refer to the center frequency of the cell. For example, in case of CA, the primary cell is
described as a primary carrier and the secondary cell is described as the secondary
carrier.

Combinations of the used channels may be identical to, or different from, each other
in the primary cell and the secondary cell. A coverage, in which a CA operation can be
performed, may be changed according to which channels are used in the primary cell
and the secondary cell. That is, when multiple channels are used, an entire coverage is
limited by a channel having the smallest coverage. A coverage becomes larger in the
order of an uplink control channel in FR2, a downlink data channel in FR2, an uplink
control channel in FR1, and an uplink data channel in FR1. This is because signal at-
tenuation becomes larger as a frequency becomes higher and transmission power of a
base station is greater than transmission power of a terminal. This is because an uplink
signal transmitted by the terminal has power which is relatively largely limited. Ac-
cordingly, when an uplink control channel is used in both FR1 and FR2, the entire
coverage is limited by an uplink control channel in FR2. Hereinafter, FIGS. SA and 5B
illustrate specific examples of coverages according to whether an uplink control
channel is used.

FIG. 5A is a view illustrating an example of a coverage in a case where an uplink
control channel is used for each carrier in a wireless communication system according
to an embodiment of the disclosure.

FIG. 5A illustrates an example in which two uplink control channels are operated
when an uplink control channel is operated for each carrier, that is, during a CA
operation using two carriers.

Referring to FIG. 5A, an uplink control channel and a downlink data channel are
used in FR1, and an uplink control channel and a downlink data channel are used in
FR2. In this example, hybrid automatic repeat request (HARQ) acknowledge/negative
acknowledge (ACK/NACK) information for downlink data in FR2 is transmitted via
the uplink control channel in FR2, and HARQ ACK/NACK information for downlink
data in FR1 is transmitted via the uplink control channel in FR1. Accordingly, a
downlink data transmission coverage of FR2 is limited to the uplink control channel in
FR2, and thus is less than in the case of FIG. 5B. In contrast, since frequency band-
specific uplink control channels for data transmission are separately operated, a
downlink performance degradation phenomenon described below can be suppressed.

FIG. 5B is a view illustrating an example of a coverage in a case where an uplink

control channel is shared between carriers in a wireless communication system
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according to an embodiment of the disclosure.

FIG. 5B illustrates an example in which an uplink control channel is operated only in
FR1 when one uplink control channel is operated between carriers, that is, during a CA
operation using two carriers.

Referring to FIG. 5B, an uplink control channel and a downlink data channel are
used in FR1, and a downlink data channel is used in FR2. In this example, HARQ
ACK/NACK information for downlink data in FR2 is transmitted via the uplink
control channel in FR1, and HARQ ACK/NACK information for downlink data in
FR1 is also transmitted via the uplink control channel in FR1. Accordingly, a downlink
data transmission coverage of FR2 is not limited to an uplink control channel in FR2,
but an entire coverage is extended to a coverage of the uplink control channel in FR1.
However, since a frequency band-specific uplink control channel for data transmission
is shared in FR1 and FR2, a downlink performance degradation phenomenon may
occur as described below with reference to FIG. 6.

FIG. 6 is a view illustrating an example of a downlink performance degradation due
to a difference between slot lengths in a wireless communication system according to
an embodiment of the disclosure.

Referring to FIG. 6, different SCSs are applied to FR1 and FR2, and accordingly, re-
spective slot lengths are different. For example, an SCS in FR1 is 30 kHz, and an SCS
in FR2 is 120 kHz. Accordingly, a slot length (e.g., 0.5 ms) in FR1 is about four times
greater than a slot length (e.g., 0.125 ms) in FR2. In this configuration, a time division
duplex (TDD) scheme is employed, and a pattern, in which a flexible (F) slot, a
downlink (D) slot, and an uplink (U) slot are configured, is used.

HARQ process is used in NR communication system. The MAC entity includes a
HARQ entity for each Serving Cell, which maintains a number of parallel HARQ
processes. Each HARQ process is associated with a HARQ process identifier. The
HARQ process ID is included in HARQ information. The HARQ information for DL-
SCH, for UL-SCH, or for SL-SCH transmissions consists of New Data Indicator
(NDI), Transport Block size (TBS), Redundancy Version (RV), and HARQ process
ID.

The number of parallel DL HARQ processes per HARQ entity can be predefined.
For example, in downlink, a maximum of 16 HARQ processes per cell is supported by
the UE. The number of processes the UE may assume will at most be used for the
downlink is configured to the UE for each cell separately by higher layer parameter
nrofHARQ-ProcessesForPDSCH (defined in 3GPP TS 38.331), and when no con-
figuration is provided the UE may assume a default number of 8 processes.

ACK/NACK information for downlink data may not be transmitted until an uplink
interval (e.g., a slot) arrives. ACK/NACK information for downlink data in FR2 may
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be transmitted via FR1, and due to the difference between slot lengths in FR1 and FR2,
the number of downlink data in FR2 transmitted until an uplink interval in FR1 arrives
may be greater than the maximum number (e.g., 16) of available HARQ process
identifiers (IDs). In this example, as illustrated in FIG. 6, feedback of ACK/NACK in-
formation may be delayed until all the HARQ process IDs are used, and finally, data
transmission may be stopped in some downlink intervals (e.g., a transmission un-
available interval of FIG. 6) in FR2. This phenomenon causes a downlink throughput
degradation.

As described above, if an uplink control channel is operated for each carrier during a
CA operation using at least two carriers having different coverages and having
different SCSs or slot lengths, a downlink throughput degradation can be prevented,
but a downlink data transmission coverage may be limited by an uplink control
channel used in a high-frequency band. In contrast, when only an uplink control
channel in a carrier at a low frequency is operated, a coverage becomes larger, but a
downlink throughput degradation may occur due to a HARQ round-trip-time (RTT)
difference.

Therefore, the disclosure provides various embodiments of adaptively using an
uplink control channel according to a situation. In the above description, an example of
use of two carriers belonging to different FRs has been described, but the embodiments
described herein may be practiced even when at least three carriers are used or even in
the case of a CA operation using carriers belonging to the same FR.

FIG. 7 is a view illustrating an example of a use state of an uplink control channel for
each area in a wireless communication system according to an embodiment of the
disclosure.

Referring to FIG. 7, a coverage of a base station is divided into two areas 710 and
720. The first area 710 is a coverage in a case where an uplink control channel is not
used in a second carrier belonging to a high-frequency range, and the second area 720
is a coverage in a case where the uplink control channel is used in the second carrier
belonging to the high-frequency range. Accordingly, it is possible to obtain all ad-
vantages of improving downlink throughput and extending a coverage by activating/
deactivating the uplink control channel in the second carrier according to which area a
terminal is located at. Therefore, the first area 710 may be referred to as a "2-PUCCH
area", and the second area 720 may be referred to as a "1-PUCCH area".

When the terminal is located in the second area 720, the base station may activate the
uplink control channel in the second carrier, and thus may control to transmit, on the
second carrier, ACK/NACK information for downlink data of the second carrier.
Further, when the terminal is located outside the second area 720, the base station may

deactivate the uplink control channel in the second carrier, may allow sharing of an
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uplink control channel in a first carrier, and thus may control to transmit, on the first
carrier, ACK/NACK information for downlink data of the second carrier. Control of
the uplink control channel in the second carrier, that is, switching of the number of
activated uplink control channels, is performed at a boundary between the first area
710 and the second area 720. Accordingly, the base station can achieve higher
throughput in the second area 720 while extending the coverage thereof to the first area
710.

In this example, deactivation of a channel implies that control is performed not to use
the channel or the channel is not used. Specifically, deactivation of a channel may be
understood as release of configuration of the channel, transition to a state in which the
channel is not used while maintaining configuration of the channel, release of a
resource allocated for the channel, or as an operation having a technical meaning
similar thereto. Similarly, activation of a channel may be understood as establishment
of configuration of the channel, transition to a state in which the channel can be used
while maintaining configuration of the channel, allocation of a resource for the
channel, or as an operation having a technical meaning similar thereto.

FIG. 8 is a flowchart illustrating an operation of a terminal that performs commu-
nication by using a CA technique in a wireless communication system according to an
embodiment of the disclosure.

FIG. 8 illustrates an example of an operating method of the terminal 120.

Referring to FIG. 8, in operation 801, the terminal receives information on a con-
figuration for CA. For a CA operation, the terminal may receive, from a base station,
information on a CA configuration, and may configure hardware and a resource (e.g., a
time-frequency resource or identification information) according to the received in-
formation. The information on the CA configuration may include an indication of
addition of a secondary cell, information on used carriers, and information on a
channel in each carrier. For example, the information on the CA configuration may be
received via a radio resource control (RRC) message. In an embodiment, it is assumed
that two carriers are used for a CA operation.

In operation 803, the terminal uses two uplink control channels in a first situation. In
other words, the terminal uses an uplink control channel for each carrier in the first
situation. For example, the first situation may refer to a situation in which the terminal
is located in a coverage of an uplink control channel in a second carrier having a
frequency higher than that of a first carrier. Accordingly, the terminal may transmit, on
the first carrier, ACK/NACK information for data received on the first carrier, and may
transmit, on the second carrier, ACK/NACK information for data received on the
second carrier.

In operation 8035, the terminal uses one uplink control channel in a second situation.
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In other words, the terminal uses an uplink control channel shared between carriers in
the second situation. For example, the second situation may refer to a situation in
which the terminal is located outside a coverage of an uplink control channel in the
second carrier having a frequency higher than that of the first carrier. Accordingly, the
terminal may transmit, on the first carrier, ACK/NACK information for data received
on the first carrier, and may transmit, on the first carrier, ACK/NACK information for
data received on the second carrier.

FIG. 9 is a flowchart illustrating an operation of a base station that performs commu-
nication by using a CA technique in a wireless communication system according to an
embodiment of the disclosure.

FIG. 9 illustrates an example of an operating method of the base station 110.

Referring to FIG. 9, in operation 901, the base station transmits information on a
configuration for CA. For a CA operation, the base station may transmit, to a terminal,
information on a CA configuration, and may configure hardware and a resource (e.g., a
time-frequency resource or identification information) for the CA operation, according
to the transmitted information. The information on the CA configuration may include
an indication of addition of a secondary cell, information on used carriers, and in-
formation on a channel in each carrier. For example, the information on the CA con-
figuration may be transmitted via an RRC message. In an embodiment, it is assumed
that two carriers are used for a CA operation.

In operation 903, the base station uses two uplink control channels in a first situation.
In other words, the terminal uses an uplink control channel for each carrier in the first
situation. For example, the first situation may refer to a situation in which the terminal
is located in a coverage of an uplink control channel in a second carrier having a
frequency higher than that of a first carrier. Accordingly, the base station may receive,
on the first carrier, ACK/NACK information for data transmitted on the first carrier,
and may receive, on the second carrier, ACK/NACK information for data transmitted
on the second carrier.

In operation 905, the base station uses one uplink control channel in a second
situation. In other words, the terminal uses an uplink control channel shared between
carriers in the second situation. For example, the second situation may refer to a
situation in which the terminal is located outside a coverage of an uplink control
channel in the second carrier having a frequency higher than that of the first carrier.
Accordingly, the base station may receive, on the first carrier, ACK/NACK in-
formation for data transmitted on the first carrier, and may receive, on the first carrier,
ACK/NACK information for data transmitted on the second carrier.

In the embodiments described with reference to FIGS. § and 9, an example of use of

two carriers is described. However, even when a CA operation using at least three
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carriers is performed, the operations as illustrated in FIGS. 8 and 9 may be performed.
That is, for two carriers among the at least three carriers, the operations as illustrated in
FIGS. 8 and 9 may be performed. In other words, among the at least three carriers, one
carrier having a regularly-activated uplink control channel and at least another carrier
having a selectively-activated uplink control channel may be construed to be one pair
or group, and under this configuration, the base station and the terminal may perform
the above-described operations. For example, when a CA operation using carrier #1,
carrier #2, carrier #3, and carrier #4 is performed, the above-described operations may
be performed for carrier #1 and carrier #2, and the above-described operations may be
performed for carrier #3 and carrier #4. In addition, the above-described operations
may be performed together for carrier #1 and carrier #3. That is, the embodiments
described with reference to FIGS. 8 and 9 may be easily extended to the CA operation
using at least three carriers.

FIG. 10 is a flowchart illustrating an operation of a terminal that manages uplink
control channels in a wireless communication system according to an embodiment of
the disclosure.

FIG. 10 illustrates an example of an operating method of the terminal 120.

Referring to FIG. 10, in operation 1001, the terminal receives a message related to a
configuration of an uplink control channel. The message includes information for
changing a configuration of an uplink control channel in a carrier belonging to a high-
frequency range among carriers used for a CA operation. In this example, the message
may be received on a first carrier or a second carrier. For example, the message may be
an RRC message, a medium access control (MAC) control element (CE), or downlink
control information (DCI).

In operation 1003, the terminal adds or releases an uplink control channel according
to the message. The terminal changes a state of an uplink control channel in the second
carrier according to an indication of the message. That is, when addition of an uplink
control channel in the second carrier is indicated in a state in which an uplink control
channel in the second carrier is deactivated, the terminal activates the uplink control
channel in the second carrier. In contrast, when release of the uplink control channel in
the second carrier is indicated in a state in which the uplink control channel in the
second carrier is activated, the terminal deactivates the uplink control channel in the
second carrier.

FIG. 11 is a flowchart illustrating an operation of a base station that controls uplink
control channels in a wireless communication system according to an embodiment of
the disclosure.

FIG. 11 illustrates an example of an operating method of the base station 110.

Referring to FIG. 11, in operation 1101, the base station determines whether to add
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or release an uplink control channel. In a state in which an uplink control channel in a
second carrier is deactivated, the base station may determine that an uplink control
channel in the second carrier is to be added. Alternatively, in a state in which the
uplink control channel in the second carrier is activated, the base station may
determine that the uplink control channel in the second carrier is to be released.
According to various embodiments, the base station may determine whether a state of
the uplink control channel in the second carrier has been changed, based on at least one
of alocation of a terminal and channel quality.

In operation 1103, the base station transmits a message related to a configuration of
an uplink control channel. The message includes information for changing a con-
figuration of an uplink control channel in a carrier belonging to a high-frequency range
among carriers used for a CA operation. In this example, the message may be
transmitted on a first carrier or the second carrier. For example, the message may be an
RRC message, a MAC CE, or DCL

In the embodiments described with reference to FIGS. 10 and 11, the base station and
the terminal transmit and receive messages for activation/deactivation of an uplink
control channel in the second carrier. In this example, the message may be an RRC
message, a MAC CE, or DCI.

According to an embodiment, a message is an RRC message, and may include in-
formation on mapping of a resource of an uplink control channel corresponding to
downlink data of the second carrier. For example, the RRC message may include a
parameter named "PUCCH-config". PUCCH-config may include at least one piece of
information among: information on addition or release of a resource or a resource set
of an uplink control channel in the second carrier; information on a format; or in-
formation on a corresponding downlink data channel. For example, the RRC message
may indicate mapping of a resource of an uplink control channel corresponding to
downlink data of the second carrier, and the indicated resource may be a resource of
the first carrier or a resource of the second carrier.

According to another embodiment, a message is an RRC message, and may include
at least one parameter defined for the purpose of indicating activation/deactivation of
an uplink control channel as described above. For example, the RRC message may
include at least one of: an indicator for indicating switching of a state of an uplink
control channel in the second carrier; or information indicating a carrier to which
another uplink control channel, which is to be alternatively used when an uplink
control channel is deactivated, belongs.

FIG. 12 is a flowchart illustrating an operation of a base station that determines
switching of a state of an uplink control channel in a wireless communication system

according to an embodiment of the disclosure.
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FIG. 12 illustrates an example of an operating method of the base station 110.

Referring to FIG. 12, in operation 1201, the base station acquires information for de-
termination of a situation of a terminal. The information includes at least one of mea-
surement information reported by the terminal, a transmission rate of an uplink
channel, an error rate of uplink information, or location estimation information of the
terminal.

In operation 1203, the base station determines whether to add or release an uplink
control channel, based on the acquired information. The base station may determine
whether the terminal is located in a coverage of an uplink control channel in a second
carrier having a frequency higher than that of a first carrier, based on the acquired in-
formation, and may determine whether to switch a state of the uplink control channel
in the second carrier, based on whether the terminal is located in the coverage of the
uplink control channel in the second carrier. For example, if it is determined that the
terminal is not located in the coverage of the uplink control channel in the second
carrier in a state in which the uplink control channel in the second carrier is activated,
the base station may determine that the uplink control channel is to be released. If it is
determined that the terminal is located in the coverage of the uplink control channel in
the second carrier in a state in which the uplink control channel in the second carrier is
deactivated, the base station may determine that an uplink control channel is to be
added.

In the embodiment described with reference to FIG. 12, the base station acquires in-
formation for determination of whether to switch a state of the uplink control channel
in the second carrier. In this example, respective pieces of the used information may be
different according to various embodiments. For example, the information may include
information for determination of an electric field strength or information for estimation
of a location.

In the present disclosure, embodiments according to schemes of operating PUCCH
channel(s) (hereinafter, an adaptive PUCCH operating technique) have been described
based on the CA situation of FR1 and FR2, but the embodiments of the present
disclosure are not interpreted as being specified only in this situation. That is, if the
different numerologies are used in two cells, the adaptive PUCCH operation technique
according to the examples of the present disclosure can be applied in any case. In some
embodiments, the adaptive PUCCH operation technique of the present disclosure may
be applied in a CA case having different numerology even in the same frequency
range. Furthermore, in some embodiments, the adaptive PUCCH operation technique
of the present disclosure may be applied in dual connectivity (DC) of FR1-FR2. Fur-
thermore, in some embodiments, the adaptive PUCCH operation technique can be

applied base the number of HARQ processes (for example, the configured number of
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HARQ processes or the maximum number of HARQ processes).

According to an embodiment, a measurement report from the terminal may be used
as the information. The terminal may measure channel quality (e.g., reference signal
received power (RSRP) or reference signal received quality (RSRQ)) by using a
transmission side signal (e.g., a reference signal (RS) or a synchronization signal) of
the base station, and may report the measured channel quality to the base station. The
base station may determine an electric field strength by using the reported mea-
surement information. When the electric field strength exceeds a threshold, the base
station may determine that the terminal is located within an uplink control channel in
the second carrier.

According to an embodiment, a data transmission rate of an uplink data channel may
be used as the information. After the terminal receives uplink data on the second
carrier, the base station performs demodulation and decoding. Accordingly, the base
station may identify an uplink data transmission rate. A high uplink data transmission
rate implies that an electric field is good. Accordingly, when the uplink data
transmission rate exceeds a threshold, the base station may determine that the terminal
is located within an uplink control channel in the second carrier.

According to an embodiment, a detection error rate of uplink control information
(UCI) may be used as the information. The terminal may transmit uplink control in-
formation via an uplink control channel, and the base station may detect the uplink
control information. The base station may determine success or failure of the detection,
and thus may identify a detection error rate of the uplink control information. A low
detection error rate implies that an electric field is good. Accordingly, when the
detection error rate of the uplink control information is less than a threshold, the base
station may determine that the terminal is located within an uplink control channel in
the second carrier.

According to an embodiment, location information of the terminal may be used as
the information. For example, the terminal may estimate a location thereof (e.g., by
using a global positioning system (GPS)), and may transmit information on the
estimated location to the base station. Accordingly, the base station may identify the
location of the terminal or a distance between the base station and the terminal, and
thus may determine whether the terminal is located within an uplink control channel in
the second carrier.

According to an embodiment, information which can be used to estimate a location
of the terminal may be used as the information. For example, when a location within a
building is to be estimated, information related to communication, which is based on
another radio access technology (RAT) (e.g., a wireless local area network (LAN))

which is not RAT for communication with the base station, may be used to estimate a
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location of the terminal. For example, the information which can be used to estimate
the location of the terminal may include a wireless LAN access point (AP) located near
the terminal (e.g., which is available via search) or identification information of a
channel. In this example, the base station may identify an AP corresponding to the
acquired identification information based on pre-stored AP-specific location in-
formation, and may then estimate a location of the terminal based on the location of the
AP. Accordingly, the base station may identify the location of the terminal or the
distance between the base station and the terminal, and may determine whether the
terminal is located within an uplink control channel in the second carrier.

In the above-described determination operation which is based on an electric field
strength at the terminal, the base station may make a determination based on an electric
field strength of at least one of two carriers, that is, the first carrier belonging to a low-
frequency range and the second carrier belonging to a high-frequency range. Since an
object of the determination is whether the terminal is located in a coverage of the
uplink control channel in the second carrier, an electric field of the second carrier may
be used. In this regard, when a determination is made based on only the electric field
strength of the second carrier, frequent signaling overhead for activation/deactivation
of the uplink control channel may occur due to a temporary degradation of an electric
field strength.

Therefore, the base station may further consider an electric field strength of the first
carrier so as to determine whether an electric field strength is temporarily changed, and
may then control the uplink control channel of the second carrier. For example, when
an electric field strength of the second carrier and an electric field strength of the first
carrier are both less than or equal to a threshold, the base station may determine that an
electric field strength is not temporarily degraded. In contrast, when an electric field
strength of the second carrier is less than or equal to the threshold but an electric field
strength of the first carrier is greater than or equal to the threshold, the base station
may determine that an electric field strength is temporarily degraded. In this example,
a threshold for the first carrier may be different from a threshold for the second carrier.

In the above-described determination operation which is based on a location of the
terminal, the base station may estimate a location of the terminal or a distance between
the base station and the terminal based on an electric field strength of at least one of
two carriers, that is, the first carrier belonging to a low-frequency range and the second
carrier belonging to a high-frequency range. That is, the base station may determine
whether to switch a state of an uplink control channel in the second carrier, based on at
least one of measurement information on the first carrier, a data transmission rate, or
control information error rate.

According to the above-described various embodiments, at least one of uplink
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control channels for the terminal that performs a CA operation may be selectively used
according to a situation. In this example, uplink data channels may also be selectively
used according to a situation. To this end, according to an embodiment, the base
station does not allocate a resource for an uplink data channel which is to be de-
activated, and thus may control such that an uplink data channel is not used in a corre-
sponding carrier. That is, the base station may change a state of an uplink data channel
via scheduling. According to another embodiment, the base station may transmit a
message for transition of a state of an uplink data channel.

When a data channel is selectively used, the base station may deactivate an uplink
data channel in the second carrier, and may control to transmit all uplink traffics via an
uplink data channel in the first carrier. As an example, when the terminal requests al-
location of an uplink resource to the second carrier and then an uplink data channel in
the second carrier is deactivated before the allocation of the uplink resource, the base
station may allocate, to the first carrier, the uplink resource corresponding to a corre-
sponding request. In this example, control information for allocation of an uplink
resource may include information which explicitly or implicitly notifies that an uplink
resource is allocated to the first carrier at the request for allocation of an uplink
resource to the second carrier.

While the disclosure has been shown and described with reference to certain various
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 and their equivalents.
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Claims

A method performed by a terminal in a wireless communication
system, the method comprising:

receiving, from a base station, configuration information for a first cell
using a first numerology and a second cell using a second numerology;
and

identifying an uplink control channel for control information associated
with the second cell based on the configuration information,

wherein a slot length of the first cell is longer than a slot length of the
second cell.

The method of claim 1, further comprising:

obtaining information for a first PUCCH on the first cell and in-
formation for a second PUCCH on the second cell,

wherein the uplink control channel for the control information as-
sociated with the second cell comprises one of the first PUCCH on the
first cell or the second PUCCH on the second cell.

The method of claim 2, further comprising:

based on identifying that the uplink control channel comprises the first
PUCCH, transmitting hybrid automatic repeat request-acknowledge
(HARQ-ACK) feedback for first data and second data on the first
PUCCH; and

based on identifying that the uplink control channel comprises the
second PUCCH, transmitting HARQ feedback for the first data on the
first PUCCH and HARQ feedback for the second data on the second
PUCCH,

wherein the first cell corresponds to a frequency range 1 (FR1), and
wherein the second cell corresponds to a frequency range 2 (FR2).

The method of claim 2, further comprising:

transmitting a signal for notifying the second PUCCH is unavailable
based on a number of hybrid automatic repeat request (HARQ) process
configured to the UE and a difference between the first numerology and
the second numerology.

The method of claim 2, further comprising:

receiving a medium access control (MAC) control element (CE) for ac-
tivation or deactivation of the second PUCCH on the second cell.

The method of claim 2, further comprising:

receiving a radio resource control (RRC) message for indicating a state
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of the uplink control channel for the control information associated
with the second cell.

The method of claim 1, wherein the uplink control channel for the
control information associated with the second cell is determined based
on at least one of a measurement report, an uplink data transmission
rate, or an error rate of uplink control information, or a distance
between the base station and the terminal.

A method performed by a base station in a wireless communication
system, the method comprising:

at least one transceiver; and

at least one processor coupled to the at least one transceiver, configured
to:

transmitting, to the terminal, configuration information for a first cell
using a first numerology and a second cell using a second numerology;
and

receiving, from the terminal, control information associated with the
second cell on an uplink control channel associated with the con-
figuration information,

wherein a slot length of the first cell is longer than a slot length of the
second cell.

The method of claim 8, further comprising:

obtaining information for a first PUCCH on the first cell and in-
formation for a second PUCCH on the second cell,

wherein the uplink control channel for the control information as-
sociated with the second cell comprises one of the first PUCCH on the
first cell or the second PUCCH on the second cell.

The method of claim 9, further comprising:

based on identifying that the uplink control channel comprises the first
PUCCH, transmitting HARQ-ACK feedback for first data and second
data on the first PUCCH; and

based on identifying that the uplink control channel comprises the
second PUCCH, transmitting HARQ feedback for the first data on the
first PUCCH and HARQ feedback for the second data on the second
PUCCH,

wherein the first cell corresponds to a frequency range 1 (FR1), and
wherein the second cell corresponds to a frequency range 2 (FR2).
The method of claim 9, further comprising:

receiving a medium access control (MAC) control element (CE) for ac-
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tivation or deactivation of the second PUCCH on the second cell.

The method of claim 8, further comprising:

receiving a radio resource control (RRC) message for indicating a state
of the uplink control channel for the control information associated
with the second cell.

The method of claim 8, wherein the uplink control channel for the
control information associated with the second cell is determined based
on at least one of a measurement report, an uplink data transmission
rate, or an error rate of uplink control information, or a distance
between the base station and the terminal.

A terminal in a wireless communication system, the terminal
comprising

at least one transceiver; and

at least one processor coupled to the at least one transceiver, configured
to implement one of claims 1 to 7.

A base station in a wireless communication system, the base station
comprising

at least one transceiver; and

at least one processor coupled to the at least one transceiver, configured

to implement one of claims § to 13.
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