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(57) ABSTRACT

An electronic device includes at least one antenna, a Wi-Fi
module including a plurality of processing circuits perform-
ing communication using the at least one antenna, and a
processor configured to determine whether the Wi-Fi mod-
ule is simultaneously operating in a plurality of frequency
bands, to obtain a number of processing circuits that are
operating in the Wi-Fi module if the Wi-Fi module is
simultaneously operating in the plurality of frequency
bands, and to reduce a transmission power level of the Wi-Fi
module based on the number of processing circuits that are
operating.
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ELECTRONIC DEVICE AND
TRANSMISSION POWER CONTROLLING
METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on and claims priority under 35
US.C. § 119 to Korean Patent Application No. 10-2017-
0039556, filed on Mar. 28, 2017, in the Korean Intellectual
Property Office, the disclosure of which is incorporated by
reference herein in its entirety.
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antenna, and a processor configured to determine whether
the Wi-Fi module is simultaneously operating in a plurality
of frequency bands, to obtain the number of processing
circuits that are operating in the Wi-Fi module if the Wi-Fi
module is simultaneously operating in the plurality of fre-
quency bands, and to reduce a transmission power level of
the Wi-Fi module based on the number of processing circuits
that are operating.

In accordance with an aspect of the present disclosure, a
transmission power level controlling method of an electronic
device includes determining whether a Wi-Fi module is
simultaneously operating in a plurality of frequency bands,
wherein the Wi-Fi module includes a plurality of processing

BACKGROUND circuits configured to perform communication using at least
15 one antenna, obtaining the number of processing circuits
Field that are operating in the Wi-Fi module if the Wi-Fi module

The present disclosure relates to a transmission power
controlling method of an electronic device that performs
wireless communication.

Description of Related Art

With the development of electronic technologies, various
electronic devices are being developed. Nowadays, portable
electronic devices such as a smartphone, a tablet PC, and the
like are widely used. While providing various services such
as photo shooting, music playback, video playback, an
e-mail service, a social networking service (SNS), and the
like, the portable electronic devices are becoming smaller
and lighter due to their portability.

The recently released electronic devices are supporting a
number of wireless communication technologies to provide
various services to a user. The wireless communication
technologies may improve the portability of an electronic
device. However, various types of electromagnetic waves
generated in wireless communication may negatively affect
the user’s body. Accordingly, each country regulates elec-
tromagnetic waves so as to satisfy the standard for specific
absorption rate (SAR), which is an indicator of the absorp-
tion rate of electromagnetic waves to the user’s body.

For the purpose of satisfying the standard for SAR,
manufacturers of electronic devices are uniformly reducing
the transmit power level of a wireless communication mod-
ule in certain situations (e.g., in the case of contacting with
a user’s body).

As the electronic device has various functions, the elec-
tronic device may simultaneously perform wireless commu-
nication in various frequency bands using various wireless
communication technologies. In this case, the above-de-
scribed standard may not satisfy the SAR standard. In
addition, when uniformly reducing the transmission power
level regardless of the state of the electronic device, the
function of the electronic device may deteriorate by exces-
sively limiting the transmission power.

SUMMARY

Example embodiments disclosed in the present disclosure
provide an electronic device that is capable of effectively
controlling a transmission power level depending on the
state of the electronic device, and a transmission power
controlling method of the electronic device.

In accordance with an aspect of the present disclosure, an
electronic device includes at least one antenna, a Wi-Fi
module including a plurality of processing circuits config-
ured to perform communication using the at least one
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is simultaneously operating in the plurality of frequency
bands, and reducing a transmission power level of the Wi-Fi
module based on the number of processing circuits.

According to various embodiments of the present disclo-
sure, the transmission power level of'a Wi-Fi module may be
effectively controlled in consideration of the number of
running cores and the state of an electronic device.

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
conjunction with the annexed drawings, discloses various
embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 is a block diagram illustrating an example con-
figuration of an electronic device according to various
embodiments of the present disclosure;

FIG. 2 is a block diagram illustrating an example con-
figuration of a Wi-Fi module, according to various embodi-
ments of the present disclosure;

FIG. 3 is a block diagram illustrating an example con-
figuration of a Wi-Fi module, according to various embodi-
ments of the present disclosure;

FIG. 4 is a flowchart illustrating an example transmission
power level controlling method of an electronic device,
according to various embodiments of the present disclosure;

FIG. 5 is a flowchart illustrating an example transmission
power level controlling method of an electronic device,
according to various embodiments of the present disclosure;

FIG. 6 is a flowchart illustrating an example transmission
power level controlling method of an electronic device,
according to various embodiments of the present disclosure;
and

FIG. 7 is a block diagram illustrating an electronic device
in a network environment, according to various embodi-
ments.

Throughout the drawings, it should be noted that like
reference numbers are used to depict the same or similar
elements, features, and structures.

DETAILED DESCRIPTION

Hereinafter, various example embodiments of the present
disclosure will be described with reference to accompanying
drawings. Accordingly, those of ordinary skill in the art will
recognize that modifications, equivalents, and/or alterna-
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tives of the various embodiments described herein can be
variously made without departing from the scope and spirit
of the present disclosure. With regard to description of
drawings, similar elements may be marked by similar ref-
erence numerals.

FIG. 1 is a block diagram illustrating an example con-
figuration of an electronic device according to various
embodiments of the present disclosure.

Referring to FIG. 1, an electronic device 100 may include
a wireless communication module (e.g., including commu-
nication circuitry) 105, a radio frequency (RF) front end
circuit 140, an antenna 150, a sensor module 160, a receiver
170, a memory 180, and a main processor (e.g., including
processing circuitry) 190.

According to an embodiment, the wireless communica-
tion module 105 may include various modules including
various communication circuitry, such as, for example, and
without limitation, a wireless fidelity (Wi-Fi) module 110, a
cellular module 120, and a Bluetooth module 130.

According to an embodiment, the Wi-Fi module 110 may
communicate over a Wi-Fi network. For example, the Wi-Fi
module 110 may transmit or receive data (e.g., an image, a
video, or the like) to or from an external electronic device or
may provide an Internet service.

According to an embodiment, the Wi-Fi module 110 may
communicate using a plurality of frequency bands. For
example, and without limitation, the Wi-Fi module 110 may
communicate using a first frequency band (e.g., 2.4 GHz)
and/or a second frequency band (e.g., 5 GHz), or the like.
According to an embodiment, the Wi-Fi module 110 may
support a real simultaneous dual band (RSDB). For
example, the Wi-Fi module 110 may simultaneously com-
municate in a plurality of frequency bands. Using the
antenna 150, the Wi-Fi module 110 may output first trans-
mission power through a first frequency band and, at the
same time, may output second transmission power through
a second frequency band.

According to an embodiment, the cellular module 120
may communicate over a mobile communication network.
For example, and without limitation, the cellular module 120
may provide a voice call, a video call, a text service, or an
Internet service over a mobile communication network, or
the like. According to an embodiment, the cellular module
120 may communicate using 3rd generation (3G), long term
evolution (LTE), 4th generation (4G), and/or 5th generation
(5G) communication technologies.

According to an embodiment, the Bluetooth module 130
may communicate with the external electronic device. For
example, in a state where the Bluetooth module 130 is
connected (or paired) to the external electronic device, the
Bluetooth module 130 may transmit or receive data (e.g., an
image, an audio, or the like).

According to an embodiment, each of the Wi-Fi module
110, the cellular module 120, and the Bluetooth module 130
may control hardware and/or software elements and may
include a processor (including various processing circuitry)
that performs, for example, and without limitation, data
processing, calculation, or the like. For example, the pro-
cessor may include a processing circuit performing data
processing or calculation and/or a control circuit controlling
elements.

According to various embodiments of the present disclo-
sure, at least part (e.g., two or more) of the Wi-Fi module
110, the cellular module 120, and the Bluetooth module 130
may be included in one Integrated Circuit (IC) or an IC
package.
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According to an embodiment, the front end circuit 140
may include various circuitry and connect the wireless
communication module 105 (e.g., the Wi-Fi module 110, the
cellular module 120, and the Bluetooth module 130) to the
antenna 150. According to an embodiment, the front end
circuit 140 may include, for example, and without limita-
tion, a switch. The front end circuit 140 may connect or
disconnect the Wi-Fi module 110, the cellular module 120,
and/or the Bluetooth module 130 to or from the antenna 150
using a switch.

According to an embodiment, the antenna 150 may trans-
mit or receive signal (or data). According to an embodiment,
the antenna 150 may include a plurality of antennas for
communicating in a frequency band used by the Wi-Fi
module 110, the cellular module 120, and/or the Bluetooth
module 130. According to an embodiment, the antenna 150
may include a plurality of antennas that support a multiple
input multiple output (MIMO) system. According to an
embodiment, the antenna 150 may include a multi-band
antenna. For example, the antenna 150 may include a
multi-band antenna that simultaneously operates in the first
frequency band (e.g., 2.4 GHz) and the second frequency
band (e.g., 5 GHz).

According to an embodiment, the sensor module 160 may
sense the state of the electronic device 100. According to an
embodiment, the sensor module 160 may include various
sensors, such as, for example, and without limitation, a
proximity sensor. According to an embodiment, the prox-
imity sensor may detect whether there is an object within a
specified distance (or a location (or distance) of an object
(e.g., a user’s body)). For example, in the case where the
user moves the electronic device near the user’s face to make
a call, the proximity sensor may sense that the object is
present within the specified distance. According to an
embodiment, the sensor module 160 may include a grip
sensor. According to an embodiment, the grip sensor may
sense the grip state of the electronic device 100 of the user.
For example, the grip sensor may include at least one of a
pressure sensor sensing the strength and/or location of the
pressure by the user’s grip and a touch sensor sensing the
touch location by the user’s grip.

According to an embodiment, the receiver 170 may
include various circuitry and output audio. According to an
embodiment, the receiver 170 may output a voice received
from an external electronic device while a line is busy.
According to an embodiment, the receiver 170 may be
activated only in the case where the electronic device 100
makes a call in a proximity call mode to output a voice
signal.

According to an embodiment, the electronic device 100
may further include a speaker outputting the audio in
addition to the receiver 170. The speaker may output an
audio signal at an output level higher than the receiver 170.
For example, the speaker may be activated upon making a
call in a call mode (e.g., a speaker mode) other than the
proximity call mode or upon outputting the audio signal
such as music.

According to an embodiment, the memory 180 may store
transmission power level information (or transmission
power level table) of the wireless communication module
105 (e.g., the Wi-Fi module 110). For example, the memory
180 may store the transmission power level information
according to the state of the electronic device 100 in the
table form. The table may include the transmission power
level information in a normal state (e.g., in a state where the
Wi-Fi module 110 is not simultaneously operating in a
plurality of frequency bands and the electronic device 100 is

Wilus Ex. 2012
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not in a proximity call state) where a transmission power
level is not reduced, and the transmission power level
information in a backoff state where the transmission power
level is reduced.

According to an embodiment, the main processor 190
(e.g., an application processor (AP)) may include various
processing circuitry and control overall operations of the
electronic device 100. For example, the main processor 190
may control each of the wireless communication module
105, the front end circuit 140, the antenna 150, the sensor
module 160, the receiver 170, and the memory 180 to reduce
the transmission power level of the wireless communication
module 105 (e.g., the Wi-Fi module 110) according to
various embodiments of the present disclosure. According to
an embodiment, the main processor 190 may include at least
one processor (e.g., a processing circuit and/or a control
circuit).

According to an embodiment, the main processor 190
may activate the Wi-Fi module 110 based on a user input.
Under control of the main processor 190, the Wi-Fi module
110 may store the transmission power level information
stored in the memory 180, in an internal memory and may
set the transmission power level of each of a plurality of
cores (e.g., 111-1, 111-2, 111-3, and 111-4 in FIG. 2) based
on the transmission power level information. Each of the
plurality of cores (e.g., 111-1, 111-2, 111-3, and 111-4 in
FIG. 2) may transmit data (or a signal) through an antenna
150 connected by the front end circuit 140, based on the set
transmission power level.

According to an embodiment, the main processor 190
may verify/determine/obtain the state of the electronic
device 100 and may reduce the transmission power level of
the wireless communication module 105 based on the state
of the electronic device 100. The main processor 190 may
determine the transmission power level of the wireless
communication module 105 based on the transmission
power level information according to the state of the elec-
tronic device 100 stored in the memory 180. For example,
the main processor 190 may set the transmission power level
of the Wi-Fi module 110 to a first level in a normal state
where the transmission power level is not reduced. If the
Wi-Fi module 110 is simultaneously operating in a plurality
of frequency bands, the main processor 190 may set the
transmission power level of the Wi-Fi module 110 to a
second level lower than the first level. For another example,
if the Wi-Fi module 110 is simultaneously operating in a
plurality of frequency bands, the electronic device 100 is in
a proximity call state, and the cellular module 120 is not in
operation, the main processor 190 may set the transmission
power level of the Wi-Fi module 110 to a third level lower
than the first level. For another example, if the Wi-Fi module
110 is simultaneously operating in the plurality of frequency
bands, the electronic device 100 is in a proximity call state,
and the cellular module 120 is in operation, the main
processor 190 may set the transmission power level of the
Wi-Fi module 110 to the third level. For another example, if
the Wi-Fi module 110 is simultaneously operating in the
plurality of frequency bands, the electronic device 100 is in
a proximity call state, and the cellular module 120 and the
Bluetooth module 130 is in operation, the main processor
190 may set the transmission power level of the Wi-Fi
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module 110 to the fourth level lower than the first level. For
another example, if the Wi-Fi module 110 does not simul-
taneously operate in the plurality of frequency bands, the
electronic device 100 is in a proximity call state, and the
cellular module 120 is in operation, the main processor 190
may set the transmission power level of the Wi-Fi module
110 to a fifth level lower than the first level.

FIG. 2 is a block diagram illustrating an example con-
figuration of a Wi-Fi module, according to various embodi-
ments of the present disclosure.

Referring to FIG. 2, the Wi-Fi module 110 may include a
plurality of cores (or a processing circuit) (e.g., 111-1, 111-2,
111-3, and 111-4). An embodiment is described in FIG. 2 as
the Wi-Fi module 110 includes four cores. However, the
Wi-Fi module 110 is not limited thereto and may include a
large number (e.g., eight) of cores, the number of which is
greater than four. Similarly, the Wi-Fi module 110 may
include less than four cores. According to an embodiment,
each of the plurality of cores 111-1, 111-2, 111-3, and 111-4
may process data. Each of the cores may be the basic unit of
data processing, and, for example, may process data for
transmitting and receiving a packet according to IEEE
802.11 or may control the operation of the Wi-Fi module
110. The Wi-Fi module 110 may simultaneously use the
plurality of cores or may communicate using a part of the
plurality of cores.

According to an embodiment, the main processor 190
may verify (e.g., determine or obtain) the operating state of
each of the plurality of cores 111-1, 111-2, 111-3, and 111-4
included in the Wi-Fi module 110. For example, the main
processor 190 may verify whether each of the plurality of
cores 111-1, 111-2, 111-3, and 111-4 operates (or whether to
transmit or receive data) and/or an operating frequency band
of each of the plurality of cores 111-1, 111-2, 111-3, and
111-4. The main processor 190 may determine whether the
Wi-Fi module 110 is simultaneously operating in a plurality
of frequency bands (or whether to operate in RSDB envi-
ronment), based on the operating state of each of the
plurality of cores 111-1, 111-2, 111-3, and 111-4. According
to another embodiment, the main processor 190 may deter-
mine whether the Wi-Fi module 110 is simultaneously
operating in a plurality of frequency bands, based on an
application being executed. For example, if a specified
application using a plurality of frequencies is executed, the
main processor 190 may determine whether the Wi-Fi
module 110 is simultaneously operating in a plurality of
frequency bands.

According to an embodiment, if the Wi-Fi module 110 is
simultaneously operating in a plurality of frequency bands,
the main processor 190 may reduce the transmission power
level of the Wi-Fi module 110. For example, the main
processor 190 may reduce the transmission power level of at
least one of running cores.

According to an embodiment, if the Wi-Fi module 110 is
simultaneously operating in a plurality of frequency bands,
the main processor 190 may verify the number of cores that
are operating in the Wi-Fi module 110. According to an
embodiment, the number of running cores may be changed
depending on an operating environment of the Wi-Fi module
110. Table 1 illustrates the number of cores that is operating
depending on the operating environment of the Wi-Fi mod-
ule 110.
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TABLE 1
The

Operating number 24 GHz 5 GHz Antenna
environment of cores Corel Core2 Core3 Core4 ANT1 ANT2
2.4 GHz SISO 1 O O

1 O O
2.4 GHz MIMO 2 O O O O
5 GHz SISO 1 O O

1 O O
5 GHz MIMO 2 O O O O
24 GHz + 5 GHz 2 O O O
RSDB & SISO 2 O O O O

2 O O O O

2 O O O
24 GHz + 5 GHz 3 O O O O O
RSDB & 3 O O O O O
2.4 GHz or 5 GHz 3 O O O O O
MIMO 3 O O O O O
24 GHz + 5 GHz 4 O O O O O O
RSDB & MIMO

Referring to Table 1, the number of running cores may be
changed depending on an operating environment of the
Wi-Fi module 110. For example, in the case where the Wi-Fi
module 110 operates in RSDB and single input single output
(SISO) environments, two cores may operate at the same
time. For another example, in the case where the Wi-Fi
module 110 operates in the RSDB environment and one of
a plurality of frequency bands is used for a multiple input
multiple output (MIMO) environment, three cores may
operate at the same time. In the case where the Wi-Fi module
110 operates in the RSDB environment and the plurality of
frequency bands is used for the MIMO environment, four
cores may operate at the same time.

According to an embodiment, the main processor 190
may determine the transmission power level of the Wi-Fi
module 110 depending on the number of cores that are
operating in the Wi-Fi module 110. For example, the main
processor 190 may reduce the transmission power level of at
least one of running cores based on the number of running
cores. According to an embodiment, the main processor 190
may reduce the transmission power level of the Wi-Fi
module 110 depending on the transmission power level
information (or a transmission power level table) stored in
the memory 180. Table 2 illustrates an example of trans-
mission power level information according to the number of
running cores.

TABLE 2

Normal The number of cores Decrement

19 dBm 2 -3 dBm
3 -4 dBm
4 -5 dBm

Referring to Table 2, the transmission power level infor-
mation may include the transmission power level in a
normal state and the decrement of transmission power level
according to the number of running cores. For example, in
the case where the number of cores that are operating is two,
the main processor 190 may reduce the transmission power
level of the running core by 3 dB compared with a normal
state based on the transmission power level information; in
the case where the number of running cores is three, the
main processor 190 may reduce the transmission power
level of the running core by 4 dB based on the transmission
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power level information; and in the case where the number
of running cores is four, the main processor 190 may reduce
the transmission power level of the running core by 5 dB
based on the transmission power level information. Refer-
ring to Table 2, as the number of running cores increases, the
main processor 190 may increase the decrement of the
transmission power level of the Wi-Fi module 110.

According to an embodiment, the memory 180 may store
different transmission power level information for respec-
tive cores (or for each operating frequency band of a core).
According to an embodiment, the main processor 190 may
reduce the transmission power level of each of a plurality of
cores, depending on pieces of transmission power level
information respectively corresponding to a plurality of
cores.

According to an embodiment, the main processor 190
may verify the operating state of the cellular module 120.
For example, the main processor 190 may determine
whether the cellular module 120 is in operation (or whether
data is transmitted and received).

According to an embodiment, the main processor 190
may verify the operating state of the Bluetooth module 130.
For example, the main processor 190 may determine
whether the Bluetooth module 130 is in operation (or
whether the Bluetooth module 130 is connected to another
electronic device or whether data is being transmitted and
received).

According to an embodiment, the main processor 190
may determine whether the electronic device 100 makes a
proximity call using the sensor module 160. For example, if
an object (e.g., a user’s body) is sensed within a specified
distance by a proximity sensor and the receiver 170 is in
operation, the main processor 190 may determine that a user
makes a proximity call.

According to an embodiment, the main processor 190
may determine whether the electronic device 100 is gripped
by the user. For example, if the pressure of the specified
strength is sensed at a specified location by the grip sensor,
the main processor 190 may determine that the electronic
device 100 is gripped by the user.

According to an embodiment, if the Wi-Fi module 110 is
simultaneously operating in a plurality of frequency bands,
the main processor 190 may reduce the transmission power
level of the Wi-Fi module 110, based on at least one of the
above-described various pieces of state information of the
electronic device 100. Table 3 illustrates an example of
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transmission power level information according to the oper-
ating state of the electronic device 100.

TABLE 3

10

111-3, and 111-4. For example, the processor 113 may
reduce the transmission power level of at least one of the
plurality of cores 111-1, 111-2, 111-3, and 111-4, based on
the transmission power level information in Table 2.
According to an embodiment, the processor 113 may

The o receive information about the operating state of the elec-
number of Proximity call tronic device 100 from the main processor 190. For

Normal cores Cellular Bluetooth (Grip) Decrement 3 N
example, the processor 113 may receive, from the main
19 dBm 2 O O O -6 dBm processor 190, at least one of the operating state of the
< é :2 ggiﬁ 10 cellular module 120, the operating state of the Bluetooth
< _3 dBm module 130, call state information (e.g., information asso-
X O O -5 dBm ciated with a proximity call state) of a user, and grip state

X -3 dBm information.

X g "‘21 ggm According to an embodiment, the processor 113 may
3 o) o) @) I dBIrE 15 reduce the transmission power level of at least one of the
X -5 dBm plurality of cores 111-1, 111-2, 111-3, and 111-4, based on
X O -7 dBm information received from the main processor 190. For
X 4 dBm example, the processor 113 may reduce the transmission
power level of at least one of the plurality of cores 111-1,
20 111-2, 111-3, and 111-4, based on the transmission power

Referring to Table 3, the transmission power level infor-
mation may include the transmission power level in a
normal state and the decrement of transmission power level
according to the state of the electronic device 100. For
example, the transmission power level information may
include the decrement of transmission power level according
to the number of running cores, whether a cellular module
operates, whether a Bluetooth module operates, and whether
the electronic device 100 is in a proximity call mode (or
whether the electronic device 100 is gripped).

FIG. 3 is a block diagram illustrating an example con-
figuration of a Wi-Fi module, according to various embodi-
ments of the present disclosure.

Referring to FIG. 3, the Wi-Fi module 110 may include a
plurality of cores (e.g., a processing circuit) 111-1, 111-2,
111-3, and 111-4 and a processor (e.g., a control circuit) 113
that controls the operations of the plurality of cores 111-1,
111-2, 111-3, and 111-4. The processor 113 may be a
processor that controls the operation of the Wi-Fi module
110 under control of the main processor 190. For example,
in an activation (or booting) procedure, the processor 113
may store the transmission power level information stored in
the memory 180, in an internal memory and may set a
transmission power level of each of the plurality of cores
111-1, 111-2, 111-3, and 111-4 based on the transmission
power level information.

According to an embodiment, the processor 113 may
verify the operating state of each of the plurality of cores
111-1, 111-2, 111-3, and 111-4. For example, the processor
113 may verify whether each of the plurality of cores 111-1,
111-2, 111-3, and 111-4 operates (or whether to transmit or
receive data) and/or an operating frequency band of each of
the plurality of cores 111-1, 111-2, 111-3, and 111-4. The
processor 113 may determine whether the Wi-Fi module 110
is simultaneously operating in a plurality of frequency bands
(or whether the Wi-Fi module 110 operates in RSDB envi-
ronment), based on the operating state of each of the
plurality of cores 111-1, 111-2, 111-3, and 111-4. According
to an embodiment, the processor 113 may transmit infor-
mation about the operating states of the plurality of cores
111-1, 111-2, 111-3, and 111-4 to the main processor 190.

According to an embodiment, the processor 113 may
perform a part of the operations of the main processor 190
described with reference to FIG. 2. If the Wi-Fi module 110
is simultaneously operating in a plurality of frequency
bands, the processor 113 may reduce the transmission power
level of at least one of the plurality of cores 111-1, 111-2,
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level information in Table 3.

According to various embodiments of the present disclo-
sure, the transmission power level of the Wi-Fi module 110
may be effectively controlled in consideration of (based on)
the number of running cores and the state of the electronic
device 100.

According to an embodiment of the present disclosure,
the transmission power level of the Wi-Fi module 110 may,
for example, be controlled using the processor 113 included
in the Wi-Fi module 110, instead of the main processor 190,
thereby reducing the data throughput of the main processor
190. In addition, even in the case where the main processor
190 operates in a low-power mode (e.g., a sleep mode), the
mode of the main processor 190 may not be changed to an
awake mode, and the transmission power level of the Wi-Fi
module 110 may be controlled using the processor 113 that
essentially operates in a state where the Wi-Fi module 110
is activated, thereby reducing the power consumption of the
electronic device 100.

According to an embodiment described with reference to
FIGS. 1 to 3, an embodiment is described as the main
processor 190 is a configuration that is separate from the
Wi-Fi module 110, the cellular module 120, and the Blu-
etooth module 130. However, according to an embodiment,
the main processor 190 may be configured as an IC chip or
an [C package with at least part of the Wi-Fi module 110, the
cellular module 120, and the Bluetooth module 130. For
example, at least part of the Wi-Fi module 110, the cellular
module 120, and the Bluetooth module 130 may be placed
in the main processor 190.

FIG. 4 is a flowchart illustrating an example transmission
power level controlling method of an electronic device,
according to various embodiments of the present disclosure.

A flowchart illustrated in FIG. 4 may include operations
which the electronic device 100 illustrated in FIG. 1 pro-
cesses. Even though omitted below, details about the elec-
tronic device 100 described with reference to FIGS. 1 to 3
may be applied to the flowchart illustrated in FIG. 4.

Referring to FIG. 4, in operation 410, the electronic
device 100 (e.g., the main processor 190 or the processor
113) may determine whether a Wi-Fi module is simultane-
ously operating in a plurality of frequency bands (or whether
the Wi-Fi module operates in an RSDB environment). For
example, the electronic device 100 may verify or determine
whether each of a plurality of cores included in the Wi-Fi
module operates (or whether to transmit or receive data)
and/or an operation frequency band of each of the plurality
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of cores. The electronic device 100 may determine whether
the Wi-Fi module is simultaneously operating in the plural-
ity of frequency bands, based on the operating state of each
of the plurality of cores. For another example, the electronic
device 100 may determine whether the Wi-Fi module is
simultaneously operating in the plurality of frequency
bands, based on an application being executed.

According to an embodiment, if the Wi-Fi module is
simultaneously operating in the plurality of frequency
bands, in operation 420, the electronic device 100 (e.g., the
main processor 190 or the processor 113) may verify or
obtain the number of processing circuits (or cores) that are
operating in the Wi-Fi module.

According to an embodiment, in operation 430, the elec-
tronic device 100 (e.g., the main processor 190 or the
processor 113) may reduce the transmission power level of
the Wi-Fi module based on the number of processing circuits
that are operating in the Wi-Fi module. According to an
embodiment, the electronic device 100 may reduce the
transmission power level of the Wi-Fi module depending on
the transmission power level information (or a transmission
power level table) stored in a memory. For example, the
electronic device 100 may control the transmission power
level of each of the plurality of processing circuits included
in the Wi-Fi module, based on one piece of transmission
power level information. According to another embodiment,
the electronic device 100 may control the transmission
power level of each of a plurality of processing circuits,
depending on pieces of transmission power level informa-
tion respectively corresponding to the plurality of processing
circuits.

According to an embodiment, as the number of process-
ing circuits that are operating in the Wi-Fi module increases,
the electronic device 100 may increase the decrement of the
transmission power level of the Wi-Fi module.

FIG. 5 is a flowchart illustrating an example transmission
power level controlling method of an electronic device,
according to various embodiments of the present disclosure.

A flowchart illustrated in FIG. 5 may include operations
which the electronic device 100 illustrated in FIG. 1 pro-
cesses. Even though omitted below, details about the elec-
tronic device 100 described with reference to FIGS. 1 to 3
may be applied to the flowchart illustrated in FIG. 5.

Referring to FIG. 5, in operation 510, the electronic
device 100 (e.g., the main processor 190 or the processor
113) may determine whether a Wi-Fi module is simultane-
ously operating in a plurality of frequency bands (or whether
the Wi-Fi module operates in an RSDB environment). For
example, the electronic device 100 may verify or determine
whether each of a plurality of cores included in the Wi-Fi
module operates (or whether to transmit or receive data)
and/or an operation frequency band of each of a plurality of
cores. The electronic device 100 may determine whether the
Wi-Fi module is simultaneously operating in the plurality of
frequency bands, based on the operating state of each of the
plurality of cores. For another example, the electronic device
100 may determine whether the Wi-Fi module is simulta-
neously operating in the plurality of frequency bands, based
on an application being executed.

According to an embodiment, if the Wi-Fi module is
simultaneously operating in the plurality of frequency
bands, in operation 520, the electronic device 100 (e.g., the
main processor 190 or the processor 113) may verify/obtain
the number of processing circuits (e.g., cores) that are
operating in the Wi-Fi module.

According to an embodiment, in operation 530, the elec-
tronic device 100 (e.g., the main processor 190) may verify
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or obtain the operating state of at least one of a cellular
module and a Bluetooth module.

According to an embodiment, in operation 540, the elec-
tronic device 100 (e.g., the main processor 190) may deter-
mine whether the electronic device 100 is in a proximity call
mode and/or whether the electronic device 100 is gripped by
a user. For example, if an object (e.g., the user’s body) is
sensed within a specified distance by a proximity sensor and
a receiver is in operation, the electronic device 100 may
determine that a user makes a proximity call. For another
example, if the pressure of the specified strength is sensed at
a specified location by the grip sensor, the electronic device
100 may determine that the electronic device 100 is gripped
by the user.

According to an embodiment, in operation 550, the elec-
tronic device 100 (e.g., the main processor 190 or the
processor 113) may reduce the transmission power level of
the wireless communication module 105, based on at least
one of the state information of the electronic device 100. For
example, the electronic device 100 may set the transmission
power level of the Wi-Fi module 110 to a first level in a
normal state where the transmission power level is not
reduced. If the Wi-Fi module 110 is simultaneously operat-
ing in a plurality of frequency bands, the electronic device
100 may set the transmission power level of the Wi-Fi
module 110 to a second level lower than the first level. For
another example, if the Wi-Fi module 110 is simultaneously
operating in a plurality of frequency bands, the electronic
device 100 is in a proximity call state, and the cellular
module 120 is not in operation, the electronic device 100
may set the transmission power level of the Wi-Fi module
110 to a third level lower than the first level. For another
example, if the Wi-Fi module 110 is simultaneously oper-
ating in the plurality of frequency bands, the electronic
device 100 is in a proximity call state, and the cellular
module 120 is in operation, the electronic device 100 may
set the transmission power level of the Wi-Fi module 110 to
the third level. For another example, if the Wi-Fi module 110
is simultaneously operating in the plurality of frequency
bands, the electronic device 100 is in a proximity call state,
and the cellular module 120 and the Bluetooth module 130
is in operation, the electronic device 100 may set the
transmission power level of the Wi-Fi module 110 to the
fourth level lower than the first level. For another example,
if the Wi-Fi module 110 is not simultaneously operating in
the plurality of frequency bands, the electronic device 100 is
in a proximity call state, and the cellular module 120 is in
operation, the electronic device 100 may set the transmis-
sion power level of the Wi-Fi module 110 to a fifth level
lower than the first level.

According to various embodiments, operation 510 to
operation 540 may be performed regardless of an order. For
example, operation 510 to operation 540 may be performed
at the same time or may be performed depending on an order
different from the order of FIG. 5.

FIG. 6 is a flowchart illustrating an example transmission
power level controlling method of an electronic device,
according to various embodiments of the present disclosure.

A flowchart illustrated in FIG. 6 may include operations
which the electronic device 100 illustrated in FIG. 1 pro-
cesses. Even though omitted below, details about the elec-
tronic device 100 described with reference to FIGS. 1 to 3
may be applied to the flowchart illustrated in FIG. 6.

Referring to FIG. 6, in operation 610, the electronic
device 100 (e.g., the main processor 190 or the processor
113) may determine whether a wireless communication
module (e.g., the Wi-Fi module 110) outputs a plurality of
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transmission powers through a plurality of frequency bands,
or may determine whether the wireless communication
module is simultaneously operating in a plurality of fre-
quency bands (or whether to operate in an RSDB environ-
ment). For example, using one or more antennas, the elec-
tronic device 100 may determine whether the wireless
communication module outputs first transmission power
through a first frequency band and outputs second transmis-
sion power through a second frequency band.

14

(HMD)), one-piece fabric or clothes type of a device (e.g.,
electronic clothes), a body-attached type of a device (e.g., a
skin pad or a tattoo), or a bio-implantable circuit, or the like,
but is not limited thereto. According to embodiments, the
electronic device may include at least one of, for example,
televisions (TVs), digital versatile disc (DVD) players,
audio devices, audio accessory devices (e.g., a speaker, a
headphone, or a headset), a refrigerator, an air conditioner,
a cleaner, an oven, a microwave oven, a washing machine,

According to an embodiment, if the wireless communi- 10 an air cleaner, a set-top box, a home automation control
cation module (e.g., the Wi-Fi module 110) outputs a plu- panel, a security control panel, a game console, an electronic
rality of transmission powers through a plurality of fre- dictionary, an electronic key, a camcorder, or an electronic
quency bands, in operation 620, the electronic device 100 picture frame, or the like, but is not limited thereto.

(e.g., the main processor 190 or the processor 113) may According to another embodiment, the electronic device
verify/obtain the number of processing circuits (e.g., cores) 15 may include at least one of a navigation device, a global
that are operating in the wireless communication module. navigation satellite system (GNSS), an event data recorder

According to an embodiment, in operation 630, the elec- (EDR) (e.g., a black box for a car, a ship, or a plane), a
tronic device 100 (e.g., the main processor 190 or the vehicle infotainment device (e.g., a head-up display for a
processor 113) may determine the power level of each of a vehicle), an industrial or home robot, a drone, an automated
plurality of transmission powers of the wireless communi- 20 teller machine (ATM), a point of sales (POS) device, a
cation module, based on the number of processing circuits measurement device (e.g., a water meter, an electricity
(or cores) that are operating in the wireless communication meter, or a gas meter), or Internet of things (e.g., a light bulb,
module (e.g., the Wi-Fi module 110). For example, the a sprinkler device, a fire alarm, a thermostat, or a street
electronic device 100 may determine the power level of the lamp), or the like, but is not limited thereto. According to an
first transmission power as a first level and may determine 25 embodiment of the disclosure, the electronic device is not
the power level of the second transmission power as a limited to the above-described devices. For example, simi-
second level. According to an embodiment, the electronic larly to a smartphone having function of measuring personal
device 100 may determine the power level of each of the bio-information (e.g., a heart rate or blood glucose), the
plurality of transmission powers depending on the transmis- electronic device may provide functions of multiple devices
sion power level information (or a transmission power level 30 in the complex manner. In the present disclosure, the term
table) stored in a memory. For example, the electronic “user” used herein may refer to a person who uses the
device 100 may determine the transmission power level of electronic device or may refer to a device (e.g., an artificial
the plurality of processing circuits based on one piece of intelligence electronic device) that uses the electronic
transmission power level information or may determine the device.
transmission power level of each of the plurality of process- 35  In the network environment 700 given with reference to
ing circuits depending on pieces of transmission power level FIG. 7, the electronic device 701 (e.g., an electronic device
information respectively corresponding to the plurality of 100) may communicate with a first external electronic
processing circuits. According to an embodiment, as the device 702 through local wireless communication 798 or
number of processing circuits that are operating in a module may communication with a second external electronic
increases, the electronic device 100 may set the transmission 40 device 704 or a server 708 through a network 799. Accord-
power level of the wireless communication module to be ing to an embodiment, the electronic device 701 may
low. communicate with the electronic device 704 through the

According to an embodiment, in operation 640, the elec- server 708.
tronic device 100 (e.g., the main processor 190 or the According to an embodiment, the electronic device 701
processor 113) may change the power level of each of the 45 may include a bus 710, a processor (e.g., including process-
plurality of transmission powers to the determined power ing circuitry) 720 (e.g., the main processor 190), a memory
level. For example, the electronic device 100 may output the 730, an input device 750 (e.g., including input circuitry, such
plurality of transmission powers depending on the power as, for example, and without limitation, a microphone or a
level determined in operation 630. mouse), a display 760, an audio module (e.g., including

FIG. 7 is a block diagram illustrating an electronic device 50 audio circuitry) 770, a sensor module 776, an interface (e.g.,
in a network environment, according to various embodi- including interface circuitry) 777, a haptic module (e.g.,
ments. including haptic circuitry) 779, a camera module 780, a

According to various embodiments disclosed in the pres- power management module 788, a battery 789, a commu-
ent disclosure, the electronic device 701 may include vari- nication module (e.g., including communication circuitry)
ous types of devices. For example, the electronic device 701 55 790, and a subscriber identification module 796. According
may include, for example, and without limitation, at least to an embodiment, the electronic device 701 may not include
one of a portable communication device (e.g., a smart- at least one (e.g., the display 760 or the camera module 780)
phone), a computer device (e.g., a personal digital assistant of the above-described elements or may further include
(PDA), a tablet personal computers (PC), a laptop PC, a other element(s).
desktop PC, a workstation, or a server), a portable multi- 60  For example, the bus 710 may interconnect the above-
media device (e.g., an e-book reader or an MP3 player), a described elements 720 to 790 and may include a circuit for
portable medical device (e.g., a heart rate, blood glucose, conveying signals (e.g., a control message or data) between
blood pressure, or a thermometer), a camera, or a wearable the above-described elements.
device, or the like, but is not limited thereto. A wearable The processor 720 may include various processing cir-
device may include at least one of an accessory type of a 65 cuitry, such as, for example, and without limitation, one or

device (e.g., a timepiece, a ring, a bracelet, an anklet, a
necklace, glasses, a contact lens, or a head-mounted device

more of a dedicated processor, a central processing unit
(CPU), an application processor (AP), a graphic processing
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unit (GPU), an image signal processor (ISP) of a camera or
a communication processor (CP), or the like. According to
an embodiment, the processor 720 may be implemented
with a system on chip (SoC) or a system in package (SiP).
For example, the processor 720 may drive an operating
system (OS) or an application to control at least one of
another element (e.g., hardware or software element) con-
nected to the processor 720 and may process and compute
various data. The processor 720 may load an instruction or
data, which is received from at least one of other elements
(e.g., the communication module 790), into a volatile
memory 732 to process the instruction or data and may store
the process result data into a nonvolatile memory 734.

The memory 730 may include, for example, the volatile
memory 732 and/or the nonvolatile memory 734. The vola-
tile memory 732 may include, for example, a random access
memory (RANI) (e.g., a dynamic RAM (DRAM), a static
RAM (SRAM), or a synchronous dynamic RAM
(SDRAM)). The nonvolatile memory 734 may include, for
example, an one time programmable read-only memory
(OTPROM), a programmable read-only memory (PROM),
an erasable programmable read-only memory (EPROM), an
electrically erasable programmable read-only memory (EE-
PROM), a mask ROM, a flash ROM, a flash memory, a hard
disk drive, or a solid-state drive (SSD). In addition, the
nonvolatile memory 734 may be configured in the form of
an internal memory 736 and/or the form of an external
memory 738 which is available through connection only if
necessary, according to the connection with the electronic
device 701. The external memory 738 may further include a
flash drive such as compact flash (CF), secure digital (SD),
micro secure digital (Micro-SD), mini secure digital (Mini-
SD), extreme digital (xD), a multimedia card (MMC), or a
memory stick. The external memory 738 may be operatively
or physically connected with the electronic device 701 in a
wired manner (e.g., a cable or a universal serial bus (USB))
or a wireless (e.g., Bluetooth) manner.

For example, the memory 730 may store, for example, at
least one different software element, such as an instruction
or data associated with the program 740, of the electronic
device 701. The program 740 may include, for example, a
kernel 741, a library 743, an application framework 745 or
an application program (interchangeably, “application”)
747.

The input device 750 may include various input circuitry,
such as, for example, and without limitation, a microphone,
a mouse, or a keyboard. According to an embodiment, the
keyboard may include a keyboard physically connected or a
keyboard virtually displayed through the display 760.

The display 760 may include a display, a hologram device
or a projector, and a control circuit to control a relevant
device. The screen may include, for example, a liquid crystal
display (LCD), a light emitting diode (LED) display, an
organic LED (OLED) display, a microelectromechanical
systems (MEMS) display, or an electronic paper display, or
the like, but is not limited thereto. According to an embodi-
ment, the display may be flexibly, transparently, or wearably
implemented. The display may include a touch circuitry,
which is able to detect a user’s input such as a gesture input,
a proximity input, or a hovering input or a pressure sensor
(interchangeably, a force sensor) which is able to measure
the intensity of the pressure by the touch. The touch circuit
or the pressure sensor may be implemented integrally with
the display or may be implemented with at least one sensor
separately from the display. The hologram device may show
a stereoscopic image in a space using interference of light.
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The projector may project light onto a screen to display an
image. The screen may be located inside or outside the
electronic device 701.

The audio module 770 may include various audio cir-
cuitry and convert, for example, from a sound into an
electrical signal or from an electrical signal into the sound.
According to an embodiment, the audio module 770 may
acquire sound through the input device 750 (e.g., a micro-
phone) or may output sound through an output device (not
illustrated) (e.g., a speaker or a receiver) included in the
electronic device 701, an external electronic device (e.g., the
electronic device 702 (e.g., a wireless speaker or a wireless
headphone)) or an electronic device 706 (e.g., a wired
speaker or a wired headphone) connected with the electronic
device 701

The sensor module 776 may measure or detect, for
example, an internal operating state (e.g., power or tempera-
ture) or an external environment state (e.g., an altitude, a
humidity, or brightness) of the electronic device 701 to
generate an electrical signal or a data value corresponding to
the information of the measured state or the detected state.
The sensor module 776 may include, for example, at least
one of a gesture sensor, a gyro sensor, a barometric pressure
sensor, a magnetic sensor, an acceleration sensor, a grip
sensor, a proximity sensor, a color sensor (e.g., a red, green,
blue (RGB) sensor), an infrared sensor, a biometric sensor
(e.g., an iris sensor, a fingerprint sensor, a heartbeat rate
monitoring (HRM) sensor, an e-nose sensor, an electromyo-
graphy (EMG) sensor, an electroencephalogram (EEG) sen-
sor, an electrocardiogram (ECG) sensor, a temperature sen-
sor, a humidity sensor, an illuminance sensor, or an UV
sensor. The sensor module 776 may further include a control
circuit for controlling at least one or more sensors included
therein. According to an embodiment, the sensor module
776 may be controlled using the processor 720 or a proces-
sor (e.g., a sensor hub) separate from the processor 720. In
the case that the separate processor (e.g., a sensor hub) is
used, while the processor 720 is in a sleep state, the separate
processor may operate without awakening the processor 720
to control at least a portion of the operation or the state of
the sensor module 776.

According to an embodiment, the interface 777 may
include various interface circuitry, such as, for example, and
without limitation, a high definition multimedia interface
(HDMI), a universal serial bus (USB), an optical interface,
a recommended standard 232 (RS-232), a D-subminiature
(D-sub), a mobile high-definition link (MHL) interface, a
SD card/MMC (multi-media card) interface, or an audio
interface, or the like. A connector 778 may physically
connect the electronic device 701 and the electronic device
706. According to an embodiment, the connector 778 may
include, for example, an USB connector, an SD card/ MMC
connector, or an audio connector (e.g., a headphone con-
nector).

The haptic module 779 may include various haptic cir-
cuitry and convert an electrical signal into mechanical
stimulation (e.g., vibration or motion) or into electrical
stimulation. For example, the haptic module 779 may apply
tactile or kinesthetic stimulation to a user. The haptic module
779 may include, for example, a motor, a piezoelectric
element, or an electric stimulator.

The camera module 780 may capture, for example, a still
image and a moving picture. According to an embodiment,
the camera module 780 may include at least one lens (e.g.,
a wide-angle lens and a telephoto lens, or a front lens and a
rear lens), an image sensor, an image signal processor, or a
flash (e.g., a light emitting diode or a xenon lamp).
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The power management module 788, which is to manage
the power of the electronic device 701, may constitute at
least a portion of a power management integrated circuit
(PMIC).

The battery 789 may include a primary cell, a secondary
cell, or a fuel cell and may be recharged by an external
power source to supply power at least one element of the
electronic device 701.

The communication module 790 may include various

18

The wired communication module 794 may include, for
example, include a local area network (LAN) service, a
power line communication, or a plain old telephone service
(POTS).

For example, the first network 798 may employ, for
example, Wi-Fi direct or Bluetooth for transmitting or
receiving instructions or data through wireless direct con-
nection between the electronic device 701 and the first
external electronic device 702. The second network 799 may

s s . ... 10 include a telecommunication network (e.g., a computer
communication circuitry and establish a communication
. . network such as a LAN or a WAN, the Internet or a
channel between the electronic device 701 and an external o . .
. . . telephone network) for transmitting or receiving instructions
device (e.g., the first external electronic device 702, the - -
) . or data between the electronic device 701 and the second
second extemal e.:lectromc device 704, or the server 708). electronic device 704,
The .con.lmumcat}on module 790. may support wired com- 5 According to embodiments, the instructions or the data
munication or wireless communication through the estab- may be transmitted or received between the electronic
lished communication channel. According to an embodi- device 701 and the second external electronic device 704
ment, the communication module 790 may include a through the server 708 connected with the second network.
wireless communication module 792 or a wired communi- Each of the external first and second external electronic
cation module 794. The communication module 790 may 20 devices 702 and 704 may be a device of which the type is
communicate with the external device (e.g., the first external different from or the same as that of the electronic device
electronic device 702, the second external electronic device 701. According to various embodiments, all or a part of
704 or the server 708) through a first network 798 (e.g. a operations that the electronic device 701 will perform may
wireless local area network such as Bluetooth or infrared be executed by another or a plurality of electronic devices
data association (IrDA)) or a second network 799 (e.g., a 25 (e.g., the first external electronic device 702, the second
wireless wide area network such as a cellular network) external electronic device 704 or the server 708). According
through a relevant module among the wireless communica- to an embodiment, in the case that the electronic device 701
tion module 792 or the wired communication module 794. executes any function or service automatically or in
The wireless communication module 792 may support, response to a request, the electronic device 701 may not
for example, cellular communication, local wireless com- 30 perform the function or the service internally, but may
munication, global navigation satellite system (GNSS) com- alternatively or additionally transmit requests for at least a
munication. The cellular communication may include, for part of a function associated with the electronic device 701
example, long-term evolution (LTE), LTE Advance (LTE- to any other device (e.g., the electronic device 702 or 704 or
A), code division multiple access (CMA), wideband CDMA the server 708). The other electronic device (e.g., the elec-
(WCDMA), universal mobile telecommunications system 35 tronic device 702 or 704 or the server 708) may execute the
(UMTS), wireless broadband (WiBro), or global system for requested function or additional function and may transmit
mobile communications (GSM). The local wireless commu- the execution result to the electronic device 701. The elec-
nication may include wireless fidelity (Wi-Fi), WiFi Direct, tronic device 701 may provide the requested function or
light fidelity, Bluetooth, Bluetooth low energy (BLE), Zig- service using the received result or may additionally process
bee, near field communication (NFC), magnetic secure 40 the received result to provide the requested function or
transmission (MST), radio frequency (RF), or a body area service. To this end, for example, cloud computing, distrib-
network (BAN). The GNSS may include at least one of a uted computing, or client-server computing may be used.
global positioning system (GPS), a global navigation satel- Various embodiments of the present disclosure and terms
lite system (Glonass), Beidou Navigation Satellite System used herein are not intended to limit the technologies
(Beidou), the European global satellite-based navigation 45 described in the present disclosure to specific embodiments,
system (Galileo), or the like. In the present disclosure, and it should be understood that the embodiments and the
“GPS” and “GNSS” may be interchangeably used. terms include modifications, equivalents, and/or alternatives
According to an embodiment, when the wireless commu- of the corresponding embodiments described herein. With
nication module 792 supports cellular communication, the regard to description of drawings, similar elements may be
wireless communication module 792 may, for example, 50 marked by similar reference numerals. The terms of a
identify or authenticate the electronic device 701 within a singular form may include plural forms unless otherwise
communication network using the subscriber identification specified. In the disclosure disclosed herein, the expressions
module (e.g., a SIM card) 796. According to an embodiment, “A or B”, “at least one of A and/or B”, “at least one of A
the wireless communication module 792 may include a and/or B”, “A, B, or C”, or “at least one of A, B, and/or C”,
communication processor (CP) separate from the processor 55 and the like used herein may include any and all combina-
2820 (e.g., an application processor (AP). In this case, the tions of one or more of the associated listed items. Expres-
communication processor may perform at least a portion of sions such as “first,” or “second,” and the like, may express
functions associated with at least one of elements 710 to 796 their elements regardless of their priority or importance and
of the electronic device 701 in substitute for the processor may be used to distinguish one element from another
720 when the processor 720 is in an inactive (sleep) state, 60 element but is not limited to these components. When an
and together with the processor 720 when the processor 720 (e.g., first) element is referred to as being “(operatively or
is in an active state. According to an embodiment, the communicatively) coupled with/to” or “connected to”
wireless communication module 792 may include a plurality another (e.g., second) element, it may be directly coupled
of communication modules, each supporting only a relevant with/to or connected to the other element or an intervening
communication scheme among cellular communication, 65 element (e.g., a third element) may be present.

short-range wireless communication, or a GNSS communi-
cation scheme.

According to the situation, the expression “adapted to or
configured to” used herein may be interchangeably used as,
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for example, the expression “suitable for”, “having the
capacity to”, “changed to”, “made to”, “capable of” or
“designed to”. The expression “a device configured to” may
refer to a situation in which the device is “capable of”
operating together with another device or other components.
For example, a “processor configured to (or set to) perform
A, B, and C” may refer, for example, and without limitation,
to a dedicated processor (e.g., an embedded processor) for
performing corresponding operations or a generic-purpose

20

What is claimed is:

1. An electronic device, comprising:

at least one antenna;

a wireless communication module comprising a plurality
of processing circuits performing communication using
the at least one antenna based on a Wi-Fi protocol; and

one or more processors,

wherein the one or more processors are configured to:

determine whether the wireless communication module is

processor (e.g., a central processing unit (CPU) or an 10 simultaneously operating in a plurality of frequency
application processor) which performs corresponding opera- bands;

tions by executing one or more software programs which are obtain a number of processing circuits that are operating
stored in a memory device (e.g., the memory 830). in the wireless communication module if the wireless

The term “module” used herein may include a unit, which | communication module is simultaneously operating in
is implemented with hardware, software, and/or firmware or the plurality of frequency bands; and
any combination thereof, and may be interchangeably used reduce a transmission power level of the wireless com-
with the terms “logic”, “logical block”, “component™, “cir- munication module based on the number of processing
cuit”, or the like. The “module” may be a minimum unit of circuits that are operating.
an integrated component or a part thereof or may be a 20 2. The electronic device of claim 1, wherein the one or
minimum unit for performing one or more functions or a part more processors are disposed outside the wireless commu-
thereof. The “module” may be implemented mechanically or nication module, and/or
electronically and may include, for example, and without wherein at least one of the one or more processors is
limitation, a dedicated processor, a CPU, an application- disposed inside the wireless communication module.
specific IC (ASIC) chip, a field-programmable gate array 25 3. The electronic device of claim 1, wherein the one or
(FPGA), and a programmable-logic device for performing more processors are configured to:
some operations, or the like, which are known or will be reduce the transmission power level of the wireless com-
developed. munication quule if the number gf processing circuits

According to various embodiments, at least a part of an that are opergtlng e.xceeds a .spe01ﬁed number.
apparatus (e.g., modules or functions thereof) or a method 30 4. The electronic device of claim 1, wherein the one or

g tions) may be, for example, implemented by [nore processors are configured to: ..

.(e 8., opera . i : . increase a decrement of the transmission power level as
instructions stored in a computer-readable storage media . Lo .

. the number of processing circuits that are operating
(e.g., the memory 830) in the form of a program module. The increases.
instruction, when executed by a processor (e.g., a Processor 55 5 The electronic device of claim 1, wherein the wireless
820), may cause.the processor to perform a function corre- communication module further includes a cellular module
sponding to the instruction. The computer-readable record- comprising cellular communication circuitry, and
ing medium may include a hard disk, a floppy disk, a wherein the one or more processors are configured to:
magnetic media (e.g., a magnetic tape), an optical media verify an operating state of the cellular module;
(e.g., a compact disc read only memory (CD-ROM) and a 40  reduce the transmission power level to a first level if the
digital versatile disc (DVD), a magneto-optical media (e.g., cellular module is not in operation; and
a floptical disk)), an embedded memory, and the like. The reduce the transmission power level to a second level
instruction may include codes created by a compiler or lower than the first level if the cellular module is in
codes that are capable of being executed by a computer operation.
using an interpreter. 45 6. The electronic device of claim 1, wherein the wireless

Each element (e.g., a module or a program module) communication module further includes a Bluetooth module
according to various embodiments may be composed of comprisipg Bluetooth circuitry, and
single entity or a plurality of entities, a part of the above- th:reln the One Or more processors are configured to:
described sub-elements may be omitted or may further verify an operating state of the Bluetooth module;
include other elements. Alternatively or additionally, after 50 reduce the transm15519n power level .to a first level if the
being integrated in one entity, some elements (e.g., a module Bluetooth mOdl,ﬂe, 15 not 1n operation; an

- - L reduce the transmission power level to a third level lower

or a program module) may identically or similarly perform . S

: . than the first level if the Bluetooth module is in
the function executed by each corresponding element before operation
integration. According to various embodiments, operations ss 7 The elect.ronic device of claim 1, further comprising:
executed by modules, program modules, or other elements a receiver; and
may be executed by a successive method, a parallel method, a proximity sensor,
a repeated method, or a heuristic method, or at least one part wherein the one or more processors are configured to:
of operations may be executed in different sequences or verify at least one of an operating state of the receiver or
omitted. Alternatively, other operations may be added. 60 the proximity sensor;

While the present disclosure has been illustrated and reduce the transmission power level to a first level if the
described with reference to various example embodiments receiver is not in operation and/or an object is not
thereof, it will be understood by those skilled in the art that sensed by the proximity sensor within a specified
various changes in form and details may be made therein distance; and
without departing from the spirit and scope of the present 65  reduce the transmission power level to a fourth level if the

disclosure as defined by the appended claims and their
equivalents.

receiver is in operation and the object is sensed by the
proximity sensor within the specified distance.

Wilus Ex. 2012
Samsung v. Wilus, IPR2025-01069
Page 19 of 20



US 10,397,877 B2

21

8. The electronic device of claim 1, further comprising:

a grip sensor,

wherein the one or more processors are configured to:

verify an operating state of the grip sensor;

reduce the transmission power level to a first level if the
electronic device is not gripped by a user; and

reduce the transmission power level to a fifth level if the
electronic device is gripped by the user.

9. The electronic device of claim 1, further comprising:

22

reducing the transmission power level to a third level
lower than the first level if the Bluetooth module is in
operation.

16. The method of claim 12, further comprising:

verifying operating states of a receiver and a proximity
sensor,

wherein the reducing of the transmission power level
includes:

reducing the transmission power level to a first level if the

a memory configured to store transmission power level 10 receiver is not in operation and/or an obiect is not
information according to the number of processing p . . ] .
circuits that are operating sensed by the proximity sensor within a specified

wherein the one or more processors are configured to: dlst.ance; and .. .

verify the transmission power level information corre- reducing the transmission power level toa fqurth level if
sponding to the number of processing circuits; and 15 the receiver is in operation and the object is sensed by

reduce the transmission power level based on the verified the proximity sensor within the spe01ﬁed. d.1stance.
transmission power level information. 17. The method of claim 12, further comprising:

10. The electronic device of claim 8, wherein the power verifying an operating state of a grip sensor,

level information includes: wherein the reducing of the transmission power level
pieces of transmission power level information respec- 20 includes:
tively corresponding to the plurality of processing reducing the transmission power level to a first level if the
circuits included in the wireless communication mod- electronic device is not gripped by a user; and
ule. reducing the transmission power level to a fifth level if the
11. The electronic device of claim 1, wherein the one or electronic device is gripped by the user.
more processors are configured to: 25 18. The method of claim 12, wherein the reducing of the
dete.:rmine that the Wire.less. communice}tion module is transmission power level includes:
Zlmghe}i}eougy %Pzratm% in the plurality of frequency verifying transmission power level information stored in
ands 11 a specilied application 1s running. a memory and corresponding to the number of pro-
12. A transmission power level controlling method of an cessing circuits; and
electromg d.eV10e, the methpd comprising: - 0 reducing the transmission power level based on the veri-
determining whether a wireless communication module is fied transmission power level information
‘f)lamnglstaﬁ?;lrs;i}; Otgzravsﬁglérsls acgﬁiﬁ?c;fogeiiﬁz 19. The method of claim 16, wherein the transmission
’, . . A . power level information includes:
comprises a plurality of processing circuits performing . . . .
communication using at least one antenna based on a 35  P1¢%S of {ransmission power level m.f ormation respec-
Wi-Fi protocol: tively corresponding to the plurality of processing
obtaining a number of processing circuits that are oper- 011rcu1ts included in the wireless communication mod-
ating in the wireless communication module if the » Ou;;l lectronic devi e
wireless communication module is simultaneously ) electronic ev%ce COMPHISINg:
operating in the plurality of frequency bands; and 40 one.orl more antenn.as,t. Jul .. turali
reducing a transmission power level of the wireless com- a wireless communication module comprising a plurality
munication module based on the number of processing of processing cireuits configured to communicate based
circuits on a Wi-Fi protocol; and

13. The method of claim 12, wherein the reducing of the ORe Of MOre processors,

transmission power level includes: 5 wherein the one or more processors are configured to:
increasing a decrement of the transmission power level as determine \;ivhether the. ereless co h;l mcitlonﬁmodfule
the number of processing circuits that are operating outputs first transmission. power through a first lre-
increases quency band and outputs second transmission power

14. The method of claim 12, further comprising: through a second frequency band using at least part of

verifying an operating state of a cellular module included 50 th.e one or more antennas; L .
in the wireless communication module obtain a number of processing circuits, which are oper-

wherein the reducing of the transmissiO,n power level ating, f rom among the.plu.rahty of processing circuits if
includes: the wireless communication module outputs the first

reducing the transmission power level to a first level if the transnyssmn power and the second transmission
cellular module is not in operation; and 55 4 power; f level di he fi

reducing the transmission power level to a second level eiermmf? a first power Ezlved iorre.spon g to dt ¢ first
lower than the first level if the cellular module is in TANSIISSION power and determine a second power
operation level corresponding to the second transmission power,

15. The method of claim 12, further comprising: from among a plurality of transmission power levels

Veﬁfying an operating stat,e of a Bluctooth .mo dule 60 associated with the wireless communication module

included in the wireless communication module,
wherein the reducing of the transmission power level
includes:
reducing the transmission power level to a first level if the
Bluetooth module is not in operation; and

based on the number of the processing circuits; and
change a power level of the first transmission power to the

first power level and change a power level of the second

transmission power to the second power level.

#* #* #* #* #*
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