wo 2022/065623 A1 | I 0000 KO0 0 0 00 0 0

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

World Intellectual Propert J
(o wer Orgmiation 2 0 OO0 000 OO 0 A0

International Bureau % (10) International Publication Number

WO 2022/065623 Al

(43) International Publication Date
31 March 2022 (31.03.2022) WIRPOIPCT

(51) International Patent Classification: (71) Applicant: SAMSUNG ELECTRONICS CO., LTD.
HO4W 24/02 (2009.01) HO4W 84/18 (2009.01) [KR/KR]; 129, Samsung-ro, Yeongtong-gu, Suwon-si,
HO4W 24/08 (2009.01) GO6N 20/00 (2019.01) Gyeonggi-do 16677 (KR).

HOIW 88/18 (2009.01) (72) Inventors: LEE, Taeseop, 129, Samsung-ro, Yeong-

(21) International Application Number: tong-gu, Suwon-si, Gyeonggi-do 16677 (KR). KIM,

PCT/KR2021/005980 Taejeoung; 129, Samsung-ro, Yeongtong-gu, Suwon-si,

Gyeonggi-do 16677 (KR). KIM, Haksung; 129, Sam-

sung-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do 16677

13 May 2021 (13.05.2021) (KR). SONG, Juhwan; 129, Samsung-ro, Yeongtong-gu,

(25) Filing Language: English Suwon-si, Gyeonggi-do 16677 (KR). JANG, Seowoo,; 129,

Samsung-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do 16677

(KR). CHOI, Minsuk; 129, Samsung-ro, Yeongtong-gu,
(30) Priority Data: Suwon-si, Gyeonggi-do 16677 (KR).

10-2020-0126359 28 September 2020 (28.09.2020) KR (74) Agent: Y.P.LEE, MOCK & PARTNERS; 12F Daclim
Acrotel, 13 Eonju-ro 30-gil, Gangnam-gu, Seoul 06292
(KR).

(22) International Filing Date:

(26) Publication Language: English

(54) Title: METHOD OF IMPLEMENTING SELF-ORGANIZING NETWORK FOR PLURALITY OF ACCESS NETWORK DE-
VICES AND ELECTRONIC DEVICE FOR PERFORMING THE SAME

State(to~t1) 101

/aram eter

for State(t2)
State(t0~t1 )

Parameter
for State(tz) \ State(to~t+)

1

e
(« >>) <<( >>> M

13

(57) Abstract: A method of adjusting a state of an access network including at least one cell, the method comprising: obtaining state
history information of the access network at a first time point, determining, based on the obtained state history information, a first time
period required to adjust a state of the access network, determining, based on the first time point and the first time period, a second time
point, the second time point being a reference time point at which the state of the access network is to be adjusted, estimating a state
of the access network at the second time point based on the obtained state history information, determining, based on the estimated
state of the access network at the second time point, values of state control parameters for adjusting the state of the access network and
transmitting the determined values of the state control parameters to the access network.

[Continued on next page]



WO 2022/065623 A | /11000000 00O 0 O 0 00O 0

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP,KW,KZ,LA,LC,LK,LR,LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))




WO 2022/065623 PCT/KR2021/005980

Description
Title of Invention: METHOD OF IMPLEMENTING SELF-
ORGANIZING NETWORK FOR PLURALITY OF ACCESS
NETWORK DEVICES AND ELECTRONIC DEVICE FOR

PERFORMING THE SAME
Technical Field

[1] The disclosure relates to a method of implementing a self-organizing network for an

access network device, and an electronic device for performing the same.

Background Art

[2] With the development of communication technologies, each of users may perform
various types of operations by communicating with a base station using a user
equipment (UE). For example, users may transmit and receive a voice message or a
text message, reproduce a sound source or a video, or use the Internet, using their UEs.

[3] A base station may establish an access network with a plurality of UEs in order to
provide a radio communication service to the UEs. The base station, as an access
network device, may include a plurality of sectors, and each sector may include a
plurality of cells according to frequency bands. A plurality of UEs may be connected
to each cell, and a radio communication service may be provided for each of the
plurality of UEs.

[4] A self-organizing network (SON) for an access network device may refer, for
example, to a network capable of self-configuration considering its surrounding en-
vironment, and may be used for economically controlling a network coverage and in-
creasing a transmission capacity, and for improving the economic utility in operation
and management of networks. In order to implement the self-organizing network, a
central server capable of collecting and analyzing data from a plurality of access
network devices, and determining the optimal configuration may be required.

[5] In implementation of a self-organizing network for a plurality of access network
devices using a central server, a considerable amount of time may be required to
collect and analyze necessary data from the plurality of access network devices. In this
case, a considerable time difference may occur between a time point at which the data
is collected from the access network devices and a time point at which the central
server has determined the optimal configuration. Accordingly, the states of access
networks at the time point at which the central server has determined the optimal con-
figuration may differ greatly from the states of the access networks at the time point at

which the data is collected, due to a number of changes made in the states. The optimal
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configuration determined by the central server may be inappropriate at a time point at
which the optimal configuration is applied, and as a result, it may be difficult to ef-
fectively implement the self-organizing network.

Disclosure of Invention

Solution to Problem

Embodiments of the disclosure provide a method of addressing the afore-described
problem due to a time difference between a time point of collection of data from access
network devices and a time point of determination of the optimal configuration,
thereby effectively implementing a self-organizing network, and an electronic device
for performing the same.

Additional aspects will be set forth in part in the description which follows and, in
part, will be apparent from the description.

Brief Description of 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 diagram illustrating an example communication system including a
plurality of access network devices, and a server for adjusting states of a plurality of
access networks, according to various embodiments;

FIG. 2 is a block diagram illustrating an example electronic device for adjusting
states of a plurality of access networks, according to various embodiments;

FIG. 3 is a block diagram illustrating an example access network device, according to
various embodiments;

FIG. 4 is a flowchart illustrating an example method of adjusting a state of an access
network, according to various embodiments;

FIG. 5 is a signal flow diagram illustrating example operations of electronic devices
for adjusting a state of an access network, according to various embodiments;

FIG. 6 is a diagram illustrating an example method of calculating a difference
between an estimated state and an actual state with respect to an access network,
according to various embodiments;

FIG. 7a is a diagram illustrating example adjustment of a state of an access network
by a method of adjusting a state of an access network, according to various em-
bodiments;

FIG. 7b is a diagram illustrating example adjustment of a state of an access network
by a method of adjusting a state of an access network, according to various em-
bodiments;

FIG. 8 is a diagram illustrating an example method of training a first artificial in-



WO 2022/065623 PCT/KR2021/005980

[18]

[19]

[20]

[21]

telligence learning model, according to various embodiments; and
FIG. 9 is a diagram illustrating an example method of training a first artificial in-

telligence learning model and a second artificial intelligence learning model, according
to various embodiments.
In relation to explanation of the drawings, similar reference numerals may be used

for similar elements.

Mode for the Invention

According to an example embodiment of the disclosure, a method, performed by an
electronic device, of adjusting a state of an access network including at least one cell
may include: obtaining state history information of the access network at a first time
point, determining, based on the obtained state history information, a first time period
required to adjust a state of the access network, determining, based on the first time
point and the first time period, a second time point the second time point being a
reference time point at which the state of the access network is to be adjusted, es-
timating a state of the access network at the second time point based on the obtained
state history information, determining, based on the estimated state of the access
network at the second time point, values of state control parameters for adjusting the
state of the access network, and transmitting the determined values of the state control
parameters to the access network, wherein the values of the state control parameters
transmitted to the access network are to be applied, at the second time point, to the
state control parameters of the access network, to adjust the state of the access
network.

According to an example embodiment of the disclosure, an electronic device for
adjusting a state of an access network including at least one cell may include: at least
one processor, and a memory connected to the at least one processor, wherein the at
least one processor may be configured to control the electronic device to: obtain state
history information of the access network at a first time point, determine, based on the
obtained state history information, a first time period required to adjust a state of the
access network, determine, based on the first time point and the first time period, a
second time point, the second time point being a reference time point at which the state
of the access network is to be adjusted, estimate a state of the access network at the
second time point based on the obtained state history information, determine values of
state control parameters for adjusting the state of the access network, based on the
estimated state of the access network at the second time point, and transmit the de-
termined values of the state control parameters to the access network, wherein the
values of the state control parameters transmitted to the access network are to be

applied, at the second time point, to the state control parameters of the access network,
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to adjust the state of the access network.

FIG. 1 is a diagram illustrating an example communication system 100 including a
plurality of access network devices 110, and a server 101 for adjusting states of the
plurality of access networks 110, according to various embodiments.

Referring to FIG. 1, the communication system 100 may include the server 101 and
the plurality of access network devices 110, and the plurality of access network devices
110 may include a first access network device 111, a second access network device
112, and a third access network device 113. According to various embodiments of the
disclosure, the number of access network devices connected to the server 101 is not
limited to that illustrated in FIG. 1.

According to an embodiment of the disclosure, the server 101 may transmit and
receive data to and from each of the plurality of access network devices 110. For
example, the server 101 may receive information about a state of each of a plurality of
access networks, from each of the plurality of access network devices 110, at a preset
time point. For example, the server 101 may receive information about states of the
plurality of access networks at time points from t0 to t1, from each of the plurality of
access network devices 110. As another example, the server 101 may transmit, to each
of the plurality of access network devices 110, information about values of parameters
for adjusting a state of each of the plurality of access networks. For example, the server
101 may transmit, to each of the plurality of access network devices 110, information
about values of the parameters for adjusting a state of each of the plurality of access
networks at a time point 2. In an embodiment of the disclosure, the time point t2 may,
for example, be temporally subsequent to the time point t1, and the time point t1 may,
for example, be temporally subsequent to the time point t0.

According to various embodiments of the disclosure, the server 101 may determine
values of the parameters suitable for each of the plurality of access network devices
110 to perform adjustment with respect to a state of each of the plurality of access
networks. For example, the first access network device 111 may adjust the state of the
corresponding access network such that load balancing may be performed on a
plurality of cells included in the first access network device 111, and, to this end, the
server 101 may determine values of the parameters suitable for the load balancing to be
performed on the plurality of cells, based on information about the state of the access
network of the first access network device 111. As another example, the second access
network device 112 may adjust the state of the corresponding access network to reduce
power consumption, and, to this end, the server 101 may determine values of the pa-
rameters suitable to reduce the power consumption, based on information about the
state of the access network of the second access network device 112.

According to various embodiments of the disclosure, each of the plurality of access
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network devices 110 may correspond, for example, to a base station, or may include,
for example, and without limitation, a central unit (CU), a distributed unit (DU), a
digital unit (DU), or a radio unit (RU), which include an element of a base station.
According to an embodiment of the disclosure, each of the plurality of access network
devices 110 may include a plurality of cells. For example, a sector, which is one
regional unit of a base station, may include a plurality of cells according to frequency
bands, and each of a plurality of UEs may be connected to any one selected from the
plurality of cells.

According to various embodiments of the disclosure, the plurality of access network
devices 110 may adjust states of the plurality of access networks, such that loads of the
plurality of cells may be balanced with each other, or may adjust the states such that an
amount of power consumed by the plurality of cells may be reduced. In various em-
bodiments of the disclosure, the plurality of access network devices 110 may change
the values of the parameters that are related to adjustment of the states of the plurality
of access networks. For example, the plurality of access network devices 110 may
receive, from the server 101, values of the parameters determined by the server 101,
and may adjust the state of each of the plurality of access networks by changing the
current values of the parameters to the received values.

According to an embodiment of the disclosure, each of the plurality of access
network devices 110 may transmit, to the server 101, information about a state of the
access network, at a preset time point or within a preset time period. For example, each
of the plurality of access network devices 110 may transmit, to the server 101, in-
formation about a state of the access network, at every preset time interval. As another
example, each of the plurality of access network devices 110 may transmit, to the
server 101, information about a state of the access network, in response to a request
message received from the server 101.

FIG. 2 is a block diagram illustrating an example electronic device for adjusting
states of the plurality of access networks 110, according to various embodiments.

Referring to FIG. 2, an electronic device 200 may include a processor (e.g., including
processing circuitry) 210, an input unit (e.g., including input circuitry) 220, an output
unit (e.g., including output circuitry) 230, a memory 240, and a module unit (e.g.,
including various processing circuitry and/or executable program elements) 250
including a plurality of operable modules. According to various embodiments of the
disclosure, a configuration of the electronic device 200 is not limited to that illustrated
in FIG. 2, and may further include a configuration not illustrated in FIG. 2 or may omit
a portion of the configuration illustrated in FIG. 2. For example, although FIG. 2 il-
lustrates that all of the plurality of operable modules are included in the module unit

250, at least some of the plurality of modules may be implemented as software
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modules stored in the memory 240. For example, a state information obtaining module
251 may not be implemented as a separate hardware module included in the module
unit 250 as illustrated in FIG. 2, but may be stored in the memory 240 as a software
module, and may be executed by the processor 210 to operate. According to an em-
bodiment of the disclosure, the electronic device 200 may be understood to have a con-
figuration that is the same as or similar to that of the server 101 illustrated in FIG. 1.

The processor 210 may include various processing circuitry and be electrically
connected to the components included in the electronic device 200, to perform cal-
culation or data processing for control and/or communications of the components
included in the electronic device 200. According to an embodiment of the disclosure,
the processor 210 may load a command or data received from at least one of other
components, into the memory 240, process the command or data, and store resulting
data in the memory 240.

The input unit 220 and the output unit 230 may include various circuitry and be elec-
trically connected to the processor 210 to configure an interface for transmitting or
receiving data to or from another electronic device outside the electronic device 200,
for example, each of the access network devices 110 illustrated in FIG. 1. According to
an embodiment of the disclosure, the input unit 220 may include various input circuitry
and receive, for example, information about a state of the access network received
from the access network device through a data communication module 255, and the
output unit 230 may include various output circuitry and output, for example, values of
state control parameters to be transmitted to the access network device through the data
communication module 255.

The memory 240 may be electrically connected to the processor 210, and may store
commands or data related to operations of the components included in the electronic
device 200. According to various embodiments of the disclosure, the memory 240 may
store the information about the states of the access networks obtained using the state
information obtaining module 251, the values of the state control parameters obtained
using a parameter value determination module 254, or instructions for the operations
above. According to an embodiment of the disclosure, in a case where at least some of
the modules included in the module unit 250 are implemented as software to be
executed by the processor 210, the memory 240 may store instructions for executing
the at least some modules.

The module unit 250 may include a plurality of modules including various
processing circuitry and/or executable program elements for implementing a plurality
of operations executed by the electronic device 200. According to various em-
bodiments of the disclosure, the module unit 250 may be understood as a hardware

configuration for implementing at least some of the plurality of modules illustrated in
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FIG. 2, or as a configuration conceptually including a plurality of hardware units for
implementing each module. According to various embodiments of the disclosure, the
configuration of the module unit 250 is not limited to that illustrated in FIG. 2, and at
least some of the plurality of modules included in the module unit 250 illustrated in
FIG. 2 may be implemented as software to be stored in the memory 240.

The state information obtaining module 251 may include various processing circuitry
and/or executable program elements and be executed by the processor 210 to obtain in-
formation about states of the access networks. According to an embodiment of the
disclosure, the access network device may include at least one cell, and each cell may
allocate radio resources to a plurality of user equipments (UEs) connected to the cell.
In various embodiments of the disclosure, the radio resources may be understood as
frequency resources for radio communications, which are limited resources that may
be shared by only a limited number of users for a preset time period. In an embodiment
of the disclosure, the radio resources may refer to a resource block (RB) in orthogonal
frequency division multiplexing (OFDM) radio communication.

According to an embodiment of the disclosure, a state of the access network may be
related to the allocation, by each cell included in the access network device, of the
radio resources to the plurality of UEs. For example, a state of the access network may
be related to at least one of, with respect to each of the at least one cell included in the
access network device, the number of UEs currently connected to the cell, a physical
resource block (PRB) utilization or usage, an internet protocol (IP) throughput, or a
downlink (DL) data volume.

In an embodiment of the disclosure, the access network device may include four
cells, and a state of the access network may indicate the number of UEs currently
connected to a first cell, the number of UEs currently connected to a second cell, the
number of UEs currently connected to a third cell, and the number of UEs currently
connected to a fourth cell. In an embodiment of the disclosure, the access network
device may include four cells, and a state of the access network may indicate a ratio of
a total amount of available radio resources to be allocated by a first cell, to an amount
of radio resources currently allocated to a plurality of UEs connected to the first cell, a
ratio of a total amount of available radio resources to be allocated by a second cell, to
an amount of radio resources currently allocated to a plurality of UEs connected to the
second cell, a ratio of a total amount of available radio resources to be allocated by a
third cell, to an amount of radio resources currently allocated to a plurality of UEs
connected to the third cell, and a ratio of a total amount of available radio resources to
be allocated by a fourth cell, to an amount of radio resources currently allocated to a
plurality of UEs connected to the fourth cell. In an embodiment of the disclosure,

similar to the above examples, the access network device may include four cells, and a
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state of the access network may indicate an IP throughput for a plurality of UEs
connected to each cell, or a downlink data volume for each cell.

According to an embodiment of the disclosure, the electronic device 200 may be
connected to a plurality of access network devices, and the state information obtaining
module 251 may obtain information about a state of the corresponding access network
with respect to each of the plurality of access network devices.

According to an embodiment of the disclosure, the state information obtaining
module 251 may obtain information about a state of the access network at a time point
of the obtaining. For example, the state information obtaining module 251 may obtain,
at a first time point, information about a state of the access network at the first time
point. According to an embodiment of the disclosure, the state information obtaining
module 251 may obtain, at every preset time interval, information about a state of the
access network at a time point of the obtaining. For example, the state information
obtaining module 251 may obtain, at a first time point, information about a state of the
access network at the first time point, and may obtain, at a second time point at which
a preset time period elapses after the first time point, information about a state of the
access network at the second time point.

According to an embodiment of the disclosure, the state information obtaining
module 251 may obtain state history information of the access network at a first time
point, which is a time point of the obtaining. The state history information may
include, for example, information about a state of the access network at each of one or
more time points within a preset time period temporally prior to the first time point,
which is the time point of the obtaining. For example, the state history information
may include only the state of the access network at the first time point, or may include
the state of the access network at the first time, and a state of the access network at a
time point that is temporally prior to the first time point by a preset time period. In
various embodiments of the disclosure, the preset time period may be set to be a preset
value, may be set by a user or an artificial intelligence learning model, or may be
changed from a current value.

An estimation time point determination module 252 may include various processing
circuitry and/or executable program elements and be executed by the processor 210 to
determine a first time period required to adjust states of the access networks.
According to various embodiments of the disclosure, the first time period may be a
sum of at least one of a time period required to obtain information about states of the
access networks from the access network devices, a time period required to collect the
obtained information based on a reference time point, a time period required to
estimate states of the access networks at a preset time, a time period required to

determine values of the parameters for optimizing the states of the access networks, or
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a time period required to transmit the determined values of the parameters to the access
network devices.

In an embodiment of the disclosure, the estimation time point determination module
252 may determine the first time period based on the state history information obtained
at the first time point by the state information obtaining module 251. In an embodiment
of the disclosure, the first time period may increase depending on an amount of the
state history information. In various embodiments of the disclosure, the amount of the
state history information may increase according to the number of access networks,
may increase according to the number of cells included in each access network, or may
increase according to the one or more time points included in the state history in-
formation. As the amount of the obtained state history information increases, a time
period required to analyze and process the state history information may increase, and
a time period required to determine the values of the parameters for adjusting the states
of the access networks based on the state history information may also increase.

According to an embodiment of the disclosure, the estimation time point deter-
mination module 252 may compare the amount of the obtained state history in-
formation with a preset size, to determine the first time period required to adjust the
states of the access networks. For example, information about an amount of normally
obtained state history information, and information about a time period required corre-
sponding to the amount may be input by a user. The estimation time point deter-
mination module 252 may compare the amount of the obtained state history in-
formation with the information input by the user, and then determine the first time
period by calculating their ratio. As another example, a table of amounts of state
history information and corresponding estimated first time periods may be prestored in
the memory 240, and the estimation time point determination module 252 may
determine the first time period by selecting, from the table, the amount most similar to
the amount of the obtained state history information, and then retrieving the first time
period corresponding to the selected amount. As another example, the estimation time
point determination module 252 may determine the first time period using an artificial
intelligence learning model. The artificial intelligence learning model may be trained
using previously obtained state history information and time periods that have been
actually taken to adjust states of the access networks, and may be used to determine the
first time period.

According to an embodiment of the disclosure, the estimation time point deter-
mination module 252 may determine the first time period considering first time periods
that have been previously determined under the same or similar conditions. For
example, the estimation time point determination module 252 may determine the first

time period to be one of the first time periods that have been previously determined,
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considering the same or similar conditions, such as the same or similar time zone, the
same or similar day of the week, the same or similar season, the same or similar
weather, the same or similar event, or the like. In various embodiments of the
disclosure, the estimation time point determination module 252 may reduce the time
period required to determine the first time period using past statistical data under the
same or similar conditions, thereby reducing a load applied to the electronic device
200.

In an embodiment of the disclosure, the estimation time point determination module
252 may determine the first time period to be a first time period that has been de-
termined at the same timeslot on a previous day. For example, an amount of state
history information obtained at 1 PM today may be equal or similar to an amount of
state history information obtained at 1 PM yesterday. Accordingly, the estimation time
point determination module 252 may reduce the time period or a load required to
determine the first time period by determining the first time period to be a first time
period that has been determined at 1 PM yesterday.

In an embodiment of the disclosure, the estimation time point determination module
252 may determine the first time period to be a first time period that has been de-
termined at the same time slot on the same day of the week in a previous week. For
example, an amount of state history information obtained at 1 PM on a Saturday may
be the same as or similar to an amount of state history information obtained at 1 PM on
a previous Saturday. Accordingly, the estimation time point determination module 252
may reduce the time period or the load required to determine the first time period by
determining the first time period to be a first time period that has been determined at
1:00 PM of the previous Saturday.

In an embodiment of the disclosure, the estimation time point determination module
252 may determine the first time period to be a first time period that has been de-
termined at a time point at which the same or similar event occurred. For example, an
amount of state history information obtained at a time point at which a concert, a
festival, or a gathering is being held may be the same as or similar to an amount of
state history information previously obtained at a time point at which a concert, a
festival, or a gathering with the same or similar scale is being held. Accordingly, the
estimation time point determination module 252 may reduce the time period or the
load required to determine the first time period by determining the first time period to
be a first time period that has been previously determined at a time point at which a
concert, a festival, or a gathering with the same or similar scale is being held.

According to an embodiment of the disclosure, the estimation time point deter-
mination module 252 may determine the second time point, which is a reference time

point at which the states of the access networks are to be adjusted, based on the first
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time point at which the state history information has been obtained, and the determined
first time period. In an embodiment of the disclosure, the second time point may be
temporally subsequent to a time point at which the first time period elapses after the
first time point. For example, the second time point may be temporally subsequent to a
time point at which the first time period and a time period spent on the determination
of the first time period elapse after the first time point. According to various em-
bodiments of the disclosure, because the first time period determined by the estimation
time point determination module 252 may be different from a time period actually
spent on the adjustment of the states of the access networks, the estimation time point
determination module 252 may determine the second time point to be a time point at
which both the first time period and a sufficient time period elapse after the first time
point.

According to an embodiment of the disclosure, the estimation time point deter-
mination module 252 may first determine the second time point, which is the reference
time point at which the states of the access networks are to be adjusted, and then
determine, based on the second time point, the first time point at which the state
history information is to be obtained, based on the second time point. In an em-
bodiment of the disclosure, the estimation time point determination module 252 may
determine the second time point based on a predefined plan. For example, the es-
timation time point determination module 252 may determine the second time point to
be a preset time point such that states of the access networks are to be adjusted at the
preset time point on a certain day of the week every week, or at the preset time point
every day. As another example, the estimation time point determination module 252
may determine the second time point at every preset time interval such that states of
the access networks are to be adjusted according to the preset time interval. As another
example, the estimation time point determination module 252 may determine the
second time point to be a time point at which a certain event, for example, an occasion
or a gathering, is to be held, such that states of the access networks are to be adjusted at
the time point of the certain event.

According to an embodiment of the disclosure, in a case where the second time point
is determined prior to the determination of the first time point at which the state history
information is to be obtained, the estimation time point determination module 252 may
determine the first time point based on the determined second time point. For example,
the estimation time point determination module 252 may determine the first time
period considering first time periods that have been previously determined under the
same or similar conditions, and may determine the first time point based on the second
time point and the first time period. In an embodiment of the disclosure, the first time

point may be temporally prior to a time point that is temporally prior to the second
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time point by the first time period. For example, the first time point may be temporally
prior to a time point that is temporally prior to the second time point by a sum of the
first time period and a time period spent on the determination of the first time period.
According to various embodiments of the disclosure, because the first time period de-
termined by the estimation time point determination module 252 may be different from
the time period actually spent on the adjustment of the states of the access networks,
the estimation time point determination module 252 may determine the first time point
to be a time point that is temporally prior to, by a sufficient time period, a time point
that is temporally prior to the second time point by the first time period.

A state estimation module 253 may include various processing circuitry and/or ex-
ecutable program elements and be executed by the processor 210 to estimate the states
of the access networks at the second time point determined by the estimation time
point determination module 252. According to an embodiment of the disclosure, the
state estimation module 253 may estimate the states of the access networks at the
second time point based on the state history information obtained at the first time point
by the state information obtaining module 251, using a first artificial intelligence
learning model. According to various embodiments of the disclosure, the state es-
timation module 253 may estimate states of the access networks at a plurality of time
points within a preset time period. For example, the state estimation module 253 may
estimate the states of the access networks at the plurality of time points including the
second time point, within the preset time period. In an embodiment of the disclosure,
the plurality of time points may include a time point that is temporally prior to the
second time point by a preset time period, or a time point that is temporally subsequent
to the second time point by the preset time period. The estimated states of the access
networks at the plurality of time points may be compared with actual states of the
access networks at the plurality of time points, to be used for training the first artificial
intelligence learning model. For example, the estimated states at the plurality of time
points may be compared with the actual states, and a plurality of feedbacks for the first
artificial intelligence learning model may be obtained.

In an embodiment of the disclosure, the state estimation module 253 may use the
state history information and a time difference between the first time point and the
second time point, as an input to the first artificial intelligence learning model. The
state estimation module 253 may estimate changes in the states of the access networks
that may occur between the first time point and the second time point, using the first
artificial intelligence learning model, and may obtain estimated states of the access
networks at the second time point as an output of the first artificial intelligence
learning model. In an embodiment of the disclosure, the first time point and the second

time point may be used as the input to the first artificial intelligence learning model,
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instead of the time difference between the first time point and the second time point.

According to various embodiments of the disclosure, the states of the access
networks may be changed according to time. For example, the number of UEs
connected to each cell in the access network device may increase or decrease over
time. Using the first artificial intelligence learning model, the state estimation module
253 may estimate the number of UEs connected to each cell at the second time point,
based on a history of the number of UEs connected to each cell obtained from the first
time point, and a lapse of time between the first time point and the second time point.

According to an embodiment of the disclosure, the state estimation module 253 may
further use states of the access networks at at least one third time point between the
first time point and the second time point, in the estimation of the states of the access
networks at the second time point. For example, after obtaining the state history in-
formation at the first time point, the state information obtaining module 251 may
further obtain the states of the access networks at the at least one third time point
before the state estimation module 253 estimates the states of the access networks at
the second time point. The state estimation module 253 may estimate the states of the
access networks at the second time point using the state history information obtained at
the first time point, and the obtained states of the access networks at the third time
point. Accordingly, the state estimation module 253 may further improve the accuracy
of the estimation of the states of the access networks at the second time point.

According to an embodiment of the disclosure, in the estimation of the states of the
access networks at the second time point, the state estimation module 253 may further
use the obtained states of the access networks at the at least one third time point
between the first time point and the second time point, and values of the state control
parameters at the third time point, that are determined by the parameter value deter-
mination module 254. For example, after obtaining the state history information at the
first time point, the state information obtaining module 251 may further obtain the
states of the access networks at the at least one third time point before the state es-
timation module 253 estimates the states of the access networks at the second time
point. The parameter value determination module 254 may determine the values of the
state control parameters for the adjustment of the states of the access networks, based
on the obtained states of the access networks at the third time point. In an embodiment
of the disclosure, the state estimation module 253 may estimate states of the access
networks after the adjustment at the third time point, using the obtained states of the
access networks at the third time point, and the determined values of the state control
parameters at the third time point. According to an embodiment of the disclosure, the
state estimation module 253 may estimate the states of the access networks at the

second time point, using the state history information obtained at the first time point,
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and the states of the access networks after the adjustment at the third time point. Ac-
cordingly, the state estimation module 253 may further improve the accuracy of the es-
timation of the states of the access networks at the second time point.

According to an embodiment of the disclosure, in the estimation of the states of the
access networks at the second time point, the state estimation module 253 may further
use the estimated states of the access networks at the at least one third time point
between the first time point and the second time point. For example, the state es-
timation module 253 may first estimate, at a time point temporally prior to the first
time point, the states of the access networks at the third time point, separately from the
estimation of the states of the access networks at the second time point. In an em-
bodiment of the disclosure, the state estimation module 253 may estimate the states of
the access networks at the second time point, using the state history information
obtained at the first time point, and the estimated states of the access networks at the
third time point. Accordingly, the state estimation module 253 may save a time period
required to obtain, from the access network devices, the states of the access networks
at the third time point, and may further improve the accuracy of the estimation of the
states of the access networks at the second time point.

According to an embodiment of the disclosure, in the estimation of the states of the
access networks at the second time point, the state estimation module 253 may further
use the estimated states of the access networks at the at least one third time point
between the first time point and the second time point, and the values of the state
control parameters at the third time point, that are determined by the parameter value
determination module 254. For example, the state estimation module 253 may first
estimate, at a time point temporally prior to the first time point, the states of the access
networks at the third time point, separately from the estimation of the states of the
access networks at the second time point. The parameter value determination module
254 may determine the values of the state control parameters for the adjustment of the
states of the access networks, based on the estimated states of the access networks at
the third time point. In an embodiment of the disclosure, the state estimation module
253 may estimate the states of the access networks after the adjustment at the third
time point, using the obtained states of the access networks at the third time point, and
the determined values of the state control parameters at the third time point. According
to an embodiment of the disclosure, the state estimation module 253 may estimate the
states of the access networks at the second time point, using the state history in-
formation obtained at the first time point, and the states of the access networks after the
adjustment at the third time point. Accordingly, the state estimation module 253 may
save the time period required to obtain, from the access network devices, the states of

the access networks at the third time point, and may further improve the accuracy of
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the estimation of the states of the access networks at the second time point.

According to various embodiments of the disclosure, the first artificial intelligence
learning model used by the state estimation module 253 may be trained by, for
example, and without limitation, at least one of reinforcement learning, supervised
learning, machine learning, continual learning, federated learning, deep learning, or the
like. In an embodiment of the disclosure, the first artificial intelligence learning model
may be trained, for example, and without limitation, by supervised learning, and the
state estimation module 253 may train the first artificial intelligence learning model
using a scheme of supervised learning. For example, the state estimation module 253
may compare the estimated states of the access networks at the second time point, with
actual states of the access networks at the second time point obtained by the state in-
formation obtaining module 251, and may train the first artificial intelligence learning
model by providing, as feedbacks, differences between the estimated states and the
actual states. The state estimation module 253 may estimate states of the access
networks at various time points, using the first artificial intelligence learning model,
and may repeat a process of comparing the estimated states with actual states obtained
by the state information obtaining module 251. The state estimation module 253 may
improve the accuracy of the first artificial intelligence learning model by repeating the
process.

According to various embodiments of the disclosure, the state estimation module 253
may train the first artificial intelligence learning model using information about a
history of states according to a certain condition of the access networks. For example,
the state estimation module 253 may train the first artificial intelligence learning
model, using a history of states of the access networks on a certain day of the week or
at a certain time point. As another example, the state estimation module 253 may train
the first artificial intelligence learning model, using a history of states of the access
networks according to a certain event, for example, and without limitation, an
occasion, a gathering, a public holiday, or the like.

According to various embodiments of the disclosure, the first artificial intelligence
learning model may be implemented as a separate module, to be included in the
module unit 250, stored in the memory 240, or included in another electronic device
outside the electronic device 200, but is not limited thereto. For example, the first ar-
tificial intelligence learning model may be included in another electronic device
outside the electronic device 200 that communicates with the data communication
module 255 in a wired or wireless manner, or may be stored in a storage device outside
the electronic device 200 that is connected to the electronic device 200 using various
interfaces (e.g., USB) through the input unit 220 or the output unit 230.

The parameter value determination module 254 may include various processing
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circuitry and/or executable program elements and be executed by the processor 210 to
determine the values of the state control parameters for adjusting the states of the
access networks, based on the states of the access networks at the second time point
that are estimated by the state estimation module 253. The state control parameters
may be understood as including parameters that affect a state of the access network.
For example, the state control parameters may adjust the state of the access network,
by affecting, with respect to the plurality of cells included in the access network
device, adjustment of a load being applied to the cell, or turning on or off of the cell.
According to an embodiment of the disclosure, the state control parameters may
include, for example, and without limitation, at least one of a reference signal received
power (RSRP) threshold value, a reference signal received quality (RSRQ) threshold
value, a physical resource block (PRB) proportion threshold value, a cell re-selection
priority, or the like.

According to an embodiment of the disclosure, the RSRP threshold value or the
RSRQ threshold value may affect adjustment of a cell coverage of the cell. For
example, with respect to a first cell among the plurality of cells, as the RSRP threshold
value or the RSRQ threshold value increases, a cell coverage of the first cell may
decrease, whereas, as the RSRP threshold value or the RSRQ threshold value
decreases, the cell coverage of the first cell may increase. As the cell coverage of the
first cell increases, the number of UEs connected to the first cell may also increase,
whereas, as the cell coverage of the first cell decreases, the number of UEs connected
to the first cell may also decrease.

According to an embodiment of the disclosure, the PRB proportion threshold value
may affect determination of on or off of the cell, or on or off of power amplifiers of the
access network devices 110. In an embodiment of the disclosure, in a case where a
proportion of radio resources allocated, by a cell, to UEs connected to the cell is less
than the PRB proportion threshold value, the cell, or the power amplifiers of the access
network devices 110 may be set to be turned off. In an embodiment of the disclosure,
in a case where the proportion of the radio resources allocated by the first cell among
the plurality of cells is a certain value, and the PRB proportion threshold value for the
first cell is set to be greater than the certain value, the first cell may be turned off.

According to an embodiment of the disclosure, the cell re-selection priority may
affect the number of UEs connected to the cell. For example, as a value of the cell re-
selection priority for the first cell among the plurality of cells increases, the number of
UESs connected to the first cell may also increase. As another example, as the value of
the cell re-selection priority for the first cell decreases, the number of UEs connected
to the first cell may also decrease.

According to an embodiment of the disclosure, the values of the state control pa-
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rameters may be determined between the first time point at which the state information
obtaining module 251 obtains the state information history of the access networks, and
the second time point determined by the estimation time point determination module
252 to be the reference time point at which the states of the access networks are to be
adjusted.

According to various embodiments of the disclosure, the values of the state control
parameters may be determined depending on a purpose of the adjustment of the states
of the access networks. For example, the values of the state control parameters may be
determined for the purpose of load balancing for each of at least one cell included in
the access network device. In an embodiment of the disclosure, the values of the state
control parameters may be determined such that, for the at least one cell included in the
access network device, the numbers of UEs currently connected to the cells, or pro-
portions of radio resources allocated by the cells are to be uniform. In an embodiment
of the disclosure, the values of the state control parameters may be determined such
that, for the at least one cell included in the access network device, IP throughputs or
downlink data volumes are to be uniform by adjusting the numbers of UEs connected
to the cells. In various embodiments of the disclosure, it may be understood that the
load balancing for each of the at least one cell is to adjust a state of the access network
to reduce a standard deviation of states of the cells.

As another example, the values of the state control parameters may be determined for
the purpose of adjusting power consumption for the at least one cell included in the
access network device. In an embodiment of the disclosure, the values of the state
control parameters may adjust the state of the access network to reduce power
consumed by all of the at least one cell. For example, in a case where the number of
UEs currently connected to the at least one cell is less than a preset level, and a total
power consumption may be reduced, the values of the state control parameters may be
determined such that the UEs currently connected to the at least cell are to be
connected to another cell, and the at least one cell or the power amplifiers of the access
network devices 110 are to be turned off. For example, in a case where a proportion of
radio resources allocated by the at least one cell is less than a preset level, and a total
power consumption may be reduced, the values of the state control parameters may be
determined such that allocation of radio resources for UEs connected to the at least one
cell is to be performed by another cell, and the at least one cell or the power amplifiers
of the access network devices 110 are to be turned off.

According to an embodiment of the disclosure, the parameter value determination
module 254 may determine a parameter value application time period as well as the
values of the state control parameters. The parameter value application time period

may be understood as, for example, a shortest time period required for the determined
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values of the state control parameters to be applied to the access networks, or a shortest
time period required for the determined values of the state control parameters to be
applied to the access networks without any further update. In an embodiment of the
disclosure, the parameter value determination module 254 may determine the
parameter value application time period based on the states of the access networks at
the second time point that are estimated by the state estimation module 253. In an em-
bodiment of the disclosure, the parameter value determination module 254 may
determine the parameter value application time period based on the state history in-
formation obtained by the state information obtaining module 251.

In an embodiment of the disclosure, the determined values of the state control pa-
rameters and the determined parameter value application time period may be
transmitted to the access network devices 110. In an embodiment of the disclosure, the
parameter value determination module 254 may not determine new values of the state
control parameters until the determined parameter value application time period
elapses after the second time point. In an embodiment of the disclosure, in a case
where the electronic device 200 receives a message for requesting new values of the
new state control parameters from the access network devices 110, the parameter value
determination module 254 may determine the new values of the state control pa-
rameters, even before the determined parameter value application time period elapses
after the second time point. In an embodiment of the disclosure, in a case where the
state estimation module 253 has estimated states of the access networks at a new time
point, according to a preset plan or occurrence of a new event, the parameter value de-
termination module 254 may determine new values of the state control parameters,
even before the determined parameter value application time period elapses after the
second time point.

According to an embodiment of the disclosure, the parameter value determination
module 254 may determine the values of the state control parameters for adjusting the
states of the access networks, using a second artificial intelligence learning model,
based on the states of the access networks at the second time point estimated by the
state estimation module 253. According to an embodiment of the disclosure, the
parameter value determination module 254 may use the estimated states of the access
networks at the second time point as an input to the second artificial intelligence
learning model. The parameter value determination module 254 may estimate and
determine, using the second artificial intelligence learning model, a combination of
values of the state control parameters for achieving the purpose of adjustment of states
of the access networks, considering the purpose, for example, load balancing, power
consumption adjustment, or the like.

According to various embodiments of the disclosure, the second artificial intelligence
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learning model used by the parameter value determination module 254 may be trained,
for example, and without limitation, by at least one of reinforcement learning, su-
pervised learning, machine learning, continual learning, federated learning, deep
learning, or the like. In an embodiment of the disclosure, the second artificial in-
telligence learning model may be trained by reinforcement learning, and the parameter
value determination module 254 may train the second artificial intelligence learning
model using a scheme of reinforcement learning. For example, the parameter value de-
termination module 254 may calculate a value of a reward variable using, as a state
variable for a reinforcement learning model, the states of the access networks at the
first time point obtained by the state information obtaining module 251, using, as an
action variable for the reinforcement learning model, values of the state control pa-
rameters output by the second artificial intelligence learning model, and then
obtaining, using the state information obtaining module 251, states of the access
networks to which the determined values of the state control parameters have been
applied. The parameter value determination module 254 may train the second artificial
intelligence learning model by repeating the above-described operation at various time
points.

According to various embodiments of the disclosure, the second artificial intelligence
learning model may be implemented as a separate module, to be included in the
module unit 250, stored in the memory 240, or included in another electronic device
outside the electronic device 200. For example, the second artificial intelligence
learning model may be included in another electronic device outside the electronic
device 200 that communicates with the data communication module 255 in a wired or
wireless manner, or may be stored in a storage device outside the electronic device 200
that is connected to the electronic device 200 using various interfaces (e.g., USB)
through the input unit 220 or the output unit 230.

The data communication module 255 may include various processing circuitry and/or
executable program elements and be executed by the processor 210 to transmit or
receive data to or from other electronic devices outside the electronic device 200. For
example, the data communication module 255 may receive information about states of
the plurality of access networks from the plurality of access network devices. As
another example, the data communication module 255 may transmit information about
values of the state control parameters for adjusting states of the plurality of access
networks with respect to the plurality of access network devices.

FIG. 3 is a block diagram illustrating an example access network device, according to
various embodiments.

Referring to FIG. 3, an access network device 300 may include a processor (e.g.,

including processing circuitry) 310, an input unit (e.g., including input circuitry) 320,
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an output unit (e.g., including output circuitry) 330, a memory 340, and a module unit
(e.g., including processing circuitry and/or executable program elements) 350
including a plurality of operable modules. According to various embodiments of the
disclosure, a configuration of the access network device 300 is not limited to that il-
lustrated in FIG. 3, and may further include a configuration not illustrated in FIG. 3, or
may omit a portion of the configuration illustrated in FIG. 3. For example, although
FIG. 3 illustrates that all of the plurality of operable modules are included in the
module unit 350, at least some of the plurality of modules may be implemented as
software modules stored in the memory 340. For example, a parameter control module
351 may not be implemented as a separate hardware module included in the module
unit 350 as illustrated in FIG. 3, but may be stored in the memory 340 as a software
module, and may be executed by the processor 310 to operate.

According to an embodiment of the disclosure, the access network device 300 may
be understood to have a configuration that is the same as or similar to that of the first,
second, and third access network devices 111, 112, and 113 illustrated in FIG. 1, and
may be understood to be electrically connected to the electronic device 200 illustrated
in FIG. 2. According to an embodiment of the disclosure, the access network device
300 may include at least one cell, and each cell may be coupled to one or more UEs to
respond to a request from the one or more UEs, and to allocate radio resources for the
one or more UEs. The descriptions of the processor 210, the input unit 220, the output
unit 230, and the module unit 250 of FIG. 2 may be identically or similarly applicable
to the processor 310, the input unit 320, the output unit 330, and the module unit 350.

The parameter control module 351 may include various processing circuitry and/or
executable program elements and be executed by the processor 310 to change values of
the state control parameters to adjust a state of an access network. For example, the
parameter control module 351 may change the values of the state control parameters
by applying, to the state control parameters, values received from a server (e.g., the
electronic device 200 of FIG. 2) through a data communication module 355.

According to an embodiment of the disclosure, the parameter control module 351
may change the values of the state control parameters based on a certain condition. For
example, the parameter control module 351 may change the values of the state control
parameters based on a result of comparing, by a state comparison module 353, an
estimated state with an actual state of the access network. In an embodiment of the
disclosure, in a case where the state comparison module 353 has determined that a
difference between the estimated state and the actual state is less than a preset level,
the parameter control module 351 may change the values of the state control pa-
rameters to the values received from the server. In an embodiment of the disclosure, in

a case where the state comparison module 353 has determined that the difference
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between the estimated state and the actual state is greater than or equal to a preset
level, the parameter control module 351 may maintain the values of the state control
parameters without changing the values of the state control parameters to the values
received from the server.

A state monitoring module 352 may include various processing circuitry and/or ex-
ecutable program elements and be executed by the processor 310 to monitor a state of
the access network and obtain a state of the access network at a preset time point. A
state of the access network may be related, for example, and without limitation, to at
least one of, with respect to each of the at least one cell included in the access network
device 300, the number of UEs currently connected to the cell, a physical resource
block (PRB) utilization or usage, an internet protocol (IP) throughput, a downlink (DL)
data volume, or the like.

According to an embodiment of the disclosure, the state monitoring module 352 may
obtain information about a state of the access network, at every preset time interval.
For example, the state monitoring module 352 may obtain information about a state of
the access network, at every preset time interval within a preset time period, and may
store state history information for the preset time period in the memory 340 using the
obtained information. According to an embodiment of the disclosure, the state
monitoring module 352 may obtain information about a state of the access network
based on a request received from the server. According to an embodiment of the
disclosure, the state monitoring module 352 may obtain information about a state of
the access network based on a request of another module included in the access
network device 300. For example, the state monitoring module 352 may obtain in-
formation about a state of the access network based on a request of the parameter
control module 351 or the state comparison module 353.

The state comparison module 353 may include various processing circuitry and/or
executable program elements and be executed by the processor 310 to compare an
estimated state of the access network at a preset time point, with an actual state of the
access network at the preset time point. According to an embodiment of the disclosure,
the estimated state may be based on information obtained from the server. According
to an embodiment of the disclosure, the actual state may be obtained by the state
monitoring module 352.

According to an embodiment of the disclosure, the state comparison module 353 may
indicate a difference between the estimated state and the actual state using a separate
parameter. For example, the state comparison module 353 may generate a vector in-
dicating the difference between the estimated state and the actual state. In an em-
bodiment of the disclosure, in a case where the access network device 300 includes

four cells, and a number of UEs currently connected to each cell is used to indicate a
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state of each of the four cells, the vector may include four elements each indicating a
difference between an estimated number of UEs currently connected to each cell and
an actual number of UEs currently connected to each cell. In an embodiment of the
disclosure, in a case where the access network device 300 includes four cells, and a
number of UEs currently connected to each cell and an IP throughput in each cell are
used to indicate a state of each of the four cells, the vector may include eight elements
indicating differences between estimated numbers of UEs currently connected to the
cells and actual numbers of UEs currently connected to the cells, and differences
between estimated IP throughputs in the cells and actual IP throughputs in the cells. In
various embodiments of the disclosure, the number of elements of the vector may
depend on the number of cells included in the access network device 300 and the
number of variables indicating a state of the access network. According to an em-
bodiment of the disclosure, the state comparison module 353 may transform the
elements of the vector into a magnitude, and compare the magnitude with a threshold
value. For example, the state comparison module 353 may calculate a mean square or a
root mean square of the elements of the vector, and may compare the calculated value
with the threshold value to determine whether the difference between the estimated
state and the actual state is less than a preset level.

According to an embodiment of the disclosure, the state comparison module 353 may
transmit, to the parameter control module 351, a result of comparing the estimated
state with the actual state. For example, the state comparison module 353 may
transmit, to the parameter control module 351, the result of comparing the difference
between the estimated state and the actual state, with the threshold value.

A threshold value setting module 354 may include various processing circuitry and/
or executable program elements and be executed by the processor 310 to set a
threshold value used by the state comparison module 353. For example, the threshold
value may be set to be a value predefined by the user. As another example, the
threshold value may be set based on the stability or a load level of the access network.
For example, in a case where the threshold value is relatively high, the frequency at
which the values of the state control parameters are changed may be relatively high,
and this may affect the stability or the load level of the access network. On the other
hand, in a case where the threshold value is relatively low, the frequency at which the
values of the state control parameters are changed may be relatively low, and this may
result in a lack of appropriate adjustment. As another example, the threshold value may
be set using a separate artificial intelligence learning model.

The data communication module 355 may include various processing circuitry and/or
executable program elements and be executed by the processor 310 to transmit or

receive data to or from electronic devices (e.g., the electronic device 200 of FIG. 2)
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outside the access network device 300. For example, the data communication module
355 may transmit, to the server, information about a state of the access network. As
another example, the data communication module 355 may receive, from the server,
information about values of the state control parameters for adjusting a state of the
access network.

FIG. 4 is a flowchart illustrating an example method of adjusting a state of an access
network, according to various embodiments.

Referring to FIG. 4, a method, performed by an electronic device e.g., the electronic
device 200 of FIG. 2), of adjusting a state of an access network according to an em-
bodiment of the disclosure may include operations 401 to 411. In an embodiment of
the disclosure, operations 401 to 411 may be performed by a processor (e.g., the
processor 210 of FIG. 2) of the electronic device. According to various embodiments
of the disclosure, the method, performed by an electronic device, of adjusting a state of
an access network is not limited to that illustrated in FIG. 4, and may further include
operations not illustrated in FIG. 4 or omit at least one of the operations illustrated in
FIG. 4.

In operation 401, the electronic device may obtain state history information from an
access network device (e.g., the access network device 300 of FIG. 3) at a first time
point. The state history information may include, for example, information about a
state of the access network at each of one or more time points within a preset time
period temporally prior to the first time point. The information about a state of the
access network may be related, for example, and without limitation, to at least one of,
with respect to at least one cell included in the access network device, a number of
UEs currently connected to the cell, a physical resource block (PRB) utilization or
usage, an internet protocol (IP) throughput, a downlink (DL) data volume, or the like.

In operation 403, the electronic device may determine a first time period required to
adjust a state of the access network. According to various embodiments of the
disclosure, the first time period may be a sum of at least one of a time period required
to obtain information about a state of the access network from the access network
device, a time period required to collect the obtained information based on a reference
time point, a time period required to estimate a state of the access network at a preset
time point, a time period required to determine values of parameters for optimizing the
state of the access network, or a time period required to transmit the determined values
of the parameters to the access network device.

In operation 405, the electronic device may determine a second time point based on
the first time point and the first time period. The second time point may be understood
as a reference time point at which the state of the access network is to be adjusted. In

an embodiment of the disclosure, the second time point may be temporally subsequent
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to a time point at which the first time period elapses after the first time point. For
example, the second time point may be temporally subsequent to a time point at which
the first time period and a time period spent on the determination of the first time
period elapse after the first time point.

In operation 407, the electronic device may estimate a state of the access network at
the second time point. According to an embodiment of the disclosure, the electronic
device may estimate the state of the access network at the second time point, based on
the state history information obtained in operation 401, and a first artificial intelligence
learning model. For example, the first artificial intelligence learning model may
include an artificial intelligence model for estimating a state of the access network at a
time point at which a preset time period elapses, and state history information for the
access network may be input to the first artificial intelligence learning model. In an
embodiment of the disclosure, information about the first time point and information
about the second time point may be input to the first artificial intelligence learning
model, to input the preset time period. In an embodiment of the disclosure, information
about a temporal difference between the first time point and the second time point may
be input to the first artificial intelligence learning model, to input the preset time
period.

In operation 409, the electronic device may determine values of the state control pa-
rameters for adjusting the state of the access network, based on the state of the access
network at the second time point estimated in operation 407. According to various em-
bodiments of the disclosure, the electronic device may determine the values of the state
control parameters for the purpose of load balancing on a plurality of cells or for the
purpose of adjustment of power consumed by the plurality of cells, with respect to the
estimated state of the access network at the second time point. For example, and
without limitation, the electronic device may determine an RSRP threshold value, an
RSRQ threshold value, or a cell re-selection priority, with respect to a certain cell, to
distribute loads being applied to the plurality of cells. As another example, the
electronic device may determine a PRB proportion threshold value for a certain cell, to
adjust the power consumed by the plurality of cells.

According to an embodiment of the disclosure, the values of the state control pa-
rameters may be determined based on the estimated state of the access network at the
second time point, and a second artificial intelligence learning model. For example, the
second artificial intelligence learning model may include an artificial intelligence
model for determining values of the state control parameters suitable for load
balancing or power consumption adjustment with respect to a certain state of the
access network. According to an embodiment of the disclosure, the second artificial in-

telligence learning model may receive, as an input, the estimated state of the access
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network at the second time point, to determine values of the state control parameters
for maximizing a reward, for example, for maximizing an amount of loads distributed
by load balancing or an amount of reduced power, in a resulting state of the access
network to which the adjustment has been applied.

In operation 411, the electronic device may transmit, to the access network device,
the values of the state control parameters determined in operation 409. The values of
the state control parameters may be transmitted to the access network device to be
applied to the plurality of cells included in the access network device, and the state of
the access network may be adjusted.

FIG. 5 is a signal flow diagram illustrating example operations of electronic devices
for adjusting a state of an access network, according to various embodiments.

Referring to FIG. 5, a method of adjusting a state of an access network by electronic
devices (e.g., the electronic device 200 of FIG. 2 and the access network device 300 of
FIG. 3) according to an embodiment of the disclosure may include operations 501 to
512. According to an embodiment of the disclosure, a SON (self-organizing network)
server 200 illustrated in FIG. 5 may be the electronic device 200 illustrated in FIG. 2.
According to an embodiment of the disclosure, operations 501 and 512 may be
performed by processors (e.g., the processor 210 of FIG. 2 or the processor 310 of FIG.
3) of the electronic devices. According to various embodiments of the disclosure, the
method of adjusting a state of an access network by electronic devices is not limited to
that illustrated in FIG. 5, and may further include operations not illustrated in FIG. 5 or
omit at least one of the operations illustrated in FIG. 5.

In operation 501, the SON server 200 may request the access network device 300 to
provide state history information at a first time point. In an embodiment of the
disclosure, a request message may be transmitted from the SON server 200 to the
access network device 300, and the access network device 300 may transmit the state
history information at the first time point to the SON server 200 in response to the
request message. According to an embodiment of the disclosure, the access network
device 300 may store, in a memory, a state of the access network at every preset time
interval, and may generate the state history information based on the states of the
access network at a preset number of time points. According to various embodiments
of the disclosure, the access network device 300 may generate or update the state
history information periodically according to a preset time interval, or may generate
the state history information in response to a request message from the SON server
200. According to an embodiment of the disclosure, operation 501 may be omitted. For
example, the SON server 200 may not request the access network device 300 to
provide the state history information, and the access network device 300 may peri-

odically transmit the state history information to the SON server 200 regardless of a
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request message.

In operation 503, the SON server 200 may determine a first time period required to
adjust a state of the access network. In an embodiment of the disclosure, the first time
period may be determined based on the state history information requested by and
transmitted to the SON server 200 in operation 501. The description of operation 403
of FIG. 4 may be identically or similarly applicable to operation 503.

In operation 505, the SON server 200 may determine a second time point based on
the first time point and the first time period. The second time point may be understood
as a reference time point at which the state of the access network is to be adjusted. The
description of operation 405 of FIG. 4 may be identically or similarly applicable to
operation 505.

In operation 507, the SON server 200 may request the access network device 300 to
provide a state of the access network at a third time point. According to an em-
bodiment of the disclosure, the third time point may be a time point between the first
time point and the second time point, and the third time point may be at least one time
point. In an embodiment of the disclosure, the third time point may be a time point
temporally prior to a time point at which operation 509 is performed. According to an
embodiment of the disclosure, a request message may be transmitted from the SON
server 200 to the access network device 300, and the access network device 300 may
transmit information about the state of the access network at the third time point to the
SON server 200 in response to the request message. In an embodiment of the
disclosure, in a case of a plurality of third time points, the access network device 300
may transmit information about a plurality of states of the access network to the SON
server 200. According to an embodiment of the disclosure, operation 507 may be
omitted. For example, the access network device 300 may transmit a state of the access
network to the SON server 200 periodically according to a preset time interval, re-
gardless of a request message. In this case, the SON server 200 may not request the
access network device 300 to provide the state of the access network at the third time
point.

In operation 509, the SON server 200 may estimate a state of the access network at
the second time point. According to an embodiment of the disclosure, the SON server
200 may estimate the state of the access network at the second time point based on the
state history information obtained in operation 501, and a first artificial intelligence
learning model. The description of operation 407 of FIG. 4 may be identically or
similarly applicable to operation 509.

According to an embodiment of the disclosure, the SON server 200 may estimate the
state of the access network at the second time point, based on the state history in-

formation obtained in operation 501, the state of the access network at the third time
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point obtained in operation 507, and the first artificial intelligence learning model.
Because the state of the access network at the third time point is information obtained
at a time point temporally subsequent to the first time point at which the state history
information is obtained, the SON server 200 may more accurately estimate the state of
the access network at the second time point using the state of the access network at the
third time point.

[103] According to an embodiment of the disclosure, information about the state of the
access network at the second time point estimated in operation 509, may be transmitted
to the access network device 300.

[104] In operation 510, the access network device 300 may obtain (e.g., receive), from the
SON server 200, the state of the access network at the second time point estimated by
the SON server 200, and may compare the estimated state of the access network at the
second time point, with an actual state of the access network at the second time point.
According to an embodiment of the disclosure, the access network device 300 may
indicate a difference between the estimated state and the actual state using a separate
parameter. For example, the access network device 300 may generate a vector in-
dicating the difference between the estimated state and the actual state. In an em-
bodiment of the disclosure, elements of the vector may be transformed into a
magnitude, and the magnitude may be compared with a preset threshold value. In an
embodiment of the disclosure, in a case where the magnitude is less than the preset
threshold value, the estimated state may be determined to be reliable, whereas, in a
case where the magnitude is greater than or equal to the preset threshold value, the
estimated state may be determined to be unreliable.

[105] In operation 511, the SON server 200 may determine values of the state control pa-
rameters for adjusting the state of the access network, based on the state of the access
network at the second time point estimated in operation 509. According to an em-
bodiment of the disclosure, the values of the state control parameters may be de-
termined based on the estimated state of the access network at the second time point,
and a second artificial intelligence learning model. The description of operation 409 of
FIG. 4 may be identically or similarly applicable to operation 511.

[106] According to an embodiment of the disclosure, the values of the state control pa-
rameters determined in operation 511 may be transmitted to the access network device
300.

[107] In operation 512, the access network device 300 may apply the values of the state
control parameters based on a result of comparing, in operation 510, the estimated state
of the access network at the second time point, with the actual state of the access
network at the second time point. In an embodiment of the disclosure, in a case where

the estimated state has been determined to be reliable based on the result of the
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comparison in operation 510, the access network device 300 may apply, to a plurality
of cells, the values of the state control parameters obtained from the SON server 200.
In an embodiment of the disclosure, in a case where the estimated state has been de-
termined to be unreliable based on the result of the comparison in operation 510, the
access network device 300 may maintain existing values of the state control pa-
rameters, rather than applying the values of the state control parameters obtained from
the SON server 200.

According to various embodiments of the disclosure, the order of operations 501 to
512 is not limited to that illustrated in FIG. 5. For example, although the information
about the estimated state at the second time point as a result of operation 509 is il-
lustrated to be transmitted from the SON server 200 to the access network device 300
prior to operations 510 and 511, the information about the estimated state at the second
time point may be transmitted, after operation 511, to the access network device 300
with the determined values of the state control parameters. In this case, operation 510
may be performed after operation 511.

According to various embodiments of the disclosure, although not illustrated in FIG.
5, the SON server 200 may perform an operation of training the first artificial in-
telligence learning model and/or the second artificial intelligence learning model re-
gardless of operations 501 to 512. For example, the SON server 200 may train the first
artificial intelligence learning model and/or the second artificial intelligence learning
model, between operations 501 to 512, before operation 501, or after operation 512. A
method of training the first artificial intelligence learning model and the second ar-
tificial intelligence learning model will be described in greater detail below with
reference to FIGS. 8 and 9.

FIG. 6 is a diagram illustrating an example method of calculating a difference
between an estimated state and an actual state with respect to an access network,
according to various embodiments.

Referring to FIG. 6, a SON server 200 (e.g., the electronic device 200 of FIG. 2) may
estimate a state of an access network at a time point t+A, and an access network device
300 may obtain an actual (e.g., real) state of the access network at the time point t+A In
an embodiment of the disclosure, t may be understood as the first time point described
throughout the disclosure, A may be understood as the first time period described
throughout the disclosure, and t+A may be understood as the second time point
described throughout the disclosure.

According to an embodiment of the disclosure, an estimated state of the access

network at the second time point may be represented by a vector State,,.q 610, and an

actual state of the access network at the second time point may be represented by a

vector Staterea 620. For example, the vector State,,.q 610 and the vector State,ca 620
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may have the same number of elements, and the number n of the elements of each of

the vector State,,.q 610 and the vector Staterear 620 may be based on the number of

cells included in the access network device 300 and a number of elements of in-
formation about the state of the access network. For example, in a case where the
access network device 300 includes four cells, and the information about the state of
the access network includes two elements for each cell, which are a number of UEs
currently connected to each cell, a proportion of radio resources allocated by each cell,

the number n of the elements of each of the vector State,,,.; 610 and the vector

Stater... 620 may be eight. As another example, in a case where the access network
device 300 includes six cells, and the information about the state of the access network
includes only one element for each cell, which is the number of UEs currently

connected to each cell, the number n of the elements of each of the vector State,,,oq

610 and the vector State,..; 620 may be six.

The estimated state and the actual state of the access network at the second time point
may be compared with each other to determine the reliability of a first artificial in-
telligence learning model that estimates the state of the access network at the second
time point. For example, a vector ERR 630 may be calculated by calculating a

difference between each pair of elements with the same index in the vector State,,oq

610 and the vector State,..; 620. In an embodiment of the disclosure, elements of the
vector ERR 630 may be transformed into a magnitude, and the magnitude may be
compared with a threshold value. For example, the magnitude of the vector ERR 630
may be represented by a mean square or a root mean square of the elements of the
vector ERR 630, and may be compared with the threshold value.

FIG. 7a is a diagram illustrating example adjustment of a state of an access network
by a method of adjusting a state of an access network, according to various em-
bodiments. FIG. 7b is a diagram illustrating example adjustment of a state of an access
network by a method of adjusting a state of an access network, according to various
embodiments.

Referring to FIGS. 7a and 7b, a SON server 200 and an access network device 300
may have information about a state of an access network at each time point. According
to an embodiment of the disclosure, the information about the state of the access
network at each time point may be transmitted from and to the SON server 200 and the
access network device 300, and may be used to adjust a state of the access network.

According to various embodiments of the disclosure, the adjustment of the state of
the access network illustrated in FIG. 7a or 7b is merely an example, and the method of
adjusting a state of an access network is not limited to that illustrated in FIG. 7a or 7b.

For example, although FIGS. 7a and 7b illustrate that the number of a plurality of cells
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is four, the number of plurality of cells is not limited thereto and may be any positive
integer. As another example, although FIGS. 7a and 7b illustrate that a number of UEs
currently connected to each cell is used for a state of the access network, a state of the
access network may be represented using different types of variables, and thus the
number of variables may be determined accordingly. For example, a state of the access
network may include at least one of, with respect to each cell, a number of UEs
currently connected to the cell, a physical resource block (PRB) utilization or usage, an
internet protocol (IP) throughput, or a downlink (DL) data volume.

According to an embodiment of the disclosure, the access network device 300 may
obtain a state 701 of the access network at a first time point, and the state 701 of the
access network at the first time point may be transmitted to the SON server 200.
According to an embodiment of the disclosure, at the first time point, a number of UEs
connected to a first cell may be 80, a number of UEs connected to a second cell may be
50, a number of UEs connected to a third cell may be 50, and a number of UEs
connected to a fourth cell may be 20.

According to an embodiment of the disclosure, the SON server 200 may estimate a
state 710 of the access network at the second time point, based on the state 701 of the
access network at the first time point. In an embodiment of the disclosure, the SON
server 200 may estimate a number of UEs connected to the first cell at the second time
point to be 45, estimate a number of UEs connected to the second cell at the second
time point to be 50, estimate a number of UEs connected to the third cell at the second
time point to be 50, and estimate a number of UEs connected to the fourth cell at the
second time point to be 55.

According to an embodiment of the disclosure, the SON server 200 may determine
values of state control parameters such that load balancing may be performed on the
plurality of cells, based on the estimated state 710 of the access network at the second
time point. In an embodiment of the disclosure, the SON server 200 may determine
state adjustment values 711 for the cells based on the estimated state 710 of the access
network at the second time point. The values of the state control parameters may be de-
termined based on the state adjustment values 711 determined by the SON server 200.
According to an embodiment of the disclosure, the SON server 200 may determine the
value of the state control parameters to increase the number of UEs connected to the
first cell by 5, and to decrease the number of UEs connected to the fourth cell by 5.

According to an embodiment of the disclosure, the SON server 200 may transmit, to
the access network device 300, the values of the state control parameters determined
according to the estimated state 710 of the access network at the second time point, and
the state adjustment values 711.

In an embodiment of the disclosure, referring to FIG. 7a, the access network device
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300 may obtain an actual state 720a of the access network state at the second time
point. According to an embodiment of the disclosure, the access network device 300
may compare the estimated state 710 of the access network at the second time point,
with the actual state 720a of the access network at the second time point, and may
calculate a vector ERR 730a representing a difference therebetween. According to an
embodiment of the disclosure, elements of the vector ERR 730a representing the
difference between the estimated state 710 and the actual state 720a may be
transformed into a magnitude, and the magnitude may be compared with a threshold
value. For example, the magnitude of the vector ERR 730a may be a root mean square
of the elements of the vector ERR 730a, and the threshold value may be set to be, for
example, 5. In this case, the root mean square of the elements of the vector ERR 730a

may be 5v2, and may be determined to be lower than the threshold value which is 5. In
2

an embodiment of the disclosure, in a case where the magnitude of the vector ERR
730a is less than the threshold value, the access network device 300 may determine
that information obtained from the SON server 200 is reliable. The access network
device 300 may apply the values of the state control parameters obtained from the
SON server 200, thereby adjusting the number of UEs connected to each cell. In an
embodiment of the disclosure, a final state of the access network 740a may be changed
by adjusting the state of the access network 720a at the second time point. For
example, the number of UEs connected to the first cell may be adjusted from 40 to 45,
and the number of UEs connected to the fourth cell may be adjusted from 60 to 55.

In an embodiment of the disclosure, referring to FIG. 7b, the access network device
300 may obtain an actual state 720b of the access network at the second time point.
According to an embodiment of the disclosure, the access network device 300 may
compare the estimated state 710 of the access network at the second time point, with
the actual state 720b of the access network at the second time point, and may calculate
a vector ERR 730b representing a difference therebetween. According to an em-
bodiment of the disclosure, elements of the vector ERR 730b representing the
difference between the estimated state 710 and the actual state 720b may be
transformed into a magnitude, and the magnitude may be compared with the threshold
value. For example, the magnitude of the vector ERR 730b may be a root mean square
of the elements of the vector ERR 730b, and the threshold value may be set to be, for
example, 5. In this case, the root mean square of the elements of the vector ERR 730b

may be 15vZ, and may be determined to be greater than the threshold value which is 5.
2

In an embodiment of the disclosure, in a case where the magnitude of the vector ERR

730b is greater than the threshold value, the access network device 300 may determine
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that information obtained from the SON server 200 is unreliable. Accordingly, the
access network device 300 may not apply the values of the state control parameters
obtained from the SON server 200, and the number of UEs connected to each cell may
be maintained in a final state of the access network 740b. In this case, the access
network device 300 may transmit a message for requesting the SON server 200 to
provide new values of the state control parameters.

FIG. 8 is a diagram illustrating an example method of training a first artificial in-
telligence learning model, according to various embodiments.

According to an embodiment of the disclosure, a first artificial intelligence learning
model 801 may use, as an input, at least a portion of state history information §10.
According to various embodiments of the disclosure, the state history information 810
being input to the first artificial intelligence learning model 801 may include state
history information containing states of an access network obtained during a preset
time period, for example, a week, and/or information about states of the access
network under a predefined condition obtained during a preset time period, for
example, state history information containing states of the access network at a certain
day of the week or at a preset time point, obtained during a last month. According to an
embodiment of the disclosure, the state history information being input to the first ar-
tificial intelligence learning model 801 may include state history information
containing states of the access network, according to a certain event, for example, an
occasion, a gathering, or a holiday.

According to an embodiment of the disclosure, the first artificial intelligence learning
model 801 may be repeatedly trained and tested by receiving various pieces of state
history information 810 as inputs. For example, the first artificial intelligence learning
model 801 may estimate, using information 811 about states of the access network for
a certain time period extracted from the state history information 810, a state of the
access network at a preset time point temporally subsequent to the certain time period.
The first artificial intelligence learning model 801 may obtain an actual state 812 of the
access network at the preset time point, from the state history information 810. The
first artificial intelligence learning model 801 may be tested by comparing an estimated
state 820 with the obtained actual state 812. A comparison result (e.g., DIFF) 8§30 may
be used as a feedback, and accordingly, the first artificial intelligence learning model
801 may be trained. The first artificial intelligence learning model 801 may be trained
by repeating an operation of estimating and testing states of the access network at
various time points using various time periods and their corresponding states in the
state history information 810.

FIG. 9 is a diagram illustrating an example method of training a first artificial in-

telligence learning model and a second artificial intelligence learning model, according
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to various embodiments.

According to an embodiment of the disclosure, as described above with reference to
FIG. 8, the first artificial intelligence learning model 801 may be trained by obtaining
the state history information from the access network device 300, and estimating a
state of the access network. For example, the first artificial intelligence learning model
801 may be trained by estimating a state of an access network at a certain time point
using a portion of the state history information, and comparing the estimated state with
an actual state of the access network at the certain time point in the state history in-
formation.

According to an embodiment of the disclosure, the state of the access network
estimated by the first artificial intelligence learning model 801 may be input as a state
variable to a second artificial intelligence learning model 901, and thus may be used
for training the second artificial intelligence learning model 901. According to an em-
bodiment of the disclosure, the second artificial intelligence learning model 901 may
determine values of the state control parameters for adjusting the estimated state, as an
action variable, based on the state of the access network at the certain time point
estimated by the first artificial intelligence learning model 801. The second artificial
intelligence learning model 901 may calculate a reward variable by obtaining, from the
access network device 300, a state of the access network at a time point temporally
subsequent to the certain time point. The reward variable may include, for example, an
amount of loads distributed or an amount of reduced power, after performing ad-
justment on the state of the access network. In an embodiment of the disclosure, the
second artificial intelligence learning model 901 may determine values of the state
control parameters such that the reward variable is to be increased, preferably,
maximized, and may be trained by repeating the above process.

According to an example embodiment of the disclosure, a method, performed by an
electronic device, of adjusting a state of an access network including at least one cell
may include: obtaining state history information of the access network at a first time
point, determining, based on the obtained state history information, a first time period
required to adjust a state of the access network, determining, based on the first time
point and the first time period, a second time point, the second time point being a
reference time point at which the state of the access network is to be adjusted, es-
timating a state of the access network at the second time point based on the obtained
state history information, determining, based on the estimated state of the access
network at the second time point, values of state control parameters for adjusting the
state of the access network, and transmitting the determined values of the state control
parameters to the access network, wherein the values of the state control parameters

transmitted to the access network are to be applied, at the second time point, to the
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state control parameters of the access network, to adjust the state of the access
network.

According to an example embodiment of the disclosure, the method may further
include obtaining a state of the access network at a third time point between the first
time point and the second time point, and the estimating of the state of the access
network at the second time point may be performed by estimating the state of the
access network at the second time point based on the obtained state history in-
formation, and the obtained state of the access network at the third time point.

According to an example embodiment of the disclosure, the state history information
may correspond to first state history information, the method may further include:
obtaining second state history information of the access network at a fourth time point
temporally prior to the first time point, and estimating a state of the access network at
at least one third time point between the first time point and the second time point,
based on the second state history information, and the estimating of the state of the
access network at the second time point may be performed by estimating the state of
the access network at the second time point based on the obtained first state history in-
formation and the estimated state of the access network at the third time point.

According to an example embodiment of the disclosure, the method may further
include: determining, based on the estimated state of the access network at the third
time point, values of the state control parameters for adjusting a state of the access
network at the third time point, and estimating, based on the estimated state of the
access network at the third time point, and the determined values of the state control
parameters for adjusting the state of the access network at the third time point, a state
of the access network based on the adjustment at the third time point, wherein the es-
timating of the state of the access network at the second time point may be performed
by estimating the state of the access network at the second time point, based on the
obtained first state history information and the estimated state of the access network
based on the adjustment at the third time point.

According to an example embodiment of the disclosure, the determining of the
values of the state control parameters may be performed by determining the values of
the state control parameters, during a time period between the first time point and the
second time point.

According to an example embodiment of the disclosure, the method may further
include: transmitting, to the access network, information about the estimated state of
the access network at the second time point, comparing, by the access network, the
estimated state of the access network at the second time point, with an actual state of
the access network at the second time point, and applying, at the second time point, the

values of the state control parameters to the state control parameters of the access
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network, based on a result of the comparison.

According to an example embodiment of the disclosure, the method may further
include: calculating an error value, the error value being a difference between the
estimated state of the access network at the second time point and the actual state of
the access network at the second time point, wherein the applying of the values of the
state control parameters may be performed by applying, based on the calculated error
value being less than a preset threshold value, at the second time point, the values of
the state control parameters to the state control parameters of the access network.

According to an example embodiment of the disclosure, the state of the access
network may include at least one of, with respect to the at least one cell, a number of
UEs currently connected to the cell, a physical resource block (PRB) utilization or
usage, an internet protocol (IP) throughput, or a downlink (DL) data volume.

According to an example embodiment of the disclosure, the estimating of the state of
the access network at the second time point may be performed using a first artificial in-
telligence learning model, the determining of the values of the state control parameters
may be performed using a second artificial intelligence learning model, and each of the
first and second artificial intelligence learning models may be trained by at least one of
reinforcement learning, supervised learning, machine learning, continual learning,
federated learning, or deep learning.

According to an example embodiment of the disclosure, the determining of the
values of the state control parameters may be performed by determining the values of
the state control parameters for load balancing on each of the at least one cell in the
access network.

According to an example embodiment of the disclosure, the determining of the
values of the state control parameters may be performed by determining the values of
the state control parameters for adjustment of power consumed by each of the at least
one cell in the access network.

According to an example embodiment of the disclosure, the method may further
include: obtaining a state of the access network at the second time point, wherein the
first artificial intelligence learning model may be trained based on the state history in-
formation, the estimated state of the access network at the second time point, and the
obtained state of the access network at the second time point.

According to an example embodiment of the disclosure, the method may further
include: obtaining a state of the access network at a fourth time point temporally
subsequent to the second time point, wherein the second artificial intelligence learning
model may be trained based on the estimated state of the access network at the second
time point, the determined values of the state control parameters, and the obtained state

of the access network at the fourth time point.
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According to an example embodiment of the disclosure, the state control parameters
may include at least one of a reference signal received power (RSRP) threshold value,
a reference signal received quality (RSRQ) threshold value, a physical radio block
(PRB) proportion threshold value, or a cell re-selection priority.

According to an example embodiment of the disclosure, an electronic device
configured to adjust a state of an access network including at least one cell may
include: at least one processor, and a memory connected to the at least one processor,
wherein the at least one processor may be configured to control the electronic device
to: obtain state history information of the access network at a first time point,
determine, based on the obtained state history information, a first time period required
to adjust a state of the access network, determine, based on the first time point and the
first time period, a second time point, the second time point being a reference time
point at which the state of the access network is to be adjusted, estimate a state of the
access network at the second time point based on the obtained state history in-
formation, determine values of state control parameters for adjusting the state of the
access network, based on the estimated state of the access network at the second time
point, and transmit the determined values of the state control parameters to the access
network, wherein the values of the state control parameters transmitted to the access
network are to be applied, at the second time point, to the state control parameters of
the access network, to adjust the state of the access network.

According to an example embodiment of the disclosure, the at least one processor
may be further configured to control the electronic device to: obtain a state of the
access network at a third time point between the first time point and the second time
point, and estimate the state of the access network at the second time point based on
the obtained state history information, and the obtained state of the access network at
the third time point.

According to an example embodiment of the disclosure, the state history information
may correspond to first state history information, and the at least one processor may be
further configured to control the electronic device to: obtain second state history in-
formation of the access network at a fourth time point temporally prior to the first time
point, estimate a state of the access network at at least one third time point between the
first time point and the second time point, based on the second state history in-
formation, and estimate the state of the access network at the second time point based
on the obtained first state history information, and the estimated state of the access
network at the third time point.

According to an example embodiment of the disclosure, the at least one processor
may be further configured to: determine, based on the estimated state of the access

network at the third time point, values of the state control parameters for adjusting a
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state of the access network at the third time point, estimate, based on the estimated

state of the access network at the third time point, and the determined values of the
state control parameters for adjusting the state of the access network at the third time
point, a state of the access network after the adjustment at the third time point, and
estimate the state of the access network at the second time point, based on the obtained
first state history information and the estimated state of the access network after the ad-
justment at the third time point.

According to an example embodiment of the disclosure, the at least one processor
may be further configured to: determine the values of the state control parameters,
during a time period between the first time point and the second time point.

According to an example embodiment of the disclosure, the at least one processor
may be further configured to control the electronic device to: transmit, to the access
network, information about the estimated state of the access network at the second time
point, the access network may compare the estimated state of the access network at the
second time point, with an actual state of the access network at the second time point,
and, at the second time point, the values of the state control parameters may be applied
to the state control parameters of the access network, based on a result of the
comparison.

According to an example embodiment of the disclosure, an error value which is a
difference between the estimated state of the access network at the second time point
and the actual state of the access network at the second time point may be calculated,
and, based on the calculated error value being less than a preset threshold value, at the
second time point, the values of the state control parameters may be applied to the state
control parameters of the access network.

According to an example embodiment of the disclosure, the state of the access
network may include at least one of, with respect to the at least one cell, a number of
UEs currently connected to the cell, a physical resource block (PRB) utilization or
usage, an internet protocol (IP) throughput, or a downlink (DL) data volume.

According to an example embodiment of the disclosure, the state of the access
network at the second time point may be estimated using a first artificial intelligence
learning model, the values of the state control parameters may be determined using a
second artificial intelligence learning model, and each of the first and second artificial
intelligence learning models may be trained by at least one of reinforcement learning,
supervised learning, machine learning, continual learning, federated learning, or deep
learning.

According to an example embodiment of the disclosure, the at least one processor
may be further configured to control the electronic device to: obtain a state of the

access network at the second time point, and the first artificial intelligence learning
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model may be trained based on the state history information, the estimated state of the
access network at the second time point, and the obtained state of the access network at
the second time point.

According to an example embodiment of the disclosure, the at least one processor
may be further configured to control the electronic device to: obtain a state of the
access network at a fourth time point temporally subsequent to the second time point,
and the second artificial intelligence learning model may be trained based on the
estimated state of the access network at the second time point, the determined values of
the state control parameters, and the obtained state of the access network at the fourth
time point.

According to an example embodiment of the disclosure, the state control parameters
may include at least one of a reference signal received power (RSRP) threshold value,
a reference signal received quality (RSRQ) threshold value, a physical radio block
(PRB) proportion threshold value, or a cell re-selection priority.

Various embodiments and terms used therefor of the disclosure are not for limiting
the technologies disclosed in the disclosure to a specific embodiment, and they should
be interpreted to include all modifications, equivalents and/or alternatives of the em-
bodiments of the disclosure. In relation to explanation of the drawings, similar
reference numerals may be used for similar elements. The singular expression also
includes the plural meaning as long as it does not inconsistent with the context. In this
disclosure, expressions such as "A or B", "at least one of A and/or B", "A, B or C", or
"at least one of A, B and/or C" include all possible combinations of the listed items.
The expressions "first", "second", and the like used in the disclosure may denote corre-
sponding elements, regardless of order and/or importance, and may be used to dis-
tinguish one element from another, but does not limit the elements. When it is
described that a certain element (e.g., first element) is "operatively or communicatively
coupled with/to" or is "connected to" another element (e.g., second element), it should
be understood that the certain element may be connected to the other element directly
or through still another element (e.g., third element).

The term "module" used in the disclosure may include units embodied as hardware,
software, or firmware, or any combination thereof, and may be used compatibly with
terms such as, for example, logics, logic blocks, components, circuits, or the like. The
"module” may be an integrally configured component or a minimum unit performing
one or more functions or a part thereof. For example, the module may be embodied as
an application-specific integrated circuit (ASIC).

Various embodiments of the disclosure may be embodied as software including in-
structions stored on machine-readable storage media (e.g., an internal memory or

external memory) readable by a machine (e.g., a computer). The machine may be a
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device that calls instructions stored in a storage medium and is operable according to
the called instructions, including an electronic device according to the disclosed em-
bodiments. When the instructions are executed by a processor, the processor may
perform the function corresponding to the instructions, either directly, or using other
components under the control by the processor. The instructions may include code
generated by a compiler or a code executable by an interpreter. The machine-readable
storage medium may be provided in the form of a non-transitory storage medium. The
‘non-transitory' storage medium does not refer to a transitory electrical signal but is
tangible, and does not distinguish whether data is stored semi-permanently or tem-
porarily on the storage medium.

According to an embodiment of the disclosure, the method according to various em-
bodiments disclosed herein may be provided in a computer program product. A
computer program product may be traded between a seller and a purchaser as a
commodity. A computer program product may be distributed in the form of a machine-
readable storage medium (e.g., compact disc read only memory (CD-ROM)) or dis-
tributed online through an application store (e.g., Google Play)). In a case of on-line
distribution, at least a portion of the computer program product may be temporarily
stored, or temporarily created, on a storage medium such as a manufacturer's server, a
server of an application store, or a memory of a relay server.

Each of the elements (e.g., modules or programs) according to various embodiments
of the disclosure may include a single entity or a plurality of entities, and some
subelements of the abovementioned subelements may be omitted, or other elements
may be further included in various embodiments. Alternatively or additionally, some
elements (e.g., modules or programs) may be integrated into one entity to perform the
same or similar functions performed by each element prior to integration. Operations
performed by modules, programs, or other elements, according to various em-
bodiments of the disclosure, may be executed sequentially, in parallel, repetitively, or
heuristically, or at least some operations may be performed in a different order, or
omitted, or another operation may be further added.

A function related to an artificial intelligence according to the disclosure may operate
via a processor and a memory. The processor may include one or more processors. In
this case, the one or more processors may include, for example, a general-purpose
processor such as a central processing unit (CPU), an application processor (AP), or a
digital signal processor (DSP), a dedicated graphics processor such as a graphics
processing unit (GPU), a vision processing unit (VPU), or a dedicated Al processor
such as a neural processing unit (NPU). The one or more processors may control input
data to be processed according to predefined operation rules or an artificial intelligence

model stored in the memory. When the one or more processors are dedicated artificial
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intelligence processors, the dedicated artificial intelligence processor may be designed
with a hardware structure specialized for processing a specific artificial intelligence
model.

The predefined operation rules or artificial intelligence model may be generated
through a training process. This may refer, for example, to the predefined operation
rules or artificial intelligence model set to perform according to desired characteristics
(or purposes) being generated by training a basic artificial intelligence model with a
learning algorithm that utilizes a large number of training data. The training process
may be performed by a device for performing artificial intelligence or a separate server
and/or system. Examples of the learning algorithm may include, for example, and
without limitation, supervised learning, unsupervised learning, semi-supervised
learning, reinforcement learning, or the like, but are not limited thereto.

The artificial intelligence model may include a plurality of neural network layers.
Each of the neural network layers may include a plurality of weight values, and may
perform a neural network arithmetic operation through an arithmetic operation between
an arithmetic operation result of a previous layer and the plurality of weight values.
The plurality of weight values in each of the neural network layers may be optimized
by a result of training the artificial intelligence model. For example, the plurality of
weight values may be refined to reduce or minimize a loss or cost value obtained by
the artificial intelligence model during the training process. An artificial neural
network may include, for example, a deep neural network (DNN) and may include, for
example, a convolutional neural network (CNN), a deep neural network (DNN), a
recurrent neural network (RNN), a restricted Boltzmann machine (RBM), a deep belief
network (DBN), a bidirectional recurrent deep neural network (BRDNN), deep Q-
networks (DQN), or the like, but is not limited thereto.

In the method by which an electronic device adjusts a state of an access network
including at least one cell according to the disclosure, an artificial intelligence model
may be used to optimize a state of the access network at a second time point or values
of state control parameters, using state history information of the access network, for
inferring or estimating a state of the access network or the state control parameters.
The processor may preprocess the data to transform the data into a form appropriate to
be used as an input to an artificial intelligence model. The artificial intelligence model
may be generated by a training process. This may refer, for example, to the predefined
operation rules or artificial intelligence model set to perform according to desired char-
acteristics (or purposes) being generated by training a basic artificial intelligence
model with a learning algorithm that utilizes a large number of training data. The ar-
tificial intelligence model may include a plurality of neural network layers. Each of the

neural network layers may include a plurality of weight values, and may perform a



WO 2022/065623 PCT/KR2021/005980

[164]

[165]

[166]

41

neural network arithmetic operation through an arithmetic operation between an
arithmetic operation result of a previous layer and the plurality of weight values.

Inference/prediction may refer to technology for judging information for logical
inference and prediction, and includes knowledge/probability-based reasoning, opti-
mization prediction, preference-based planning, recommendation, or the like.

According to embodiments of the disclosure, an influence due to changes in a state of
an access network, which may be caused by a time difference between a time point of
collecting data from access network devices and a time point of determining an
optimal configuration, may be reduced. Accordingly, the reliability of the determined
configuration may be improved, and a load balancing effect or a power consumption
reducing effect for the access network devices may be improved.

While the disclosure has been illustrated and described with reference to various
example embodiments, it will be understood that the various example embodiments are
intended to be illustrative, not limiting. It will be further understood by those skilled in
the art that various changes in form and detail may be made without departing from the
true spirit and full scope of the disclosure, including the appended claims and their

equivalents.
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Claims

A method, performed by an electronic device, of adjusting a state of an
access network including at least one cell, the method comprising:
obtaining state history information of the access network at a first time
point;

determining, based on the obtained state history information, a first
time period required to adjust a state of the access network;
determining, based on the first time point and the first time period, a
second time point, the second time point being a reference time point at
which the state of the access network is to be adjusted;

estimating a state of the access network at the second time point based
on the obtained state history information;

determining, based on the estimated state of the access network at the
second time point, values of state control parameters for adjusting the
state of the access network; and

transmitting the determined values of the state control parameters to the
access network,

wherein the values of the state control parameters transmitted to the
access network are applied, at the second time point, to the state control
parameters of the access network, to adjust the state of the access
network.

The method of claim 1, further comprising: obtaining a state of the
access network at a third time point between the first time point and the
second time point, and

the estimating of the state of the access network at the second time
point is performed by estimating the state of the access network at the
second time point based on the obtained state history information, and
the obtained state of the access network at the third time point.

The method of claim 1, wherein the state history information cor-
responds to first state history information, and

the method further comprises: obtaining second state history in-
formation of the access network at a fourth time point temporally prior
to the first time point; and

estimating a state of the access network at at least one third time point
between the first time point and the second time point, based on the
second state history information, and

wherein the estimating of the state of the access network at the second
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time point is performed by estimating the state of the access network at
the second time point based on the obtained first state history in-
formation and the estimated state of the access network at the third time
point.

The method of claim 3, further comprising:

determining, based on the estimated state of the access network at the
third time point, values of the state control parameters for adjusting a
state of the access network at the third time point; and

estimating, based on the estimated state of the access network at the
third time point, and the determined values of the state control pa-
rameters for adjusting the state of the access network at the third time
point, a state of the access network based on the adjustment at the third
time point,

wherein the estimating of the state of the access network at the second
time point is performed by estimating the state of the access network at
the second time point, based on the obtained first state history in-
formation and the estimated state of the access network based on the
adjustment at the third time point.

The method of claim 1, wherein the determining of the values of the
state control parameters is performed by determining the values of the
state control parameters, during a time period between the first time
point and the second time point.

The method of claim 5, further comprising:

transmitting, to the access network, information about the estimated
state of the access network at the second time point;

comparing, by the access network, the estimated state of the access
network at the second time point, with an actual state of the access
network at the second time point; and

applying, at the second time point, the values of the state control pa-
rameters to the state control parameters of the access network, based on
a result of the comparing.

The method of claim 6, further comprising: calculating, as an error
value, a difference between the estimated state of the access network at
the second time point and the actual state of the access network at the
second time point,

wherein, based on the calculated error value being less than a preset
threshold value, the applying of the values of the state control pa-

rameters comprises applying, at the second time point, the values of the
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state control parameters to the state control parameters of the access
network.

The method of claim 1, wherein the state of the access network
includes at least one of, with respect to each of the at least one cell, a
number of user equipments (UEs) currently connected to the cell, a
physical resource block (PRB) utilization or usage, an internet protocol
(IP) throughput, or a downlink (DL) data volume.

The method of claim 1, wherein the state of the access network at the
second time point is estimated using a first artificial intelligence
learning model,

the values of the state control parameters are determined using a second
artificial intelligence learning model, and

each of the first and second artificial intelligence learning models is
trained by at least one of reinforcement learning, supervised learning,
machine learning, continual learning, federated learning, or deep
learning.

The method of claim 1, wherein the determining of the values of the
state control parameters is performed by determining the values of the
state control parameters for load balancing on each of the at least one
cell in the access network.

The method of claim 1, wherein the determining of the values of the
state control parameters is performed by determining the values of the
state control parameters for adjustment of power consumed by each of
the at least one cell in the access network.

The method of claim 9, further comprising obtaining a state of the
access network at the second time point,

wherein the first artificial intelligence learning model is trained based
on the state history information, the estimated state of the access
network at the second time point, and the obtained state of the access
network at the second time point.

The method of claim 9, further comprising: obtaining a state of the
access network at a fourth time point temporally subsequent to the
second time point,

wherein the second artificial intelligence learning model is trained
based on the estimated state of the access network at the second time
point, the determined values of the state control parameters, and the
obtained state of the access network at the fourth time point.

The method of claim 1, wherein the state control parameters include at
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least one of a reference signal received power (RSRP) threshold value,
a reference signal received quality (RSRQ) threshold value, a physical
radio block (PRB) proportion threshold value, or a cell re-selection
priority.

An electronic device configured to adjust a state of an access network
including at least one cell, the electronic device comprising:

at least one processor; and

a memory connected to the at least one processor,

wherein the at least one processor is configured to control the electronic
device to:

obtain state history information of the access network at a first time
point,

determine, based on the obtained state history information, a first time
period required to adjust a state of the access network,

determine, based on the first time point and the first time period, a
second time point, the second time point being a reference time point at
which the state of the access network is to be adjusted,

estimate a state of the access network at the second time point based on
the obtained state history information,

determine values of state control parameters for adjusting the state of
the access network, based on the estimated state of the access network
at the second time point, and

transmit the determined values of the state control parameters to the
access network,

wherein the values of the state control parameters transmitted to the
access network are applied, at the second time point, to the state control
parameters of the access network, to adjust the state of the access

network.
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