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(57)  Acommunication control apparatus 3 fora com-
munication system with a gateway 133, which is at least
partly installed on the ground and can communicate with
a communication device 2A, 2B and 2C, and a commu-
nication satellite 131, which can communicate with the
gateway 133, includes: an available power estimation
unit 31 to estimate available power of the communication
satellite 131; a required total power estimation unit 33 to
estimate total power required by the communication sat-
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present disclosure relates to communica-
tion control technology in communication system.

2. Description of the Related Art

[0002] The number,types, and applications of wireless
communication devices, represented by smartphones
and Internet of Things (loT) devices, continue to in-
crease, and wireless communication standards continue
to be expanded and improved. For example, the com-
mercial service of the fifth generation mobile communi-
cation system known as "5G" started in 2018, and the
standards are still being developed by the 3GPP (Third
Generation Partnership Project). Efforts are also under-
way to develop standards for "6G" or the sixth generation
mobile communication system, which would be the next
generation of wireless communication standards follow-
ing 5G.

[0003] Mobile communication networks for mobile or
portable communication devices such as smartphones
and cell phones (hereinafter collectively referred to as
"communication device(s)") are usually constructed by
communication cells (hereinafter referred to as "terres-
trial communication cell(s)") provided by base stations
installed on the ground (hereinafter referred to as "ter-
restrial base station(s)"). However, in some areas, it was
difficult to install a sufficient number of terrestrial base
stations for various reasons, resulting in a relatively low
quality of mobile communications.

[0004] In order to solve the issue of the disparity in
mobile communication quality among different regions
and the so-called "out-of-range" issue, where mobile
communication devices cannot communicate in some re-
gions, non-terrestrial networks (NTN) have been consid-
ered. In NTN, communication satellites or unmanned air-
crafts flying in outer space or the atmosphere, such as
the stratosphere, are used as base stations (hereinafter
referred to as flying base station(s), and especially com-
munication satellites are referred to as satellite base sta-
tion(s)). The flying base station provides a communica-
tion cell on the ground (hereinafter referred to as flying
communication cell(s), and especially communication
cells provided by communication satellites are referred
to as satellite communication cell(s)). A communication
device in a flying communication cell communicates with
a flying base station directly or indirectly via other com-
munication devices. By providing flying communication
cells in areas where terrestrial communication cells are
not sufficient, the quality of mobile communicationin such
areas can be improved.

[0005] Patent Literature 1: JP-A-2010-278886
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SUMMARY OF THE INVENTION

[0006] Flying base stations, such as communication
satellites and unmanned aircrafts, communicate with
many communication devices on the ground using power
generated by solar cells or solar panels receiving sun-
light, power stored in batteries, and the like. Although
solar power generation can be sufficient for a standard
or normal communication volume, the amount of power
generated by sunlight varies greatly depending on the
location and ephemeris of the flying base station, and
the number of communication devices communicating
with the flying base station and the communication vol-
ume also varies greatly depending on the time and area.
The inventor believes that it is extremely important to
efficiently use the limited power of the flying base station
under such highly uncertain circumstances, and has
come to complete the present disclosure.

[0007] The present disclosure was made in view of
such circumstances, and the purpose thereof is to pro-
vide a communication control apparatus and the like that
can efficiently use the power of a flying base station.
[0008] In order to solve the above-described issue, a
communication control apparatus in a certain aspect of
the present disclosure for a communication system with
a ground station, which is at least partly installed on the
ground and can communicate with a communication de-
vice, and a flying base station, which can communicate
with the ground station, includes: an available power es-
timation unitto estimate available power of the flying base
station; a required total power estimation unit to estimate
total power required by the flying base station for com-
munication with each communication device connected
to the ground station; and acommunication mode change
unit to change communication mode between at least
one communication device and the flying base station,
at least when the total power is more than the available
power, so that the total power becomes less than the
available power.

[0009] According to the aspect, when the total power
required by the flying base station for communication with
each communication device on the ground is more than
the available power of the flying base station, the com-
munication mode change unit changes the communica-
tion mode between at least one communication device
and the flying base station to reduce the required total
power below the available power, so that the power of
the flying base station can be used efficiently.

[0010] Another aspect of the present disclosure is a
communication controlmethod. The communication con-
trol method for a communication system with a ground
station, which is at least partly installed on the ground
and can communicate with a communication device, and
a flying base station, which can communicate with the
ground station, includes: estimating available power of
the flying base station; estimating total power required
by the flying base station for communication with each
communication device connected to the ground station;
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and changing communication mode between atleastone
communication device and the flying base station, at
least when the total power is more than the available
power, so that the total power becomes less than the
available power.

[0011] In addition, any combination of the above com-
ponents, and any conversion of the expression of the
present disclosure among methods, devices, systems,
recording media, computer programs, and the like, is also
valid as a form of the present disclosure.

[0012] According to the present disclosure, the power
of the flying base station can be used efficiently.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

Figure 1 schematically shows the overview of a wire-
less communication system to which the communi-
cation control apparatus is applied.

Figure 2 schematically shows the wireless commu-
nication system with a communication satellite.
Figure 3 is a functional block diagram of the commu-
nication control apparatus.

Figure 4 is a schematic representation of an example
of the sharing of communication-related information
among terrestrial base stations by the communica-
tion-related information sharing unit.

Figure 5 is a flowchart of communication control
processes by the communication control apparatus.
Figure 6 is a flowchart of the power control processes
of communication satellite by the communication
control apparatus.

DETAILED DESCRIPTION OF THE INVENTION

[0014] Figure 1 schematically shows an overview of a
wireless communication system 1 to which the commu-
nication control apparatus according to an embodiment
of the present disclosure is applied. The wireless com-
munication system 1 includes 5G wireless communica-
tion system 11, 4G wireless communication system 12,
and satellite communication system 13. 5G wireless
communication system 11 that complies with the fifth
generation mobile communication system (5G) uses NR
(New Radio) or 5G NR (Fifth Generation New Radio) as
the radio access technology (RAT) and 5GC (Fifth Gen-
eration Core) as the core network. 4G wireless commu-
nication system 12 that complies with the fourth gener-
ation mobile communication system (4G) uses LTE
(Long Term Evolution) or LTE-Advanced as the radio ac-
cess technology and EPC (Evolved Packet Core) as the
core network. Satellite communication system 13 is for
satellite communication via communication satellite 131.
Although not shown in the figure, the wireless communi-
cation system 1 may include wireless communication
networks of a generation prior to 4G, a generation later
than 5G (e.g. 6G), or any wireless communication net-
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works that are not associated with generations, such as
Wi-Fi (registered trademark).

[0015] The5G wireless communication system 11 may
include a plurality of 5G base stations 111A, 111B and
111C (hereinafter collectively referred to as 5G base sta-
tion 111) installed on the ground capable of communi-
cating by 5G NR with communicators or communication
devices 2A, 2B, 2C and 2D (hereinafter collectively re-
ferred to as communication device(s) 2) such as smart-
phones, which are also referred to as UE (User Equip-
ment). 5G base station 111 is also referred to as gNodeB
(gNB). The coverage or support range of each 5G base
station 111A,111Band 111Cisreferred to asacell 112A,
112B and 112C (hereinafter collectively referred to as
5G cell 112 or cell 112).

[0016] The size of the 5G cell 112 of each 5G base
station 111 is arbitrary; however, typically ranges from a
few meters to several tens of kilometers in radius. Al-
though there is no established definition, cells with a ra-
dius of a few meters to ten meters are called femtocells,
cells with a radius of ten meters to several tens of meters
are called picocells, cells with a radius of several tens of
meters to several hundred meters are called microcells,
and cells with a radius of more than several hundreds of
meters are called macrocells. In 5G, high frequency radio
waves such as millimeter waves are often used, and their
high tendency to propagate in a straight-line causes radio
waves to be blocked by obstacles, shortening the com-
munication distance. For the reason, 5G tends to use
more small cells than 4G and earlier generations.
[0017] The communication device 2 can conduct 5G
communication when it is located within at least one of
a plurality of 5G cells 112A, 112B and 112C. In the ex-
ample shown in the figure, communication device 2B in
5G cells 112A and 112B can communicate with both 5G
base stations 111A and 111B by 5G NR. In addition, the
communication device 2C in the 5G cell 112C can com-
municate with the 5G base station 111C by 5G NR. Com-
munication devices 2A and 2D are outside of all 5G cells
112A, 112B and 112C, so they are not able to commu-
nicate by 5G NR. The 5G NR-based 5G communication
between each communication device 2 and each 5G
base station 111 is managed by the 5GC, which is the
core network. For example, the 5GC transfers data to
and from each 5G base station 111, transfers data to and
from external networks such as the EPC, the satellite
communication system 13 and the Internet, and manag-
es the movement of the communication device 2, and
the like.

[0018] The 4G wireless communication system 12 in-
cludes a plurality of 4G base stations 121 (only one of
them is shown in Figure 1) installed on the ground that
can communicate with the communication device 2 by
LTE or LTE-Advanced. The base station 121 in 4G is
referred to as eNodeB (eNB). Similarly to each 5G base
station 111, the communication range or support range
of each 4G base station 121 is also called a cell and is
shown as 122.
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[0019] The communication device 2 can perform 4G
communication when it is located within 4G cell 122. In
the example shown in the figure, the communication de-
vices 2A and 2B in the 4G cell 122 can communicate with
the 4G base station 121 by LTE or LTE-Advanced. Com-
munication devices 2C and 2D are outside the 4G cell
122 and are not able to communicate by LTE or LTE-
Advanced. The 4G communication by LTE and LTE-Ad-
vanced between each communication device 2 and each
4G base station 121 is managed by the EPC, which is
the core network. For example, the EPC manages the
transfer of data to and from each 4G base station 121,
the transfer of data to and from external networks such
as 5GC, the satellite communication system 13 and the
Internet, and the movement management of the commu-
nication device 2.

[0020] If we take a look at each communication device
2A, 2B, 2C and 2D in the example shown in the figure,
the communication device 2A is in a state that enables
4G communication with 4G base station 121, and com-
munication device 2B is in a state that enables 5G com-
munication with 5G base stations 111A and 111B and
4G communication with 4G base station 121, and com-
munication device 2C is in a state that enables 5G com-
munication with 5G base station 111C. When there are
multiple base stations (111A, 111B and 121) as in the
case of communication device 2B, one base station is
selected as the most suitable for the communication de-
vice 2B in terms of communication quality and the like,
under the control of the 5GC and/or the EPC, which is
the core network. For the communication device 2D that
is not in a state that enables 5G communication with any
5G base station 111 or 4G communication with any 4G
base station 121, the communication is conducted using
the satellite communication system 13 described below.
[0021] The satellite communication system 13 is the
wireless communication system using communication
satellites 131 as flying base stations. The communication
satellites 131 are low-earth-orbit satellites flying in low-
earth-orbit outer space of 500 to 700 km above the
ground. Similarly to 5G base station 111 and 4G base
station 121, the communication range or support range
of each communication satellite 131 is also called a cell
and is shown as 132. Thus, a communication satellite
131 as a flying base station provides a satellite commu-
nication cell 132 as a flying communication cell onto the
ground. Communication device 2 on the ground can con-
duct satellite communication when it is inside the satellite
communication cell 132. Similarly to 5G base station 111
in the 5G wireless communication system 11 and 4G
base station 121 in the 4G wireless communication sys-
tem 12, communication satellite 131 as the base station
in the satellite communication system 13 is capable of
wireless communication directly or indirectly via aircraft
and the like with the communication device 2 within the
satellite communication cell 132. The radio access tech-
nology used by the communication satellite 131 for wire-
less communication with the communication device 2 in
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the satellite communication cell 132 may be 5G NR, the
same as the 5G base station 111, or LTE or LTE-Ad-
vanced, the same as the 4G base station 121, or any
other radio access technology that the communication
device 2 can use. Therefore, there is no need for the
communication device 2 to have any special functions or
components for satellite communication.

[0022] The satellite communication system 13 in-
cludes a gateway 133 as a ground station that is installed
on the ground and can communicate with the communi-
cation satellite 131. The gateway 133 is equipped with a
satellite antenna to communicate with the communica-
tion satellite 131, and is connected to the 5G base station
111 and the 4G base station 121 as terrestrial base sta-
tions that constitute the terrestrial network (TN). In such
a manner, the gateway 133 connects the non-terrestrial
network (NTN), which includes communication satellites
131, and the terrestrial network TN, which includes ter-
restrial base stations 111 and 121, for mutual communi-
cation. When the communication satellite 131 conducts
5G communication with the communication device 2 in
the satellite communication cell 132 by 5G NR, the 5GC
connected via the gateway 133 and the 5G base station
111 in the TN (or the 5G radio access network) is used
as the core network. When the communication satellite
131 conducts 4G communication with the communica-
tion device 2 in the satellite communication cell 132 by
LTE or LTE-Advanced, the EPC connected via the gate-
way 133 and the 4G base station 121 in the TN (or the
4G radio access network) is used as the core network.
In such a manner, appropriate coordination is made be-
tween different wireless communication systems such
as 5G wireless communication system 11, 4G wireless
communication system 12, satellite communication sys-
tem 13 and the like through the gateway 133.

[0023] Satellite communication by communication sat-
ellites 131 is mainly used for covering areas with no or
few terrestrial base stations such as 5G base stations
111 and 4G base stations 121 and the like. In the example
shown in the figure, a communication device 2D that is
outside the communication cells of all the terrestrial base
stations communicates with the communication satellite
131. On the other hand, communication devices 2A, 2B
and 2C that are in good communication with either of the
terrestrial base stations, are also in the satellite commu-
nication cell 132 and can communicate with the commu-
nication satellite 131. However, by communicating with
the terrestrial base stationsinstead of the communication
satellite 131 as the satellite base station in principle, the
limited communication resources (including power) of the
communication satellite 131 are saved for the communi-
cation device 2D and the like. The communication satel-
lite 131 uses beamforming to direct the communication
radio wave to the communication device 2D in the satel-
lite communication cell 132, thereby the communication
quality with the communication device 2D is improved.
[0024] The size of the satellite communication cell 132
of the communication satellite 131 as a satellite base
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station depends on the number of beams emitted by the
communication satellite 131. For example, a satellite
communication cell 132 with a diameter of approximately
24 km can be formed by combining up to 2,800 beams.
As illustrated, a satellite communication cell 132 is typi-
cally larger than a terrestrial communication cell such as
a5G cell 112 ora 4G cell 122, and could contain one or
more 5G cells 112 and/or 4G cells 122 inside it. The
above example shows a communication satellite 131 fly-
ing in low-earth-orbit outer space at a height of approxi-
mately 500 km to 700 km above the ground as a flying
flying base station. However, a communication satellite
flying in geostationary orbit or other higher orbit in outer
space, or an unmanned or manned aircraft flying in strat-
osphere or other lower (e.g. approximately 20 km above
the ground) atmosphere may be used as a flying base
station in addition to or instead of the communication
satellite 131.

[0025] Figure 2 shows a schematic of the same wire-
less communication system 1 as in Figure 1, with the
communication satellite 131 in focus. As mentioned
above, communication satellite 131 can combine up to
2,800 beams to create one or more satellite communi-
cation cells 132 on the ground. In the example in Figure
2, a total of Y satellite communication cells 132-1 to 132-
Y (hereinafter collectively referred to as satellite commu-
nication cell 132) are formed on the ground by the com-
munication satellite 131. The Communication device 2D
in Figure 1, which could not communicate with 5G base
station 111 and 4G base station 121 and could commu-
nicate only with the communication satellite 131 is shown
in Figure 2 within the Y-th satellite communication cell
132-Y. Another communication device 2E is shown sche-
matically within the first satellite communication cell
132-1. Through the NTN including the communication
satellite 131 and gateway 133 and the like, the commu-
nication devices (2D, 2E and the like) in any of the satellite
communication cells 132 perform 5G communication
and/or 4G communication with communication devices
in remote TNs (2A, 2B, 2C and the like), and/or, perform
communication with any other communication devices
via 5GC and/or EPC as core network.

[0026] Communication satellite 131 includes any
number (Z in the example in Figure 2) of radio units RU4
to RUz responsible for forming the satellite communica-
tion cell 132, wireless communication with communica-
tion devices (2D, 2E and the like) located within the sat-
ellite communication cell 132, and wireless communica-
tion with the gateway 133 and the like. The Gateway 133
connecting NTNs and TNs for mutual communication 133
includes a satellite antenna for communication with com-
munication satellite 131, and distributed unit group 134
and central unit group 135 as a portion or node of RAN
(Radio Access Network) including the terrestrial base
stations 111, 121 of TNs.

[0027] Inthe examplein Figure 2, distributed unitgroup
134 is equipped with X distributed units and central unit
group 135 is equipped with X central units. The X pairs
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of distributed unit and central unit realize respective
baseband functions of X terrestrial base stations 111,
121 connected to the gateway 133. All or portion of the
baseband functions may be provided in the respective
terrestrial base stations 111, 121 themselves and/or relay
facilities or other equipment between the respective ter-
restrial base stations 111, 121 and the gateway 133, in-
stead of being provided in the gateway 133. In such a
case, the gateway 133 would contain, in addition to the
satellite antenna that interfaces with the NTN, only a sim-
ple interface function with the RAN of the TN.

[0028] X distributed units in the distributed unit group
134 of the gateway 133 are connected with the same
number of X terrestrial base stations 111, 121. In Figure
2, four terrestrial communication cells 112, 122 are illus-
trated in total: three of which are the three 5G cells 112A,
112B and 112C as the terrestrial communication cells
provided by the three 5G base stations 111A, 111B and
111C in Figure 1; and one of which is the one 4G cell
122 as the terrestrial communication cell provided by the
one 4G base station 121 in Figure 1. Each of the three
5G base stations 111A-111C is connected one-to-one
with either of the X distributed units in the distributed unit
group 134 of the gateway 133. One 4G base station 121
is also connected one-to-one with either of the X distrib-
uted units (which is not connected with the 5G base sta-
tion 111A-111C) in the distributed unit group 134 of the
gateway 133. It should be noted that since the concept
of "distributed unit" and "central unit" did not exist in the
4G (and prior generation) wireless communication stand-
ards, the functions (baseband functions) performed by
the units may actually be provided in the gateway 133
as similar functional unit (baseband unit) for 4G base
station 121, or provided in 4G base station 121 itself as
described above.

[0029] Each of the X central units in the central unit
group 135 of the gateway 133 is connected one-to-one
with the same number of X distributed units. Similar to
the distributed units described above, the function of the
central unit for 4G base station 121 may be provided in
the gateway 133 as similar functional unit for 4G base
station 121 or provided in 4G base station 121 itself. The
central units corresponding to 5G base stations 111A-
111C are connected to the 5GC as CN via the 5G radio
access network (5G RAN) of the 5G wireless communi-
cation systems 11. The similar functional unit to central
unit corresponding to 4G base station 121 is connected
to the EPC as CN via the 4G radio access network (4G
RAN) of the 4G wireless communication systems 12.
[0030] Thus, the gateway 133, which interfaces with
both of the 5G wireless communication system 11 and
the 4G wireless communication system 12, is connected
to different CNs for each generation or standard. How-
ever, as described with respect to Figure 1, the gateway
133 makes appropriate coordination among different
CNs (5GC and EPC), thereby it can properly connect
with wireless communication systems of different gener-
ations and standards. Note that the gateway 133 may be
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equipped with the function of interfacing only with a ter-
restrial wireless communication system of a particular
generation or standard, such as the 5G wireless commu-
nication system 11. In the case, the distributed unit group
134 of the gateway 133 is equipped with the same
number of distributed units as 5G base stations (111A-
111Candthe like)to be connected, and central unitgroup
135 is equipped with the same number of central units
as 5G base stations and distributed units.

[0031] In the example of Figure 2, the distributed unit
group 134 of gateway 133 is connected with the three
5G base stations 111A-111C that constitute the terres-
trial network "5G TN" by the 5G wireless communication
system 11 and connected with the one 4G base stations
121 that constitutes the terrestrial network "4G TN" by
the 4G wireless communication system 12. As in Figure
1, the communications devices 2B and 2C exist within
5G cells 112A-112C provided by the 5G base stations
111A-111C, and the communications devices 2A and 2B
exist within 4G cell 122 provided by the 4G base station
121. It should be noted that the distributed unit group 134
of the gateway 133 may be connected with other TNs
and terrestrial base stations (not shown), and other com-
munication devices (not shown) may be present within
each TN.

[0032] Gateway 133, as described above, is at least
partly installed on the ground, and constitutes a ground
station capable of communicating with communication
devices (2A-2C and the like) within the connected TNs.
The communication satellite 131 constitutes a flyingbase
station that can communicate with the gateway 133 as a
ground station. Gateway 133 as a ground station con-
nects the terrestrial base stations (111A-111C, 121 and
the like) and the communication satellite 131 to establish
communication between the communication devices
(2A-2C and the like) connected to the terrestrial base
station and the communication satellite 131. In addition,
the communication devices in the satellite communica-
tion cell 132 provided by the communication satellite 131
(2D, 2E and the like) can communicate with the commu-
nication devices (2A-2C and the like) connected to gate-
way 133, via the communications satellite 131 and the
gateway 133.

[0033] Figure 3 is a functional block diagram of the
communication control apparatus 3 according to an em-
bodiment of the present disclosure. The communication
control apparatus 3 includes an available power estima-
tion unit 31, a sharing unit 32, a required total power
estimation unit 33, a power comparison unit 34, a com-
munication-related information acquisition unit 35, prior-
ity change unit 36 and a communication mode change
unit 37. The functional blocks are realized by the coop-
eration of hardware resources, such as the central
processing unit, memory, input devices, output devices,
and peripheral devices connected to the computer, and
software that is executed using them. Regardless of the
type of computer or the installation location, each of the
above functional blocks may be realized with the hard-
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ware resources of a single computer, or by combining
hardware resources distributed across multiple comput-
ers. Especially in the embodiment, some or all of func-
tional blocks of the communication control apparatus 3
may be realized in computer and/or processor provided
in the communication satellite 131, the gateway 133,
each terrestrial base station (111A-111C, 121 and the
like) and/or the communication device (2A-2C and the
like).

[0034] The available power estimation unit 31 esti-
mates the available power of the communication satellite
131 as a flying base station based on ephemeris infor-
mation of the communication satellite 131. The available
power estimation unit 31 is preferably provided in the
gateway 133, and the communication satellite 131 trans-
mits its own ephemeris information to the gateway 133
continuously or periodically. The available power estima-
tion unit 31 in the gateway 133 is responsible for estimat-
ing the amount of power generated by the solar panels
installed on the communication satellite 131 based on
sunlight, based on the ephemeris information received
from the communication satellite 131, information re-
garding the activity of the sun which is known to change
periodically, and information regarding the condition of
the space in which the communication satellite 131 flies
and the like. If the communication satellite 131 is
equipped with a battery that stores power, the commu-
nication satellite 131 will report the amount of charged
power or amount of dischargeable power of the battery
tothe gateway 133. In such a case, the sum of the amount
of power generated by the solar panels and the amount
of charged power of the battery is estimated by the avail-
able power estimation unit 31 as the available power of
the communication satellite 131.

[0035] The sharing unit 32 includes a terrestrial base
station list sharing unit 321, an available power sharing
unit 322, and a communication-related information shar-
ing unit 323. The terrestrial base station list sharing unit
321 is used to share a list of terrestrial base stations
connected to the communication satellite 131 via the
gateway 133 among such terrestrial base stations as in-
formation associated with the communication satellite
131. In the example in Figure 3, the gateway 133 is con-
nected with the three 5G base stations 111A-111C and
the one 4G base station 121, and the list of the four ter-
restrial base stations 111A-111C and 121 is shared
among the four terrestrial base stations 111A-111C and
121. This allows each terrestrial base station 111A-111C
and 121 to recognize other terrestrial base station 111A-
111C and 121 connected to the gateway 133 and the
communications satellite 131. The list of terrestrial base
stations is preferably included in information associated
with the communication satellite 131, for example, the
satellite ID or satellite identification information of the
communication satellite 131 that is generated during cell
configuration. Such satellite ID is shared among the ter-
restrial base station 111A-111C and 121.

[0036] Inthe so-called "transparent” gateway 133, the
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grouping of terrestrial base stations through the above
satellite ID and the like is impossible. Therefore, the
above solution of sharing satellite ID and the like among
terrestrial base stations is practical. On the other hand,
since the so-called "regenerative" gateway 133 can
group terrestrial base stations, the terrestrial base station
list sharing unit 321 may not be required in addition to
the gateway 133.

[0037] The available power sharing unit 322 is used to
share the available power of the communication satellite
131 estimated by the available power estimation unit 31
among the terrestrial base stations (111A-111C, 121 and
the like) included in the list shared by the terrestrial base
station list sharing unit 321. This allows each terrestrial
base station 111A-111C and 121 to recognize the avail-
able power of the communication satellite 131. Note that
if the gateway 133 is a regenerative type and the like,
the available power sharing unit 322 may not be neces-
sary, and the gateway 133 may recognize the available
power of the communication satellite 131 and lead sub-
sequent processes such as power comparison described
below.

[0038] The communication-related information shar-
ing unit 323 is used to share the communication-related
information or communication load information concern-
ing the communication that the communication device
(2A-2C and the like) connected to each terrestrial base
station (111A-111C, 121 and the like) connected to the
gateway 133 performs with the communication satellite
131, among the terrestrial base stations (111A-111C,
121 and the like) included in the list shared by the terres-
trial base station list sharing unit 321. This allows each
terrestrial base station (111A-111C, 121 and the like) to
recognize the communication that the communication
device connected to other terrestrial base station per-
forms with the communication satellite 131. Examples of
the communication-related information include the com-
munication volume, required communication speed, re-
quired quality of service (QoS), communication type (e.
g. data communication, voice call, priority communica-
tion such as emergency report, VONR and VoLTE),
RSRP (Reference Signal Received Power), channel
state information (CSI) including CQI (Channel Quality
Indicator) and the like.

[0039] Asshownschematically in Figure 4, the sharing
of the communication-related information among the ter-
restrial base stations by the communication-related in-
formation sharing unit 323 can be done according to "RE-
SOURCE STATUS UPDATE" defined in 5G communi-
cation and the like. "NG-RAN node," to "NG-RAN node,"
in the figure represent 5G base stations, and each 5G
base station can send "RESOURCE STATUS UPDATE"
to each other, thereby the latest communication-related
information is shared among all 5G base stations. One
terrestrial base station that shares the communication-
related information with other terrestrial base stations
preferably simultaneously sends or multicasts the "RE-
SOURCE STATUS UPDATE" including the communica-
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tion-related information, addressed to all other terrestrial
base stations included in the list shared by the terrestrial
base station list sharing unit 321. This can be easily
achieved by including all other terrestrial base stations
(target cells) in the address or "target cell ID" of the "RE-
SOURCE STATUS UPDATE". Note that if the gateway
133 is a regenerative type and the like, the communica-
tion-related information sharing unit 323 may not be nec-
essary, and the gateway 133 may recognize the commu-
nication-related information of each terrestrial base sta-
tion and lead subsequent processes such as required
total power estimation described below.

[0040] The required total power estimation unit 33 es-
timates the total power required by the communication
satellite 131 for communication with each communica-
tion device (2A-2C and the like) connected to the gateway
133. In other words, the required total power estimation
unit 33 estimates the total power required by the com-
munication satellite 131 for communication with the com-
munication device (2A-2C and the like) connected to the
terrestrial base stations (111A-111C, 121 and the like)
included in the list shared by the terrestrial base station
list sharing unit 321. Specifically, the required total power
estimation unit 33 estimates the total power required by
the communication satellite 131 based on the communi-
cation-related information of each terrestrial base station
shared by the communication-related information shar-
ing unit 323. To estimate the total power required by the
communication satellite 131, it is necessary to estimate
the power required by the communication satellite 131
for communication with each individual communication
device (2A-2C and the like). The individual power esti-
mation is further broken down into estimating the number
of Physical Resource Blocks (PRBs) required for com-
munication and estimating the required power per PRB.
[0041] In the estimation of the required number of
PRBs, the communication-related information (commu-
nication volume, required communication speed, re-
quired QoS, communication type, CSl and the like)
shared by the communication-related information shar-
ing unit 323 is used in whole or in part. For example, the
higher the communication volume, the greater the
number of PRBs required; the higher the required com-
munication speed, the greater the number of PRBs re-
quired (per unit time); the higher the required QoS, the
greater the number of PRBs required (or PRBs are pref-
erentially assigned to communications with higher re-
quired QoS than to other communications); if the com-
munication type is priority communication such as emer-
gency report, VoNR, VoLTE and the like, the number of
PRBs required is higher (or PRBs are preferentially as-
signed to the priority communications over other com-
munications); and if the channel condition based on CSI
is poor, the number of PRBs required is higher. Similarly,
in the estimation of the required power per PRB, the com-
munication-related information shared by the communi-
cation-related information sharing unit 323 is also used
in whole or in part. For example, if the required QoS is
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high, the required power per PRB is larger, and if the
communication type is priority communication such as
emergency report, VoNR, VoLTE and the like, the re-
quired power per PRB is larger, and if the channel con-
dition based on CSl is poor, the required power per PRB
is larger. Multiplying the number of required PRBs esti-
mated above by the required power per PRB estimated
above, the individual power required by the communica-
tion satellite 131 for communication with each commu-
nication device can be obtained. And, the required total
power of the communication satellite 131 can be obtained
by summing the individual powers over all communica-
tion devices.

[0042] The power comparison unit 34 compares the
required total power estimated by the required total pow-
er estimation unit 33 with the available power of the com-
munication satellite 131 shared by the available power
sharing unit 322. If the required total power is less than
or equal to the available power, the communication sat-
ellite 131 can manage the communication with each com-
munication device (2A-2C and the like) connected to the
gateway 133 within the range of the current available
power. On the other hand, if the required total power is
more than the available power, the communication sat-
ellite 131 cannot manage the requested communication
with the current available power, and subsequent proc-
esses such as the communication mode change de-
scribed below is necessary.

[0043] The power comparison unit 34 may compare
the required power per PRB with the available power.
The required power per PRB is calculated by dividing the
required total power estimated by the required total pow-
erestimation unit 33 by the required total number of PRBs
(the sum of the individually estimated required number
of PRBs). The available power per PRB is calculated by
dividing the available power estimated by the available
power estimation unit 31 by the required total number of
PRBs (or the number of free PRBs available for sched-
uling for the communication satellite 131).

[0044] The communication-related information acqui-
sition unit 35, the priority change unit 36, and the com-
munication mode change unit 37 perform the processes
described below, at least when the total power required
by the communication satellite 131 is more than the avail-
able power as a result of the comparison by the power
comparison unit 34. Therefore, if the required total power
of the communication satellite 131 is less than the avail-
able power, the communication-related information ac-
quisition unit 35, the priority change unit 36, and the com-
munication mode change unit 37 do not have to perform
the processes described below.

[0045] The communication-related information acqui-
sition unit 35 is used to acquire the communication-re-
lated information concerning the communication that
each communication device (2A-2C and the like) con-
nected to the gateway 133 performs with the communi-
cation satellite 131. In the example in Figure 3, the com-
munication-related information acquisition unit 35 ac-
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quires all or portion of the communication-related infor-
mation already shared by the communication-related in-
formation sharing unit 323.

[0046] The priority change unit 36 lowers the priority
of atleastone of each communication device (2A-2C and
the like) based on the communication-related information
acquired by the communication-related information ac-
quisition unit 35. For example, the priority level of the
communication device that performs communications
with high required QoS or priority communications such
as emergency report, VoNR, VoLTE and the like is not
lowered, while the priority level of the communication de-
vice that performs other communications is lowered.
[0047] The communication mode change unit 37
changes communication mode between at least one
communication device (2A-2C and the like) connected
to the gateway 133 and the communication satellite 131,
so that the required total power estimated by the required
total power estimation unit 33 becomes less than the
available power estimated by the available power esti-
mation unit 31. Specifically, the communication mode
change unit 37 changes the communication mode be-
tween at least one of the communication devices whose
priority is lowered by the priority change unit 36 and the
communication satellite 131. Examples of changing the
communication mode include: delaying the communica-
tion of the communication device to be changed to a later
time than that of the communication device not to be
changed, reducing the number of PRBs allocated to the
communication device to be changed from the number
of required PRBs estimated by the required total power
estimation unit 33, reducing the power per PRB allocated
to the communication device to be changed from the re-
quired power per PRB estimated by the required total
power estimation unit 33, reducing the communication
volume of the communication device to be changed,
slowing down the communication speed of the commu-
nication device to be changed, lowering the required QoS
of the communication device to be changed, increasing
the tolerance for CSI of the communication device to be
changed, and so on.

[0048] According to the above embodiment, when the
total power required by the communication satellite 131
for communication with each communication device (2A-
2C and the like) on the ground is more than the available
power of the communication satellite 131, the communi-
cation mode change unit 37 changes the communication
mode between at least one communication device and
the communication satellite 131 to reduce the required
total power below the available power, so that the power
of the communication satellite 131 can be used efficient-
ly.

[0049] Figure 5 is a flowchart of the communication
control processes by communication control apparatus
3."S"in the flowchart description refers to a step or proc-
ess. In S1, the available power estimation unit 31 esti-
mates the available power of the communication satellite
131 based on ephemeris information and the like of the
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communication satellite 131. In S2, the communication-
related information sharing unit 323 shares the commu-
nication-related information or communication load infor-
mation concerning the communication that the commu-
nication device (2A-2C and the like) connected to each
terrestrial base station (111A-111C, 121 and the like)
connected to the gateway 133 performs with the com-
munication satellite 131, among the terrestrial base sta-
tions (111A-111C, 121 and the like) included in the list
shared by the terrestrial base station list sharing unit 321.
In S3, the required total power estimation unit 33 esti-
mates the total power required by the communication
satellite 131 for communication with each communica-
tion device (2A-2C and the like) connected to the gateway
133, based on the communication-related information of
each terrestrial base station shared in S2.

[0050] In S4, the power comparison unit 34 compares
the required total power estimated in S3 with the available
power estimated in S1, and judges whether or not the
required total power is more than the available power. If
S4 is judged to be No, the communication satellite 131
can manage the communication with each communica-
tion device (2A-2C and the like) connected to the gateway
133 within the range of the current available power, so
the later processes S5-S7 are skipped and return to S1.
If S4 is judged to be Yes, proceed to S5, where the com-
munication-related information acquired by the commu-
nication-related information acquisition unit 35 is used to
judge the presence or absence of a high priority user.
For example, if there is a communication device that per-
forms communication with high required QoS and/or pri-
ority communication such as emergency report, VoNR,
VoLTE and the like, the communication-related informa-
tion acquisition unit 35 judges the user of such commu-
nication device to be a high priority user.

[0051] If S5 is determined to be Yes, proceed to S6,
where the priority change unit 36 lowers the priority of
the communication devices of users other than the high-
priority user recognized in S5, and the communication
mode change unit 37 delays the communication of the
communication device of the low-priority users to a later
time than that of the communication device of the high-
priority user recognized in S5, so that the required total
power estimated in S3 becomes less than the available
power estimated in S1 (so that the S4 is judges to be
No). Then the process returns to S1. If S5 is determined
to be No, the process proceeds to S7, and the commu-
nication mode change unit 37 changes communication
mode between at least one communication device (2A-
2C and the like) connected to the gateway 133 and the
communication satellite 131, so that the required total
power estimated in S3 becomes less than the available
power estimated in S1 (so that the S4 is judges to be
No). Then the process returns to S1.

[0052] Figure 6 is aflowchart of the power control proc-
esses of the communication satellite 131 by the commu-
nication control apparatus 3. Steps or processes similar
to those in Figure 5 are marked with the same signs and
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the duplicated descriptions will be omitted. When the
communication satellite 131 communicates with commu-
nication devices (2A-2E and the like) on the ground, pow-
er of the communication satellite 131 will be consumed
both in the uplink communication to receive data from
communication device on the ground and in the downlink
communication to send data to communication device
on the ground. However, in general, the power consump-
tion during the downlink communication is dominant.
Thus, the power control processes during the downlink
communication will be mainly described in relation to the
figure. As shownin Figure 2, the downlink communication
from the communication satellite 131 is categorized into
two types: One type is for the communication devices
(2D, 2E and the like) in the satellite communication cell
132 provided by the communication satellite 131; and
another type is for the communication devices (2A-2C
and the like) in TNs connected to the gateway 133.
[0053] In the present embodiment, by recognizing the
communication-related information or communication
load information of the communication devices (2A-2C
and the like) in the TN, the power of the communication
satellite 131 (hereinafter also referred to as downlink
power) can be effectively controlled for: the downlink
communication that the communication devices (2A-2C
and the like) in the TN performs with the communication
devices (2D, 2E and the like) in the satellite communica-
tion cell 132 via the gateway 133 and the communication
satellite 131; and the downlink communication that the
communication devices (2D, 2E and the like) in the sat-
ellite communication cell 132 performs with the commu-
nication devices (2A-2C and the like) in the TN via the
communication satellite 131 and the gateway 133 in re-
sponse to request by the communication devices (2A-2C
and the like) in the TN.

[0054] If we take a look at the communication between
the communication devices (2A-2C and the like) in the
TN and the communication satellite 131, there are two
cases of communications as outlined above: in one case,
the uplink communication from the communication de-
vices (2A-2C and the like) in the TN to the communication
satellite 131 (and the downlink communication from the
communication satellite 131 to the communication de-
vices in the satellite communication cell 132) is per-
formed; and in another case, the downlink communica-
tion from the communication satellite 131 to the commu-
nication devices (2A-2C and the like) in the TN (and the
uplink communication from the communication devices
in the satellite communication cell 132 to the communi-
cation satellite 131) is performed. In either case, by
changing the communication mode between the commu-
nication devices (2A-2C and the like) in the TN and the
communication satellite 131, the power of the communi-
cation satellite 131 can be effectively controlled for the
downlink communications that originates on the satellite
communication cell 132 side or the TN side.

[0055] In S8, the communication satellite 131 performs
downlink communication with the default downlink pow-
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er.InS1,the available power estimation unit 31 estimates
the available power of the communication satellite 131
based on ephemeris information and the like of the com-
munication satellite 131. In S2, the communication-relat-
ed information sharing unit 323 shares the communica-
tion-related information or communication load informa-
tion concerning the uplink communication or downlink
communication that the communication device (2A-2C
and the like) in the TN performs with the communication
satellite 131, among the terrestrial base stations (111A-
111C, 121 and the like) on the TN side. In S9, the com-
munication satellite 131 acquires CSl such as RSRP and
CQl, which indicate path loss and the like related to the
downlink communication, from the communication-relat-
ed information shared in S2. In S10, the communication
satellite 131 judges whether or not the downlink power
needs to be controlled (increased or decreased). For ex-
ample, if the channel state of the downlink communica-
tion based onthe CSl obtained in S9is significantly worse
than expected, alarger downlink power is required, there-
fore the judgment in S10 should be Yes. Conversely, if
the channel state of the downlink communication based
on the CSI obtained in S9 is significantly better than ex-
pected, there is little problem even if the downlink power
is reduced, therefore the judgmentin S10 should be also
Yes. In case judgmentin S10 is No, the process returns
to S1.

[0056] If S10is determined to be Yes, proceed to S11,
where the communication satellite 131 determines
whether or not an increase of downlink power is required.
If the channel state of the downlink communication is
significantly worse than expected and the like as de-
scribed above, S11is determined to be Yes, and proceed
to S4.In S4, the power comparison unit 34 compares the
required total power (S3 in Figure 5) with increase of the
downlink power with the available power estimated in S1,
and judges whether or not the required total power is
more than the available power. If S4 is determined to be
Yes, increasing the downlink power will cause the re-
quired total power to exceed the available power, there-
fore the downlink power is adjusted or redistributed
among each communication device by changing the
communication mode similar to S5-S7 in Figure 5. Then
the process returns to S1. If S4 is determined to be No,
the required total power remains below the available
power even if the downlink power is increased. Then in
S12, the communication satellite 131 increases the
downlink power mainly for high priority users. Then the
process returns to S1. If S11 is determined to be No,
proceed to S13 where the communication satellite 131
decreases the downlink power mainly for low priority us-
ers. Then the process returns to S1.

[0057] The present disclosure has been described
above based on embodiments. It is understood by those
skilled in the art that the embodiments are exemplary and
that various variations are possible in the combination of
each component and/or each process thereof, and that
such variations are also within the scope of the present
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disclosure.

[0058] The functional configuration of each device de-
scribed in the embodiment can be realized by hardware
resources or software resources, or by the cooperation
of hardware resources and software resources. As hard-
ware resources, processors, ROM, RAM, and other LSIs
can be used. Operating systems, applications, and other
programs can be used as software resources.

[0059] The present disclosure relates to communica-
tion control technology in communication system.
[0060] 1 Wireless communication system, 2 Commu-
nication device, 3 Communication control apparatus, 11
5G wireless communication system, 124G wireless com-
munication system, 13 Satellite communication system,
31 Available power estimation unit, 32 Sharing unit, 33
Required total power estimation unit, 34 Power compar-
ison unit, 35 Communication-related information acqui-
sition unit, 36 Priority change unit, 37 Communication
mode change unit, 111 5G base station, 112 5G cell, 121
4G base station, 122 4G cell, 131 Communication satel-
lite, 132 Satellite communication cell, 133 Gateway, 134
Distributed Unit Group, 135 Central Unit Group 321 Ter-
restrial base station List Sharing unit, 322 Available Pow-
er Sharing unit, 323 Communication-related information
sharing unit.

Claims

1. A communication control apparatus for a communi-
cation system with a ground station, which is at least
partly installed on the ground and can communicate
with a communication device, and a flying base sta-
tion, which can communicate with the ground station,
comprising:

an available power estimation unit to estimate
available power of the flying base station;
arequired total power estimation unitto estimate
total power required by the flying base station
for communication with each communication
device connected to the ground station; and

a communication mode change unit to change
communication mode between at least one
communication device and the flying base sta-
tion, at least when the total power is more than
the available power, so that the total power be-
comes less than the available power.

2. The communication control apparatus according to
claim 1, wherein

the communication system further comprises a
terrestrial base station installed on the ground
and capable of communicating with the commu-
nication device, and

the ground station is a gateway that connects
the terrestrial base station and the flying base
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station to establish communication between the
communication device connected to the terres-
trial base station and the flying base station.

The communication control apparatus according to
claim 2, wherein the available power estimation unit
is provided in the gateway and shares the estimated
available power with the terrestrial base station con-
nected to the gateway.

The communication control apparatus according to
claim 2 or 3, wherein

a list sharing unit is further provided to share a
list of the terrestrial base stations connected to
the flying base station via the gateway among
the terrestrial base stations as information as-
sociated with the flying base station, and

the required total power estimation unit esti-
mates the total power required by the flying base
station for communication with the communica-
tion device connected to the terrestrial base sta-
tion included in the list.

The communication control apparatus according to
any of claims 2 to 4, wherein

one terrestrial base station connected to the
gateway shares the communication-related in-
formation concerning the communication that
the communication device connected to the one
terrestrial base station performs with the flying
base station with other terrestrial base station
connected to the gateway, and

the required total power estimation unit esti-
mates the total power required by the flying base
station based on the communication-related in-
formation shared among the terrestrial base sta-
tions.

6. The communication control apparatus according to

any of claims 1 to 5, further comprising:

a communication-related information acquisi-
tion unitthat acquires communication-related in-
formation concerning the communication that
each communication device connected to the
ground station performs with the flying base sta-
tion, and

a priority change unit that lowers the priority of
atleastone of the communication devices based
on the communication-related information,
wherein

the communication mode change unit changes
the communication mode between at least one
of the communication devices whose priority is
lowered by the priority change unit and the flying
base station.
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The communication control apparatus according to
any of claims 1 to 6, wherein the available power
estimation unit estimates the available power of the
flying base station based on the ephemeris informa-
tion of the flying base station.

The communication control apparatus according to
any of claims 1 to 7, wherein

the flying base station provides a flying commu-
nication cell on the ground and

one communication device in the flying commu-
nication cell can communicate with other com-
munication device connected to the ground sta-
tion via the flying base station and the ground
station.

The communication control apparatus according to
any of claims 1 to 8, wherein the flying base station
is a communication satellite flying in outer space.

A communication control method for a communica-
tion system with a ground station, which is at least
partly installed on the ground and can communicate
with a communication device, and a flying base sta-
tion, which can communicate with the ground station,
comprising:

estimating available power of the flying base sta-
tion;

estimating total power required by the flying
base station for communication with each com-
munication device connected to the ground sta-
tion; and

changing communication mode between at
least one communication device and the flying
base station, at least when the total power is
more than the available power, so that the total
power becomes less than the available power.

A communication control program for a communica-
tion system with a ground station, which is at least
partly installed on the ground and can communicate
with a communication device, and a flying base sta-
tion, which can communicate with the ground station,
causing a computer to perform:

estimating available power of the flying base sta-
tion;

estimating total power required by the flying
base station for communication with each com-
munication device connected to the ground sta-
tion; and

changing communication mode between at
least one communication device and the flying
base station, at least when the total power is
more than the available power, so that the total
power becomes less than the available power.
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