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Description

Title of Invention
COMMUNICATION CONTROL DEVICE, COMMUNICATION CONTROL
METHOD, RADIO COMMUNICATION SYSTEM, AND TERMINAL DEVICE

Technical Field
[0001]
The present disclosure relates to a communication control device, a
communication control method, a radio communication system, and a terminal

device.

Background Art
[0002]

Recent radio communication environments have faced problems of
depletion of frequency resources caused due to a rapid increase in data traffic.
Accordingly, to increase network density and improve resource efficiency, network
configurations in which a plurality of cells including macro cells and small cells are
disposed in an overlapping manner can be adopted. For example, heterogeneous
networks are networks that are formed in such a manner that various cells in which
radio access technologies, cell sizes, or frequency bands differ coexist.

[0003]

Small cells may, for example, be provided to cover a hot spot, where a
significant amount of traffic occurs. Note that hot spots change dynamically, and
therefore, it is not always easy to provide a small cell at a location suitable for a hot
spot. When a plurality of overlapping cells are provided, it is also important to
prevent the cells from adversely interfering with each other. Patent Literature 1
describes a technique for preventing such adverse interference from occurring in a
radio communication system. In the technique, a device that will secondarily use a
frequency channel senses a state of communication in a primary system or collects

sensed data, and based on the communication state, determines whether or not the
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secondary use is allowed, in advance.

Citation List
Patent Literature
[0004]
Patent Literature 1: JP 2010-193433A

Summary of Invention
Technical Problem
[0005]

However, the new introduction of an arrangement for sensing the
communication state requires correspondingly high cost. If the adverse interference
can be prevented by using an existing arrangement at low cost instead of the above
sensing, the secondary use of a frequency channel can be promoted, resulting in an
increase in network efficiency.

[0006]

Under the above circumstances, it is an object of the technology according

to the present disclosure to prevent the adverse interference by using an existing

arrangement when a frequency channel is secondarily used.

Solution to Problem
[0007]

According to the present disclosure, there is provided a communication
control device including: an obtaining unit configured to, in a radio communication
system including a primary base station to which a primary terminal is connected,
and a secondary base station to which a secondary terminal is connected by
secondarily using a frequency channel for the primary base station, obtain at least
one of a quality report containing a communication quality indicator measured by the
primary terminal and a quality report containing a communication quality indicator
measured by the secondary terminal; and an interference control unit configured to

instruct the secondary base station to reduce transmission power, when it is
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determined that adverse interference is present in the radio communication system,
based on the communication quality indicator contained in the quality report
obtained by the obtaining unit.

[0008]

According to the present disclosure, there is provided a communication
control method executed by a communication control device in a radio
communication system including a primary base station to which a primary terminal
Is connected, and a secondary base station to which a secondary terminal is
connected by secondarily using a frequency channel for the primary base station, the
communication control method including: obtaining at least one of a quality report
containing a communication quality indicator measured by the primary terminal and
a quality report containing a communication quality indicator measured by the
secondary terminal; determining whether or not adverse interference is present in the
radio communication system, based on the communication quality indicator
contained in the obtained quality report; and instructing the secondary base station to
reduce transmission power, if determining that the adverse interference is present.
[0009]

According to the present disclosure, there is provided a radio
communication system including: a primary base station to which a primary terminal
Is connected; a secondary base station to which a secondary terminal is connected by
secondarily using a frequency channel for the primary base station; and a cooperation
manager configured to instruct the secondary base station to reduce transmission
power, if it is determined that adverse interference is present in the system, based on
a communication quality indicator contained in at least one of a quality report
containing the communication quality indicator measured by the primary terminal
and a quality report containing the communication quality indicator measured by the
secondary terminal.

[0010]

According to the present disclosure, there is provided a terminal device

operable in a radio communication system including a primary base station to which

a primary terminal is connected, and a secondary base station to which a secondary
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terminal is connected by secondarily using a frequency channel for the primary base
station, the terminal device including: a control unit configured to generate a quality
report containing a communication quality indicator used by a control node
configured to determine whether or not adverse interference is present in the radio
communication system, the communication quality indicator being used for the
determination; and a radio communication unit configured to transmit the quality
report generated by the control unit to a base station to which the terminal device is

connected.

Advantageous Effects of Invention
[0011]

The technology according to the present disclosure provides an arrangement
that can prevent the adverse interference when a frequency channel is secondarily

used, at low cost.

Brief Description of Drawings
[0012]
[FIG. 1] FIG. 1 is an explanatory diagram for explaining an overview of a radio
communication system according to an embodiment.
[FIG. 2A] FIG. 2A is an explanatory diagram for explaining first example secondary
use of a frequency channel.
[FIG. 2B] FIG. 2B is an explanatory diagram for explaining second example
secondary use of a frequency channel.
[FIG. 2C] FIG. 2C is an explanatory diagram for explaining third example secondary
use of a frequency channel.
[FIG. 2D] FIG. 2D is an explanatory diagram for explaining fourth example
secondary use of a frequency channel.
[FIG. 3A] FIG. 3A is a first explanatory diagram for explaining a duty ratio in the
TDD scheme.
[FIG. 3B] FIG. 3B is a second explanatory diagram for explaining a duty ratio in the
TDD scheme.
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[FIG. 4A] FIG. 4A is a first explanatory diagram for explaining transmission of a
measurement report.

[FIG. 4B] FIG. 4B is a second explanatory diagram for explaining transmission of a
measurement report.

[FIG. 5A] FIG. 5A is an explanatory diagram for explaining a first example and a
second example of introduction of a cooperation manager.

[FIG. 5B] FIG. 5B is an explanatory diagram for explaining a third example of
introduction of a cooperation manager.

[FIG. 6] FIG. 6 is a block diagram showing an example configuration of a terminal
device according to an embodiment.

[FIG. 7] FIG 7 is a block diagram showing an example configuration of a
cooperation manager according to an embodiment.

[FIG. 8] FIG. 8 is an explanatory diagram showing a relationship between a base
station and a terminal in a first interference scenario.

[FIG. 9] FIG. 9 is a flowchart showing an example flow of a communication control
process that is performed by a cooperation manager in the first interference scenario.
[FIG. 10] FIG. 10 is an explanatory diagram showing a relationship between a base
station and a terminal in a second interference scenario.

[FIG. 11] FIG. 11 is an explanatory diagram showing a relationship between a base
station and a terminal in a third interference scenario.

[FIG. 12] FIG. 12 is a flowchart showing an example flow of a communication
control process that is performed by a cooperation manager in the third interference
scenario.

[FIG. 13] FIG. 13 is an explanatory diagram showing a relationship between a base
station and a terminal in a fourth interference scenario.

[FIG. 14] FIG. 14 is a flowchart showing an example flow of a communication
control process that is performed by a cooperation manager in the fourth interference
scenario.

[FIG. 15] FIG. 15 is an explanatory diagram showing a relationship between a base
station and a terminal in a fifth interference scenario.

[FIG. 16] FIG. 16 is a flowchart showing an example flow of a communication
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control process that is performed by a cooperation manager in the fifth interference
scenario.

[FIG. 17] FIG. 17 is an explanatory diagram for explaining one variation of the
communication control process performed in the fifth interference scenario.

[FIG. 18] FIG. 18 is an explanatory diagram showing a relationship between a base
station and a terminal in a sixth interference scenario.

[FIG. 19] FIG. 19 is a flowchart showing an example flow of a communication
control process that is performed by a cooperation manager in the sixth interference
scenario.

[FIG. 20] FIG. 20 is an explanatory diagram for explaining one variation of the

communication control process performed in the sixth interference scenario.

Description of Embodiments
[0013]

Hereinafter, preferred embodiments of the present disclosure will be
described in detail with reference to the appended drawings. Note that, in the
present description and the drawings, elements that have substantially the same
function and structure are denoted with the same reference signs, and repeated
explanation is omitted.

[0014]

Description will be provided in the following order.
1. Overview of system
2. Example configuration of terminal device
3. Example configuration of cooperation manager
4. Example interference scenarios
4-1. First interference scenario
4-2. Second interference scenario
4-3. Third interference scenario
4-4. Fourth interference scenario
4-5. Fifth interference scenario

4-6. Sixth interference scenario
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5. Conclusion
[0015]
<1. Overview of system>

FIG. 1 is an explanatory diagram for explaining an overview of a radio
communication system 1 according to an embodiment of the technology according to
the present disclosure. Referring to FIG. 1, the radio communication system 1
includes a primary base station 10, a primary terminal 20, a secondary base station
30, and secondary terminals 40a and 40b.

[0016]

The primary base station 10 is a base station to which one or more primary
terminals are connected. The primary base station 10 manages a primary cell 11
using a frequency channel for which the primary base station 10 is, for example,
legally allowed, or authorized to use. The primary base station 10 is connected to a
core network 5. The primary terminal 20, which is located in the primary cell 11, is
connected to the primary base station 10. When the primary base station 10
manages the primary cell 11 using the frequency division duplex (FDD) scheme, a
frequency channel from the primary terminal 20 to the primary base station 10 is
called an uplink (UL) channel, and a frequency channel from the primary base
station 10 to the primary terminal 20 is called a downlink (DL) channel. When the
primary base station 10 manages the primary cell 11 using the time division duplex
(TDD) scheme, the link direction of a frequency channel between the primary
terminal 20 and the primary base station 10 is switched at time intervals, such as, for
example, a sub-frame or the like.

[0017]

The secondary base station 30 is a base station to which one or more
secondary terminals are connected. The secondary base station 30 manages a
secondary cell 31 by secondarily using a frequency channel for the primary base
station 10. The secondary terminals 40a and 40b, which are located in the
secondary cell 31, are connected to the secondary base station 30. As an example,
the secondary cell 31 may be a small cell. As used herein, small cells encompass

femtocells, nanocells, picocells, microcells, and the like. There is a communication
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link between the secondary base station 30 and the primary base station 10. The
communication link between the primary base station 10 and the secondary base
station 30 may be a wired link or a wireless link.  Also, the secondary base station
30 may be connected to the primary base station 10 through the core network 5 and
the Internet 7.

[0018]

The primary base station 10 and the secondary base station 30 may each
operate as an evolved Node B (eNB) according to the Long Term Evolution (LTE)
standard or the LTE-Advanced (LTE-A) standard, for example. Alternatively, the
primary base station 10 and the secondary base station 30 may operate according to
other cellular communication standards, such as the Wideband-Code Division
Multiple Access (W-CDMA) standard, the CDMA2000 standard, and the like.

[0019]

The primary terminal 20, the secondary terminal 40a, and the secondary
terminal 40b may each, for example, operate as user equipment (UE) according to
the LTE standard or the LTE-A standard. Alternatively, the primary terminal 20, the
secondary terminal 40a, and the secondary terminal 40b may operate according to
other cellular communication standards, such as the W-CDMA scheme, the
CDMAZ2000 standard, and the like. The primary terminal 20, the secondary
terminal 40a, and the secondary terminal 40b may be any radio communication
terminal, such as, for example, a smartphone, tablet terminal, personal computer
(PC), personal digital assistant (PDA), portable navigation device (PNA), game
console, or the like. Note that, herein, when it is not necessary to distinguish the
secondary terminals 40a and 40b from each other, these secondary terminals are
collectively referred to as the secondary terminals 40 by removing the alphabet letter
at the end of the reference character. The same applies to the other components.
[0020]

In the FDD scheme, different frequency channels are used for transmission
and reception. Therefore, transmission and reception can be performed at the same
timing, and interference does not occur between transmission time slots and

reception time slots. Because of such advantages, it is believed that the FDD
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scheme is suitable for the case where a large region should be covered by a plurality
of macrocells. A number of macrocells may be managed according to the FDD
scheme. The primary cell 11 illustrated in FIG. 1 may typically be a macrocell.
On the other hand, it is becoming difficult to accommodate recently rapidly
increasing data traffic using only macrocells. Therefore, a small cell is provided in
a hot spot, where a significant amount of traffic occurs locally. If a small cell base
station covers terminals located in a hot spot, not only the traffic load is distributed,
but also communication quality in the hot spot is improved, and as a result, the
system capacity may also be improved by the effect of link adaptation. The
secondary cell 31 illustrated in FIG. 1 may typically be such a small cell. In hot
spots, the ratio of uplink traffic and downlink traffic may change dynamically. In
the TDD scheme, such dynamically changing traffic can be efficiently processed by
controlling a duty ratio (the ratio of the time amount of UL time slots and the time
amount of DL time slots). Therefore, small cells as an example may be managed
according to the TDD scheme. Note that when there are a plurality of overlapping
cells managed according to the TDD scheme, it is necessary for the cells to be highly
precisely synchronized together and have the same duty ratio in order to avoid
interference between UL time slots and DL time slots, and therefore, the above
advantages of the TDD scheme are reduced. Therefore, in the radio communication
system 1, for example, while a hot spot in the primary cell 11 managed according to
the FDD scheme may be covered by the secondary cell 31 managed according to the
TDD scheme, the secondary cell 31 may be provided without overlapping any other
secondary cell. In this case, interference between the primary cell 11 and the
secondary cell 31 is the only interference that can occur in the radio communication
system 1.

[0021]

FIGS. 2A-2D are each an explanatory diagram for explaining example
secondary use of a frequency channel. An upper portion of FIG. 2A shows two
frequency channels (primary channels) FC11 and FC12 that are used by the primary
cell 11. The frequency channel FC11 is, for example, an uplink channel that

occupies a band ranging from a frequency F11 to a frequency F12. The frequency
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channel FC12 is, for example, a downlink channel that occupies a band ranging from
a frequency F21 to a frequency F22. A lower portion of FIG. 2A shows a secondary
channel that is secondarily used by the secondary cell 31. In the example of FIG.
2A, the frequency channel FC11 is secondarily used as a secondary channel.
[0022]

An upper portion of FIG. 2B shows the same two frequency channels FC11
and FC12 as those of FIG. 2A again. The frequency channels FC11 and FC12 are a
primary channel that is used by the primary cell 11. In a lower portion of FIG. 2B,
the frequency channels FC11 and FC12 are both secondarily used. For example,
the frequency channel FC11 may be used by the secondary cell 31, and the frequency
channel FC12 may be used by another secondary cell (and vice versa).
[0023]

An upper portion of FIG. 2C shows four frequency channels CC11, CC12,
CC13, and CC14. These frequency channels are each a component carrier (CC) in
the LTE-A carrier aggregation technology. The frequency channel CC11 is an
uplink CC that occupies a band ranging from a frequency F11 to a frequency F12.
The frequency channel CC12 is an uplink CC that occupies a band ranging from the
frequency F12 to a frequency F13. The frequency channels CC11 and C12 may be
aggregated by the carrier aggregation technology to form an uplink aggregated
channel.  Also, the frequency channel CC13 is a downlink CC that occupies a band
ranging from a frequency F21 to a frequency F22. The frequency channel CC14 is
a downlink CC that occupies a band ranging from the frequency F22 to a frequency
F23. The frequency channels CC13 and C14 may be aggregated by the carrier
aggregation technology to form a downlink aggregated channel. A lower portion of
FIG. 2C shows a secondary channel that is secondarily used by the secondary cell 31.
In the example of FIG. 2C, the frequency channel CC11 is secondarily used as a
secondary channel.
[0024]

An upper portion of FIG. 2D shows the same four frequency channels CC11,
CC12, CC13, and CC14 as those of FIG. 2C. The frequency channels CC11 and
C12 may be aggregated by the carrier aggregation technology to form an uplink
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aggregated channel for the primary cell 11.  Also, the frequency channels CC13 and
C14 may be aggregated by the carrier aggregation technology to form a downlink
aggregated channel for the primary cell 11. A lower portion of FIG. 2D shows two
secondary channels that are secondarily used by the secondary cell 31. In the
example of FIG. 2D, the frequency channels CC12 and CC13 are a secondary
channel. The frequency channels CC12 and C13 may be aggregated by the carrier
aggregation technology to form an aggregated channel (e.g., may be managed by the
TDD scheme) for the secondary cell 31.
[0025]

Note that resource allocation information (for resource block allocation or
PUSCH allocation, etc.) may be distributed on each of a plurality of component
carriers included in an aggregated channel or on a component carrier having lowest
observed interference. For example, the secondary terminal 40 transmits a quality
report containing a communication quality indicator for each component carrier of an
aggregated channel, to the secondary base station 30. Thereafter, the secondary
base station 30 may select a component carrier that is to be used in transmitting
resource allocation information to the secondary terminal 40, using the
communication quality indicator for each component carrier. As a result, a
reduction in performance due to transmission error of resource allocation information
can be reduced. The amount of interference for each component carrier may be
estimated using various techniques described below.
[0026]

FIGS. 3A and 3B are explanatory diagrams for explaining a duty ratio in the
TDD scheme. In a first example of FIG. 3A, secondary terminals 40a and 40b have
uplink traffic while a secondary terminal 40c has downlink traffic. In this case, in
the entire system, the amount of uplink traffic is greater than the amount of downlink
traffic, and therefore, a duty ratio having a larger number of UL time slots may be
selected. As an example, FIG. 3A shows a configuration of 10 sub-frames included
in a radio frame having a time length of 10 msec. Here, one radio frame includes
six UL sub-frames (labeled with the letter “U”), two DL sub-frames (labeled with the
letter “D”), and two special sub-frames (labeled with the letter “S”). Note that
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special sub-frames are a sub-frame including a guard interval, that is inserted when
the link is switched from downlink to uplink.
[0027]

In contrast to this, in a second example of FIG. 3B, a secondary terminal 40a
has uplink traffic while secondary terminals 40b and 40c have downlink traffic. In
this case, in the entire system, the amount of downlink traffic is greater than the
amount of uplink traffic, and therefore, a duty ratio having a larger number of DL
time slots may be selected. As an example, a radio frame shown in FIG. 3B
includes two UL sub-frames, six DL sub-frames, and two special sub-frames. By
thus changing the duty ratio applied to the secondary cell 31, depending on the state
of traffic in a cell, the secondary base station 30 can efficiently process traffic in a
hot spot that changes dynamically.

[0028]

It is important to prevent adverse interference in the radio communication
system 1 no matter whether the primary cell 11 and the secondary cell 31 are
managed according to the FDD scheme or according to the TDD scheme.
According to the technique disclosed in Patent Literature 1, a secondary base station
or a secondary terminal senses communication states therearound or collects sensed
data in advance before determining whether or not a frequency channel protected for
a primary cell can be secondarily used. For example, when a radio signal of a
primary system has been detected as a result from sensing, it may be determined that
secondary use is not to be performed, in order to prevent adverse interference from
occurring in the primary system. However, the new introduction of an arrangement
for sensing a communication state requires correspondingly high cost. Therefore, in
this embodiment, instead of such sensing, an existing quality report arrangement is
used to determine the occurrence of adverse interference or the risk thereof. The
quality report that may be herein used may be, for example, a measurement report or
a channel quality indicator (CQI) report.
[0029]

The measurement report is a report containing a determination indicator

used in determining handover, which is transmitted from a terminal to a base station.
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The measurement report typically contains a received power indicator for a reference
signal, such as reference signal received power (RSRP). For example, a
measurement report that is transmitted from the primary terminal 20 to the primary
base station 10 contains RSRP for a reference signal from the primary base station 10,
which is a serving base station, and RSRP for a reference signal from one or more
neighboring base stations (e.g., the secondary base station 30). In this embodiment,
in addition to this, it is assumed that a terminal incorporates a communication quality
indicator into a measurement report. The communication quality indicator may be,
for example, a signal-to-interference and noise power ratio (SINR) or a signal-to-
interference power ratio (SIR). Most existing terminals have an application
programming interface (API) for measuring the SINR or SIR, and therefore, a
measurement report can be modified to contain such a communication quality
indicator, at less implementation cost. Note that the term “reference signal” as used
herein may be replaced with another term, such as a pilot signal, beacon signal, or
the like, depending on the communication scheme to which the technology according
to the present disclosure is applied.

[0030]

FIG. 4A and FIG. 4B are explanatory diagrams for explaining transmission
of a measurement report. FIG. 4A shows a signal sequence in an UMTS terrestrial
radio access network (UTRAN). A radio network controller (RNC) is a control
node that is located in a core network. An RNC initially transmits a measurement
control message to a terminal (UE) through a base station (NodeB) (step S11). The
measurement control message indicates reporting criteria with which the UE
determines a timing at which a measurement report is to be transmitted. The
reporting criteria may be, for example, periodic criteria, or event-triggered criteria
(e.g., based on threshold comparison of a measured indicator). If the UE
determines that the reporting criteria indicated by the measurement control message
are satisfied, the UE transmits a measurement report to the RNC through the NodeB
(step S12). Such reporting criteria determination and measurement report
transmission may be repeatedly performed.

[0031]
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FIG. 4B shows a signal sequence in an E-UTRAN. Initially, a base station
(eNodeB) transmits an RRC connection reconfiguration message to a terminal (UE)
(step S21). The RRC connection reconfiguration message indicates reporting
criteria with which the UE determines a timing at which the measurement report is to
be transmitted. The reporting criteria may be, for example, periodic criteria, or
event-triggered criteria (e.g., based on threshold comparison of measured indicators).
If the periodic criteria are employed, a reporting period may be specified within the
range of, for example, 120 ms to 3600 ms. If the event-triggered criteria are
employed, a suitable threshold may be specified for each of a plurality of events that
are categorized. The RRC connection reconfiguration message may also indicate
the type of an indicator that is to be reported. If the UE determines that the
reporting criteria indicated by the RRC connection reconfiguration message are
satisfied, the UE transmits a measurement report to the eNodeB (step S22). Such
reporting criteria determination and measurement report transmission may be
repeatedly performed.

[0032]

A measurement report may contain, in addition to the above RSRP, SINR
and SIR, an indicator, such as CPICH received signal code power (RSCP), CPICH
energy per chip divided by the power density (Ec/No), pilot power, energy per chip
per interference density measured on the pilot channel (Ec/lo), reference signal
received quality (RSRQ), an signal to noise ratio (SNR), or the like.

[0033]

In this embodiment, introduced is a cooperation manager 100 that is a
functional entity for determining the occurrence of adverse interference in the radio
communication system 1. The cooperation manager 100 obtains at least one of a
quality report containing a communication quality indicator measured by a primary
terminal and a quality report containing a communication quality indicator measured
by a secondary terminal, and based on the communication quality indicator contained
in the obtained quality report, determines the occurrence of adverse interference (or
the risk thereof).

[0034]
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FIG. 5A is an explanatory diagram for explaining a first example and a
second example of the introduction of a cooperation manager. In the first example,
a cooperation manager 100a is provided on a control node 52 in the core network 5.
The control node 52 may be a node of any type, such as, for example, the Mobility
Management Entity (MME), PDN-Gateway (P-GW), Serving-Gateway (S-GW), or
the like The cooperation manager 100a can obtain a measurement report generated
by a primary terminal or a secondary terminal, from the primary base station 10 and
the secondary base station 30, through a core network-base station interface, such as,
for example, the S1 interface or the like.

[0035]

In the second example, a cooperation manager 100b is provided on the
primary base station 10. The cooperation manager 100b can directly receive a
measurement report from a primary terminal, or can receive a measurement report
generated by a primary terminal or a secondary terminal from another base station
through an inter-base station interface, such as the X2 interface or the like.

[0036]

FIG. 5B is an explanatory diagram for explaining a third example of the
introduction of a cooperation manager. In the third example, a cooperation manager
100c is provided as a new dedicated control node in the core network 5. The
cooperation manager 100c can obtain a measurement report from another control
node 52, the primary base station 10, or the secondary base station 30, through a
newly implemented interface.

[0037]
<2. Example configuration of terminal device>

FIG. 6 is a block diagram showing an example configuration of a terminal
device according to this embodiment. A terminal device 90 shown in FIG. 6 is dealt
with as the primary terminal 20 when the terminal device 90 is connected to the
primary base station 10, and is dealt with as the secondary terminal 40 when the
terminal device 90 is connected to the secondary base station 30. The terminal
device 90 can be handed over from the primary base station 10 to the secondary base

station 30 or from the secondary base station 30 to the primary base station 10.



10

15

20

25

30

16

Referring to FIG. 6, the terminal device 90 includes a radio communication unit 91, a
storage unit 92, an input unit 93, a display unit 94, and a control unit 95.
[0038]

The radio communication unit 91 is a radio communication interface that
has one or more antennas, and operates according to the FDD scheme or the TDD
scheme. The radio communication unit 91 detects a cell that is managed in the
vicinity of the terminal device 90, by a cell search procedure, and connects to one of
connectable base stations that is expected to have best communication quality (e.g.,
highest received power of a reference signal). A base station to which a terminal is
connected is referred to as a serving base station for the terminal. The radio
communication unit 91 transmits an uplink signal to a serving base station, and
receives a downlink signal from a serving base station. The maximum transmission
power of an uplink signal transmitted from the radio communication unit 91 is set to
be greater as the transmission power of a reference signal set from a serving base
station increases.

[0039]

The storage unit 92 stores a program and data for operating the terminal
device 90, using a storage medium, such as a hard disk, semiconductor memory, or
the like.

[0040]

The input unit 93, which includes, for example, a touch sensor for detecting
a touch on the screen of the display unit 94, a keypad, a keyboard, a button, or a
switch, or the like, receives an operation or information input by the user.

[0041]

The display unit 94, which has a screen, such as a liquid crystal display
(LCD), organic light emitting diode (OLED) display, or the like, displays an output
image of the terminal device 90.

[0042]

The control unit 95 controls all operations of the terminal device 90 using a

central processing unit (CPU) or a system on chip (SoC). In this embodiment, the

control unit 95 includes a power measurement unit 96, a quality measurement unit 97,
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and a report generation unit 98.
[0043]

The power measurement unit 96 measures the power of a received signal
received by the radio communication unit 91 to generate a received power indicator.
For example, when the terminal device 90 is connected to the primary base station 10,
the power measurement unit 96 may measure the received power of a reference
signal of the primary base station 10 received by the radio communication unit 91 to
generate RSRP indicating the measured value as a received power indicator. Also,
when the terminal device 90 is connected to the secondary base station 30, the power
measurement unit 96 may measure received power of a reference signal of the
secondary base station 30 received by the radio communication unit 91 to generate
RSRP indicating the measured value as a received power indicator. Thereafter, the
power measurement unit 96 outputs the generated received power indicator to the
quality measurement unit 97 and the report generation unit 98.

[0044]

The quality measurement unit 97 measures communication quality of a
received signal received by the radio communication unit 91 to generate a
communication quality indicator. For example, when the terminal device 90 is
connected to the primary base station 10, the quality measurement unit 97 may
measure communication quality for a frequency channel between the primary base
station 10 and the terminal device 90 to generate an SINR indicating the measured
value as a communication quality indicator. Also, when the terminal device 90 is
connected to the secondary base station 30, the quality measurement unit 97 may
measure communication quality for a frequency channel between the secondary base
station 30 and the terminal device 90 to generate an SINR indicating the measured
value as a communication quality indicator.  During the measurement of
communication quality, the quality measurement unit 97 may use a received power
indicator input from the power measurement unit 96. Thereafter, the quality
measurement unit 97 outputs the generated communication quality indicator to the
report generation unit 98.

[0045]
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The report generation unit 98 determines whether or not the reporting
criteria indicated by the measurement control message described with reference to
FIG. 4A or the RRC connection reconfiguration message described with reference to
FIG. 4B are satisfied. Also, the report generation unit 98 generates a measurement
report containing the received power indicator input from the power measurement
unit 96 and the communication quality indicator input from the quality measurement
unit 97. Thereafter, if the reporting criteria are satisfied, the report generation unit
98 transmits the generated report from the radio communication unit 91 to a serving
base station on an uplink channel or uplink time slot(s). Note that, instead of a
measurement report, the report generation unit 98 may generate a CQI report
containing the above received power indicator and communication quality indicator,
and transmits the generated CQI report from the radio communication unit 91 to a
serving base station.

[0046]
<3. Example configuration of cooperation manager>

FIG. 7 is a block diagram showing an example configuration of the
cooperation manager 100 according to this embodiment. Referring to FIG. 7, the
cooperation manager 100 includes a communication unit 110, a storage unit 120, and
a control unit 130.

[0047]

The communication unit 110 is a communication interface for allowing the
cooperation manager 100 to communicate with other nodes in the radio
communication system 1. When the cooperation manager 100 is provided on a
control node (an existing or new one) in the core network 5, the communication unit
110 may, for example, be provided with the S1 interface between the primary base
station 10 and the secondary base station 30. When the cooperation manager 100 is
provided on a primary base station, the communication unit 110 may, for example, be
provided with the X2 interface between itself and other base stations.

[0048]
The storage unit 120 stores a program and data for operating the cooperation

manager 100, using a storage medium, such as a hard disk, semiconductor memory,
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or the like.
[0049]

The control unit 130 controls all operations of the cooperation manager 100
using a CPU or SoC. In this embodiment, the control unit 130 includes a data
obtaining unit 132 and an interference control unit 134.

[0050]

The data obtaining unit 132 obtains at least one of a quality report generated
by the primary terminal 20 and a quality report generated by the secondary terminal
40. When the cooperation manager 100 is provided on a control node in the core
network 5, the data obtaining unit 132 may obtain, through the communication unit
110, a quality report generated by the primary terminal 20 from the primary base
station 10, and a quality report generated by the secondary terminal 40 from the
secondary base station 30. When the cooperation manager 100 is provided on the
primary base station 10, the data obtaining unit 132 may obtain a quality report
generated by the primary terminal 20 connected to the primary base station 10 from
the primary terminal 20, and quality reports generated by other terminals from other
base stations. A quality report obtained by the data obtaining unit 132 may be a
measurement report or CQI report as described above. The quality report, which
contains a received power indicator and a communication quality indicator, is used to
determine whether or not adverse interference is present in the radio communication
system 1.

[0051]

The data obtaining unit 132 may also obtain additional information that may
be optionally used in determining interference, such as a current transmission power
value of each base station, a list of terminals currently connected, and the like. In
scenarios described below, interference is determined based on location information
of a base station. Therefore, the data obtaining unit 132 may also obtain location
information of the primary base station 10 and the secondary base station 30. The
location information may be stored in the storage unit 120 in advance, or may be
dynamically measured by each base station using some known positioning technique

(e.g., GPS positioning, etc.).
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[0052]

The interference control unit 134 determines whether or not adverse
interference is present in the radio communication system 1, based on a
communication quality indicator contained in a quality report obtained by the data
obtaining unit 132. Thereafter, if the interference control unit 134 determines that
adverse interference is present, the interference control unit 134 instructs the
secondary base station 30 involved in the interference, to reduce transmission power.
The interference control unit 134 may transmit a control message for instructing to
reduce transmission power, from the communication unit 110 to the secondary base
station 30 through, for example, the above S1 interface or X2 interface. Here, the
control message transmitted may contain a label having only the meaning “reduce
transmission power,” or a specific target value of transmission power.

[0053]

The secondary base station 30 includes a radio communication unit that has
one or more antennas, and performs radio communication with one or more
secondary terminals 40 by secondarily using a frequency channel for the primary
base station 10, and a communication unit that transfers a quality report generated by
the secondary terminal 40 to the cooperation manager 100, and receives a control
message from the cooperation manager 100. The secondary base station 30, when
receiving a control message that instructs to reduce transmission power from the
cooperation manager 100, reduces transmission power set in the radio
communication unit. The secondary base station 30 may set transmission power to
a target value indicated by the control message.

[0054]

In this embodiment, the determination of interference by the interference
control unit 134 based on a communication quality indicator roughly includes two
techniques. In the first technique, the interference control unit 134 estimates a
distance between a first terminal and a first base station to which the first terminal is
connected, from a received power indicator. Thereafter, when the communication
quality indicator does not satisfy allowable quality depending on the estimated

distance, the interference control unit 134 determines that adverse interference is
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present. In the second technique, the interference control unit 134 estimates a path
loss between a second terminal and a second base station to which the second
terminal is not connected, from an interference component of the communication
quality indicator. Also, the interference control unit 134 estimates interference
power in the second base station that is caused by the transmission power of the
second terminal, based on the estimated path loss. Thereafter, when the estimated
interference power does not satisfy allowable interference power, the interference
control unit 134 determines that adverse interference is present. Note that, in the
first technique, the SNR may be used as a communication quality indicator instead of
the SINR or SIR.

[0055]

Incidentally, when the primary terminal 20 is provided in or in the vicinity
of the secondary cell 31, a downlink signal transmitted from the secondary base
station 30 acts as an interference component in a communication quality indicator of
the primary terminal 20. Specifically, a downlink signal from the secondary base
station 30 decreases communication quality that is experienced by the primary
terminal 20. The decrease is transmitted from the primary terminal 20 to the
cooperation manager 100 through a quality report. Therefore, in the above second
technique, the interference control unit 134 can estimate a path loss between the
primary terminal 20 and the secondary base station 30 to which the primary terminal
20 is not connected, from an interference component of a communication quality
indicator of a quality report generated by the primary terminal 20. Similarly, the
interference control unit 134 can estimate a path loss between the secondary terminal
40 and the primary base station 10 to which the secondary terminal 40 is not
connected, from an interference component of a communication quality indicator of
a quality report generated by the secondary terminal 40.

[0056]

In the next section, six interference scenarios in the radio communication
system 1 of how the interference control unit 134 can determine the occurrence of
adverse interference will be described.

[0057]



10

15

20

25

22

<4. Example interference scenarios>
[4-1. First interference scenario]

In a first interference scenario, the interference control unit 134 determines
the occurrence of adverse interference according to the above first technique. The
first terminal is the primary terminal 20, and the first base station is the primary base
station 10. Specifically, the interference control unit 134 estimates a distance
between the primary terminal 20 and the primary base station 10 to which the
primary terminal 20 is connected, from a received power indicator. Thereafter, the
interference control unit 134 determines that adverse interference is present, if
allowable quality depending on the estimated distance is not satisfied by a
communication quality indicator contained in a quality report obtained from the
primary terminal 20.

[0058]

FIG. 8 is an explanatory diagram showing a relationship between a base
station and a terminal in the first interference scenario. In FIG. 8, a desired signal is
indicated by a thick line, and an interfering signal is indicated by a dashed line. In
the first interference scenario, a downlink channel from the primary base station 10
to the primary terminal 20 is secondarily used by the secondary base station 30.
Also, a downlink signal from the secondary base station 30 to the secondary terminal
40 acts as an interfering signal on a desired signal received by the primary terminal
20.

[0059]

The received power Prer1 1 [W] of a reference signal that is received by the
primary terminal 20 from the primary base station 10 is represented by the following
formula, where Prer; is the transmission power of the reference signal, and L 1 is a
path loss between the primary base station 10 and the primary terminal 20. Note
that, here, it is assumed that the antenna does not have directivity.

[0060]
[Math 1]
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PREFU = L1_1 Berr (1)

[0061]

Similarly, the received power Igrer2 uer [W] of a reference signal that is
received by the primary terminal 20 from the secondary base station 30 is
represented by the following formula, where Pgrer; is the transmission power of the
reference signal, and L, ; is a path loss between the secondary base station 30 and
the primary terminal 20.

[0062]
[Math 2]

1 REF2_UEl — L2_1 Brepn (2)

[0063]

Overall interference power Ip 2 yer from the secondary base station 30 that
is observed by the primary terminal 20 is represented by the following formula,
where Irer2 uer IS received power (interference power) of a reference signal from the
secondary base station 30 that is observed by the primary terminal 20, and
Mgrer2/MarL2 i the power ratio of all signal components to the reference signal
component. Note that Ma. 2 and Mgeg2 represent the total number of resource
blocks in the secondary cell 31 and the number of resource blocks used for the

reference signal, respectively.

[0064]
[Math 3]
] _ M ALL2 | J
DL2 UE1 — M REF2 UE1  (3)
REF?2
[0065]

Moreover, the SINRger; Of a reference signal from the primary base station
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10 that is observed by the primary terminal 20 is represented by the following
formula, where MaiL1/Mger1 is the power ratio of all signal components to a
reference signal component from the primary base station 10 in the primary cell 11,
where N(d;) is a noise component (thermal noise, and noise in a receiver) depending
on a distance d; from the primary base station 10. Note that Ma. 1 and Mger:
represent the total number of resource blocks in the primary cell 11 and the number
of resource blocks used for the reference signal, respectively.

[0066]

[Math 4]

PREFl_l
SINR 1y, = 7. "
N(dl ) + M— ] ]DL2_UE1

ALL1

[0067]

Note that when the code division multiple access (CDMA) scheme is
employed, the noise component N(di) may be obtained through a correlation with
codes assigned to a pilot signal. When the orthogonal frequency division multiple
access (OFDMA) scheme is employed, the noise component N(d;) may represent
noise in a band of resource blocks allocated to a reference signal.

[0068]

Formula (4) is derived by assuming that an interference component of an
SINR measured in the primary terminal 20 is caused by the transmission power of
the secondary base station 30. A control target value Prerz 1ot Of the transmission
power of a reference signal of the secondary base station 30 may be calculated by
substituting minimum allowable quality SINRa w1 for the SINRger; in Formula (4)
and modifying the formula. Note that Pmargin IS backoff power that is set in order to
compensate for an error that may occur due to various causes.

[0069]
[Math 5]
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[0070]
Here, the distance d; may be represented by the following formula, where ¢
[m/s] is the light speed, and f; [Hz] is a frequency of a reference signal of the

primary base station 10.

[0071]
[Math 6]
d =_5 Prir
1 4 P (6)
7, REF1_1
[0072]

Moreover, a path loss L » can be represented by the following formula,

based on Formula (2), Formula (3), and Formula (4).

[0073]
[Math 7]
M -M . P,
Ll , = ALL1 REF?2 . REFi_1 __N(dl) (7)
MREFI 'MALLz 'PREFz S[NRREFI
[0074]

Note that a power correction coefficient k; may be added to Formula (5) as
follows. The power correction coefficient k; may, for example, be the ratio of the
transmission power of another downlink signal to the transmission power of a
reference signal.

[0075]
[Math 8]
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MREF2 . PREF]_] _N(d ) _P
1 margin
'MREF] 'L2~1 SINRALW] : ‘8

P, REF2 TGT —
_ k]

[0076]

Also, the following power correction coefficient k, depending on the duty
ratio of the secondary cell 31 may be used instead of or in addition to the power
correction coefficient k;.  When the secondary cell 31 is managed according to the
TDD scheme, the power correction coefficient k» is used to change the control target
value Preg2 11 Of the transmission power of a reference signal from the secondary
base station 30, depending on the ratio of UL time slots and DL time slots. Note
that, for example, Tp. may correspond to the number of DL sub-frames (or DL sub-
frames and special sub-frames) in one radio frame, and Ty, may correspond to the

number of UL sub-frames in one radio frame.

[0077]
[Math 9]
k — T DL
UL DL
[0078]

FIG. 9 is a flowchart showing an example flow of a communication control
process that is performed by the cooperation manager 100 in the first interference
scenario. The communication control process described here may be repeatedly
performed at regular or variable intervals, or may be performed according to a
request from any terminal or base station.

[0079]

Referring to FIG. 9, initially, the interference control unit 134 selects a
primary terminal that is to be protected from interference (step S111). Next, the
interference control unit 134 obtains a measurement report from the selected primary
terminal (step S112). Next, the interference control unit 134 estimates a distance

between a primary base station and a primary terminal according to Formula (6),
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from RSRP and the transmission power of a corresponding reference signal that are
contained in the obtained measurement report (step S113). Next, the interference
control unit 134 obtains an allowable value SINRa w1 0f SINR corresponding to the
estimated distance (step S114). Note that a table in which various distances are
associated with corresponding allowable values of SINR, may be stored in the
storage unit 120 in advance. Next, the interference control unit 134 determines
whether or not an SINR contained in a measurement report from the selected primary
terminal satisfies allowable quality (i.e., whether or not the SINR exceeds the
allowable value SINRaLw1) (step S115). Here, if it is determined that the measured
SINR does not satisfy allowable quality, the interference control unit 134 instructs a
secondary base station to reduce transmission power (step S116). Such a process is
repeated for each of primary terminals that are to be protected from interference (step
S117). Thereafter, if the interference determination has been ended for all primary
terminals, the communication control process shown in FIG. 9 is ended.

[0080]

Note that, instead of instructing a secondary base station to reduce
transmission power after the interference determination has been performed for each
primary terminal as in the example of FIG. 9, a secondary base station may be
instructed to reduce transmission power only once after the interference
determination has been performed for all primary terminals. In the latter case, the
interference control unit 134 may select a lowest control target value of transmission
power, and notify the secondary base station of the selected control target value.
[0081]

[4-2. Second interference scenario]

In a second interference scenario, the interference control unit 134
determines the occurrence of adverse interference according to the above first
technique. The first terminal is the primary terminal 20, and the first base station is
the primary base station 10. Note that, in the second interference scenario, an
interference factor is not the secondary base station 30, but rather the secondary
terminal 40. A communication control process performed in the second

interference scenario may be similar to that shown in FIG. 9.
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[0082]

FIG. 10 is an explanatory diagram showing a relationship between a base
station and a terminal in the second interference scenario. In the second
interference scenario, a downlink channel from the primary base station 10 to the
primary terminal 20 is secondary used by the secondary base station 30. Also, an
uplink signal from the secondary terminal 40 to the secondary base station 30 acts as
an interfering signal on a desired signal received by the primary terminal 20.

[0083]

One or more terminals connected to a base station each transmit an uplink
signal with transmission power that allows the base station to receive equal received
power of an uplink signal. This means that transmission power from a terminal is
set to be greater as a path loss between the terminal and a base station increases. A
relationship between the received power of a reference signal that is received by the
secondary terminal 40 from the secondary base station 30, the transmission power of
the reference signal, and a path loss between the secondary base station 30 and the
secondary terminal 40, is represented by the following formula.

[0084]
[Math 10]

P REF2 2 — Lz_z B (27)

[0085]

The transmission power Py» of an uplink signal transmitted by the
secondary terminal 40 is represented by the following formula, where Pgrgr, is the
transmission power of a reference signal, and L, » is a path loss.

[0086]
[Math 11]

P, = Boasy _ b, - Frer

L2 — (10)
Lz_z Lz_z



10

15

20

29

[0087]

In Formula (10), Pgas2 represents base power on which transmission power
from the secondary terminal 40 depends. The base power Pgas; may have a
variable value that is signaled to the secondary terminal 40, or may have a predefined
fixed value. Alternatively, instead of the base power Pgasy, the ratio b, of the base
power Pgasy to the transmission power Prer, Of a reference signal may be signaled or
fixedly defined.

[0088]

Overall interference power ly.2 ue1 Of uplink signals from Nyge, secondary
terminals 40 that is observed in the primary terminal 20, is represented by the
following formula based on Formula (10). Note that Ly 1 represents a path loss
between the i-th secondary terminal 40 and the primary terminal 20, and L; 5

represents a path loss between the secondary base station 30 and the i-th secondary

terminal 40.
[0089]
[Math 12]
N,
7 P . UE2 L2i_1
UL2_UE1 — ¥ REF2 I (1 1)
i 22

[0090]

According to a meaning similar to that of Formula (4), the SINRger; of a
reference signal from the primary base station 10 that is observed in the primary
terminal 20 in the second interference scenario is represented by the following
formula, where May_ > is the total number of resource blocks in the secondary cell 31.
[0091]

[Math 13]
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M (12)
N(dl)—l—ﬁ@ ']ULz_UEl

ALL2

SINR ., =

[0092]
Here, the following relationship formula is derived from Formula (11) and
Formula (12).
[0093]
[Math 14]

[0094]

The instruction to the secondary base station 30 to reduce the transmission
power of a reference signal in step S116 of FIG. 9 leads to a shrinkage of the
secondary cell 31, and therefore, a decrease in the number Nyg, of secondary
terminals 40 located in the secondary cell 31. Specifically, when adverse
interference is caused by an uplink signal transmitted to the secondary base station
30, the interference control unit 134 hands over one or more secondary terminals 40
from the secondary base station 30 to the primary base station 10. As a result, the
overall interference power Iy yex Of Formula (11) is reduced, and the
communication quality SINRggr; of Formula (12) is improved.

[0095]

As an example, if the transmission power Prer, Of a reference signal of the
secondary base station 30 is reduced to Prer,’, the secondary terminal 40 that does
not satisfy the following condition may perform handover to the primary base station
10. Note that Pyy; is a threshold for determining handover. The threshold Pty
may vary depending on an operation mode (an active mode, an idle mode, etc.) of a

terminal at that time.
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[0096]
[Math 15]

!

Fryy < PREF2_2i = L2_2i - Peera (14)

[0097]
[4-3. Third interference scenario]

In a third interference scenario, the interference control unit 134 determines
the occurrence of adverse interference according to the above first technique. The
first terminal is the secondary terminal 40, and the first base station is the secondary
base station 30. Specifically, the interference control unit 134 estimates a distance
between the secondary terminal 40 and the secondary base station 30 to which the
secondary terminal 40 is connected, from a received power indicator. Thereafter,
the interference control unit 134 determines that adverse interference is present, if
allowable quality depending on the estimated distance is not satisfied by a
communication quality indicator contained in a quality report obtained from the
secondary base station 30.

[0098]

FIG. 11 is an explanatory diagram showing a relationship between a base
station and a terminal in the third interference scenario. In the third interference
scenario, an uplink channel from the primary terminal 20 to the primary base station
10 is secondarily used by the secondary base station 30. The uplink signal from the
primary terminal 20 to the primary base station 10 acts as an interfering signal on a
desired signal received from the secondary terminal 40.

[0099]

Overall interference power Iy 1 ue2 Of uplink signals from Nygp primary
terminal 20 that is observed in the secondary terminal 40, is represented by the
following formula, where Py is the transmission power of the j-th primary terminal
20, andL4; 2 is a path loss between the j-th primary terminal 20 and the secondary
terminal 40.

[0100]
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[Math 16]

NUEl

[ULI_UEZ = L]i_2 'PUElj (15)

[0101]

An SINRRger, of a reference signal from the secondary base station 30 that is
observed in the secondary terminal 40 in the third interference scenario, is
represented by the following formula.

[0102]
[Math 17]

PREF2 2
S]NRREFZ _ MREF2 ¥ (16)

N(dz) + M— UL1 UE2

ALL1

[0103]

Note that N(d;) represents a noise component (thermal noise, and noise in a
receiver) that depends on a distance d, from the secondary base station 30. When
the CDMA scheme is employed, the noise component N(d) is obtained through a
correlation with codes assigned to a pilot signal. When the OFDMA scheme is
employed, the noise component N(d,) may represent noise in the band of resource
blocks allocated to a reference signal.

[0104]

The instruction to the secondary base station 30 to reduce the transmission
power of a reference signal in the third interference scenario leads to a shrinkage of
the secondary cell 31, and therefore, a handover of the secondary terminal 40 whose
measured communication quality does not satisfy allowable quality to the primary
base station 10 (or such a secondary terminal 40 is connected to the primary base
station 10 after selection of a cell or reselection of a cell). As a result, adverse

interference that is present in the secondary terminal 40 may be eliminated.
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[0105]

As an example, if the transmission power Prer, of a reference signal of the
secondary base station 30 is reduced to Prer,”’, the secondary terminal 40 that does
not satisfy the following condition may perform handover to the primary base station
10. Note that Py, is a threshold for determining handover. The threshold Pty
may vary depending on an operation mode of a terminal at that time.

[0106]
[Math 18]

4

By <L2_2i '(PREFz +Pmargin) (17)

[0107]

FIG. 12 is a flowchart showing an example flow of a communication control
process that is performed by the cooperation manager 100 in the third interference
scenario. The communication control process described here may be repeatedly
performed at regular or variable intervals, or may be performed according to a
request from any terminal or base station.

[0108]

Referring to FIG. 12, initially, the interference control unit 134 selects a
secondary terminal (step S131). Next, the interference control unit 134 obtains a
measurement report from the selected secondary terminal (step S132). Next, the
interference control unit 134 estimates a distance between a secondary base station
and a secondary terminal, from RSRP and the transmission power of a corresponding
reference signal that are contained in the obtained measurement report (step S133).
Next, the interference control unit 134 obtains an allowable value SINRa w2 of SINR
corresponding to the estimated distance (step S134). Note that a table in which
various distances are associated with corresponding allowable values of SINR, may
be stored in the storage unit 120 in advance. Next, the interference control unit 134
determines whether or not an SINR contained in a measurement report from the
selected secondary terminal satisfies allowable quality (i.e., whether or not the SINR

exceeds the allowable value SINRaw?) (step S135). Here, if it is determined that
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the measured SINR does not satisfy allowable quality, the interference control unit
134 instructs a secondary base station to reduce transmission power (step S136).
Such a process is repeated for each of secondary terminals (step S137). Thereafter,
if the interference determination has been ended for all secondary terminals, the
communication control process shown in FIG. 12 is ended.

[0109]

Note that, instead of instructing a secondary base station to reduce
transmission power after the interference determination has been performed for each
secondary terminal as in the example of FIG. 12, a secondary base station may be
instructed to reduce transmission power only once after the interference
determination has been performed for all secondary terminals. In the latter case, the
interference control unit 134 may select a lowest control target value of transmission
power, and notify the secondary base station of the selected control target value.
[0110]

[4-4. Fourth interference scenario]

In a fourth interference scenario, the interference control unit 134
determines the occurrence of adverse interference using location information of the
primary base station 10 and the secondary base station 30. More specifically, the
interference control unit 134 determines that adverse interference is present, if
interference power that is calculated using the transmission power of a reference
signal of the secondary base station 30, and a path loss estimated from the above
location information, does not satisfy allowable interference power of the primary
base station 10.

[0111]

FIG. 13 is an explanatory diagram showing a relationship between a base
station and a terminal in the fourth interference scenario. In the fourth interference
scenario, an uplink channel from the primary terminal 20 to the primary base station
10 is secondarily used by the secondary base station 30. Also, a downlink signal
from the secondary base station 30 to the secondary terminal 40 acts as an interfering
signal on a desired signal received by the primary base station 10.

[0112]
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When the secondary base station 30 is a stationary device, location
information of the secondary base station 30 may be stored in the storage unit 120 in
advance, and may be obtained by the data obtaining unit 132. When the secondary
base station 30 is a mobile device, the secondary base station 30 may measure a
location of the secondary base station 30, and the data obtaining unit 132 may obtain
location information indicating the measured location. The location information
may indicate an absolute topographical location, such as a latitude, logitude, and
altitude, or the like, or a relative location (or a relative distance) from any reference
location, such as a location of a specific primary base station.

[0113]

FIG. 14 is a flowchart showing an example flow of a communication control
process that is performed by the cooperation manager 100 in the fourth interference
scenario. The communication control process described here may be repeatedly
performed at regular or variable intervals, or may be performed according to a
request from any terminal or base station.

[0114]

Referring to FIG. 14, initially, the interference control unit 134 selects a
secondary base station (step S141). Next, the interference control unit 134 obtains
the location information of a primary base station and the selected secondary base
station (step S142). Next, the interference control unit 134 uses the obtained
location information to estimate interference power in the primary base station that is
caused by downlink transmission from the selected secondary base station (step
S143). Next, the interference control unit 134 obtains the allowable value of
interference power in the primary base station (step S144). Note that the allowable
value of interference power of each primary base station may be stored in the storage
unit 120 in advance. The allowable value of interference power of a primary base
station may be a value obtained by multiplying a minimum reception sensitivity by a
certain coefficient. Next, the interference control unit 134 determines whether or
not the estimated interference power is lower than the allowable value (step S145).
Here, if the interference control unit 134 determines that the interference power is

not lower than the allowable value, the interference control unit 134 instructs the
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secondary base station to reduce transmission power (step S146). Such a process is
repeated for each secondary base station located in the primary cell (step S147).
Thereafter, if the interference determination has been ended for all secondary base
stations, the communication control process shown in FIG. 14 is ended.

[0115]

Note that when interference power estimated for a certain secondary base
station is much lower than the allowable value, the interference control unit 134 may
instruct that secondary base station to increase transmission power.

[0116]
[4-5. Fifth interference scenario]

In a fifth interference scenario, the interference control unit 134 determines
the occurrence of adverse interference according to the above second technique.
The second terminal is the primary terminal 20, and the second base station is the
secondary base station 30. Specifically, the interference control unit 134 estimates
a path loss between the primary terminal 20 and the secondary base station 30 to
which the primary terminal 20 is not connected, from an interference component of a
communication quality indicator contained in a quality report obtained from the
primary terminal 20. Also, the interference control unit 134 estimates interference
power in the secondary base station 30 that is caused by the transmission power of
the primary terminal 20, based on the estimated path loss. Thereafter, if the
estimated interference power does not satisfy allowable interference power, the
interference control unit 134 determines that adverse interference is present.

[0117]

FIG. 15 is an explanatory diagram showing a relationship between a base
station and a terminal in the fifth interference scenario. In the fifth interference
scenario, an uplink channel from the primary terminal 20 to the primary base station
10 is secondarily used by the secondary base station 30. Also, an uplink signal
from the primary terminal 20 to the primary base station 10 acts as an interfering
signal on a desired signal received by the secondary base station 30.

[0118]

The fifth interference scenario is further divided into two sub-scenarios. In
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a first sub-scenario, the secondary base station 30 secondarily uses not only an uplink
channel of the primary cell 11, but also a downlink channel of the primary cell 11.
In this case, a reference signal transmitted from the secondary base station 30 is
received as an interfering signal by the primary terminal 20, and therefore, the use of
the above second technique is advantageous. On the other hand, in a second sub-
scenario, a downlink channel of the primary cell 11 is not secondary used.
Interference determination in the second sub-scenario will be described below.
[0119]

In the first sub-scenario, the interference power lp2 ye1 Of a reference
signal from the secondary base station 30, that is observed by the primary terminal

20, is represented by the following formula.

[0120]
[Math 19]
] _ M ALLL | | .P
DL2_UEl — Bs2 UE1 "fREF2 (1 8)
ALL?2
[0121]

Here, Lgs2 ue1 in Formula (18) is an unknown path loss from the secondary
base station 30 to the primary terminal 20. If the interference power lrgr2 ye1 Of
Formula (18) is an interference component of an SINR contained in a quality report
obtained from the primary terminal 20, the unknown path loss Lgsz ugx can be
derived by substituting the interference component into Formula (18). Note that a
path loss Lyei gs2 from the primary terminal 20 to the secondary base station 30
(specifically, in the opposite direction), may be obtained by converting the path loss
Les2 ue1, taking into consideration that a frequency fp 1 of a downlink channel and a
frequency fyLa1 of an uplink channel, of the primary cell 11, are different from each
other.

[0122]
[Math 20]
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2
L _ fDLl

UE1_BS2 — 'LBs2_UE1 (19)
Jun

[0123]
Interference power lyp1 gs2 Of an uplink signal from the primary terminal 20,

that is observed in the secondary base station 30, is represented by the following

formula.
[0124]
[Math 21]
P
— i _ . 2 BASI
]ULl_Bsz — LUEI_BSZ PULI _ LUEI_BSZ L (20)
11

[0125]

In Formula (20), Pgas: represents base power on which transmission power
from the primary terminal 20 depends. The interference control unit 134 estimates,
in this manner, interference power in the secondary base station 30 that is caused by
the transmission power of the primary terminal 20. Thereafter, if the greatest value
of the interference power estimated for all primary terminals 20 does not satisfy the
allowable interference power of the secondary base station 30, the interference
control unit 134 determines that adverse interference is present. If an estimated
SINR calculated from the estimated interference power does not satisfy the allowable
quality of the secondary base station 30, the interference control unit 134 may
determine that adverse interference is present.

[0126]

FIG. 16 is a flowchart showing an example flow of a communication control
process that is performed by the cooperation manager 100 in the fifth interference
scenario. The communication control process described here may be repeatedly
performed at regular or variable intervals, or may be performed according to a

request from any terminal or base station.
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[0127]

Referring to FIG. 16, initially, the interference control unit 134 obtains an
allowable value of SINR of a secondary base station (step S150). Next, the
interference control unit 134 selects one primary terminal (step S151). Next, the
interference control unit 134 obtains a measurement report from the selected primary
terminal (step S152). Next, the interference control unit 134 estimates a path loss
between the primary terminal and the secondary base station, from an SINR
contained in the obtained measurement report (step S153). Next, the interference
control unit 134 uses the estimated path loss to estimate interference power in the
secondary base station that is caused by uplink transmission from the primary
terminal (step S154).

[0128]

Next, the interference control unit 134 selects one secondary terminal (step
S155). Next, the interference control unit 134 uses received power from the
selected secondary terminal and the interference power estimated in step S154 to
calculate an SINR in the secondary base station (step S156). Next, the interference
control unit 134 determines whether or not the SINR calculated in step S156 exceeds
the allowable value obtained in step S150 (step S157). Here, if the interference
control unit 134 determines that the calculated SINR does not exceed the allowable
value, the interference control unit 134 calculates the coverage of the secondary cell
based on the transmission power of a reference signal of the secondary base station
(step S158). Next, the interference control unit 134 determines whether or not the
selected secondary terminal is located within the coverage of the secondary cell (step
S159). Thereafter, if the interference control unit 134 determines that the selected
secondary terminal is located within the coverage of the secondary cell, the
interference control unit 134 instructs the secondary base station to reduce
transmission power (step S160).

[0129]

Such a process is repeated for each pair of a secondary terminal and a

primary terminal (steps S161 and S162). Thereafter, when the interference

determination has been ended for all pairs, the communication control process shown
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in FIG. 16 is ended.
[0130]

Note that, instead of instructing a secondary base station to reduce
transmission power after the interference determination has been performed for each
pair of a secondary terminal and a primary terminal as in the example of FIG. 16, a
secondary base station may be instructed to reduce transmission power only once
after the interference determination has been performed for all pairs.

[0131]

In the second sub-scenario, the primary base station 10 and the primary
terminal 20 operate according to the FDD scheme, and the secondary base station 30
and the secondary terminal 40 secondarily use only uplink channels of the primary
base station 10. In this case, when the primary terminal 20 performs measurement,
the secondary base station 30 does not transmit a reference signal. Therefore, it is
difficult to estimate a path loss between the primary terminal 20 and the secondary
base station 30, from an interference component of a communication quality
indicator measured by the primary terminal 20. Therefore, the interference control
unit 134 assumes a worst case where the primary terminal 20 is located at a cell edge
of the secondary cell 31. Thereafter, on this assumption, the interference control
unit 134 estimates interference power in the secondary base station 30 that is caused
by the transmission power of the primary terminal 20, and determines whether or not
the estimated interference power satisfies allowable interference power.

[0132]

FIG. 17 is an explanatory diagram for explaining one variation of the
communication control process performed in the fifth interference scenario. In the
second sub-scenario of the fifth interference scenario, it is assumed that the primary
terminal 20 is not present at an actual location PT1, but rather at a location PT2 on a
cell edge of the secondary cell 31.

[0133]

Here, there is the following relationship between a path loss Lygs gs: from

the primary terminal 20 to the primary base station 10 and a path loss Lgsi ug1 from

the primary base station 10 to the primary terminal 20.
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[0134]
[Math 22]
2
L _ fDLl .L
UE1_BS1 — BS1_UEI (21)
f UL1
[0135]

Also, there is the following relationship between a path loss Lyge1r gs2 from a
virtual primary terminal 20’ to the secondary base station 30 and a path loss Lgsz uer-
from the secondary base station 30 to the virtual the primary terminal 20'.

[0136]
[Math 23]

2
— fDLl

LUEI'_BSZ - 'LBSZ_UE]' (2 2)
fULl

[0137]
From Formula (21) and Formula (22), interference power lyi1 gs2 in the
secondary base station 30 that is caused by uplink transmission from the primary

terminal 20" can be represented by the following formula.

[0138]
[Math 24]
P
_ . _ . 2 BAS!
]ULI_BSZ - LUEI'_BSZ PUL] - LUE]’_BSZ L (2 3)
10
[0139]

Received power Py s, Of a desired signal received by the secondary base

station 30 is represented by the following formula.
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[0140]
[Math 25]

PULz_Bsz = Lyea Bs2 B, (24)

2
I _{ o | . I
UE2_BS2 2.2 (25)
Jun

[0141]

The interference control unit 134 can calculate an SINR or SIR in the
secondary base station 30 using the interference power ly.; gs2 of Formula (23) and
the received power Pyr2 gs2 Of Formula (24). Thereafter, the interference control
unit 134 may compare the calculated SINR or SIR with an allowable value to
determine whether or not adverse interference is present, and if determining that
adverse interference is present, may instruct the secondary base station 30 to reduce
transmission power.

[0142]
[4-6. Sixth interference scenario]

In a sixth interference scenario, the interference control unit 134 determines
the occurrence of adverse interference according to the above second technique.
The second terminal is the secondary terminal 40, and the second base station is the
primary base station 10. Specifically, the interference control unit 134 estimates a
path loss between the secondary terminal 40 and the primary base station 10 to which
the secondary terminal 40 is not connected, from an interference component of a
communication quality indicator contained in a quality report obtained from the
secondary terminal 40. Also, the interference control unit 134 estimates
interference power in the primary base station 10 that is caused by the transmission
power of the secondary terminal 40, based on the estimated path loss. Thereafter, if
the estimated interference power does not satisfy allowable interference power, the
interference control unit 134 determines that adverse interference is present.

[0143]
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FIG. 18 is an explanatory diagram showing a relationship between a base
station and a terminal in the sixth interference scenario. In the sixth interference
scenario, an uplink channel from the primary terminal 20 to the primary base station
10 is secondarily used by the secondary base station 30. Also, an uplink signal
from the secondary terminal 40 to the secondary base station 30 acts as an interfering
signal on a desired signal received by the primary base station 10.

[0144]

The sixth interference scenario is further divided into two sub-scenarios.
In a first sub-scenario, the secondary base station 30 secondarily uses not only an
uplink channel of the primary cell 11, but also a downlink channel of the primary cell
11. In this case, a reference signal transmitted from the primary base station 10 is
received as an interfering signal by the secondary terminal 40, and therefore, the use
of the above second technique is advantageous. On the other hand, in a second sub-
scenario, a downlink channel of the primary cell 11 is not secondary used.
Interference determination in the second sub-scenario will be described below.

[0145]

In the first sub-scenario, the transmission power Pp; of a downlink
transmitted from the primary base station 10 is represented by the following formula.
[0146]

[Math 26]

P = M 4110 iy
DLI M 'REF1 (26)
REF1
[0147]

Interference power Ip 1 ue2 Of a downlink signal from the primary base
station 10, that is observed in the secondary terminal 40, is represented by the
following formula. Note that Lgs1 ue2 represents a path loss from the primary base
station 10 to the secondary terminal 40.

[0148]
[Math 27]
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]DLI_UEz = LBSI_UEZ B (21

[0149]

An SINRRger, of a reference signal from the secondary base station 30 that is
observed in the secondary terminal 40 is represented by the following formula.
[0150]

[Math 28]

P
SINR 4y = T
N (d )"' MREF2 ]DLI_UEz

ALL?2

(2 8)

[0151]

Here, Lgs1 ue2 in Formula (27) is an unknown path loss from the primary
base station 10 to the secondary terminal 40. If the interference power Ip 1 ug2 Of
Formula (27) is an interference component of an SINR contained in a quality report
obtained from the secondary terminal 40, the unknown path loss Lgsi ug2 can be
derived by substituting the interference component into Formula (27). Note that a
path loss Lyez gs1 from the secondary terminal 40 to the primary base station 10
(specifically, in the opposite direction), may be obtained by converting the path loss
Les1_uez, taking into consideration that a frequency fp 1 of a downlink channel and a
frequency fy. 1 of an uplink channel, of the primary cell 11, are different from each
other.

[0152]
[Math 29]
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L _ fULl

UE2_BS1 — 'LBSI_UEZ (29)
S

[0153]
Interference power ly 2 gs1 Of an uplink signal from the secondary terminal

40, that is observed in the primary base station 10, is represented by the following

formula.
[0154]
[Math 30]
I =L P, =L Jore
UL2 BS1 — ~UE2 BS1 *UL2 — ~UE2_BSI1 L (30)
- 22

[0155]

In Formula (30), Pgas2 represents base power on which transmission power
from the secondary terminal 40 depends. The interference control unit 134
estimates, in this manner, interference power in the primary base station 10 that is
caused by the transmission power of the secondary terminal 40. Thereafter, if the
greatest value of the interference power estimated for all secondary terminals 40 does
not satisfy the allowable interference power of the primary base station 10, the
interference control unit 134 determines that adverse interference is present. If an
estimated SINR calculated from the estimated interference power does not satisfy the
allowable quality of the primary base station 10, the interference control unit 134
may determine that adverse interference is present.
[0156]

FIG. 19 is a flowchart showing an example flow of a communication control
process that is performed by the cooperation manager 100 in the sixth interference
scenario. The communication control process described here may be repeatedly

performed at regular or variable intervals, or may be performed according to a
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request from any terminal or base station.
[0157]

Referring to FIG. 19, initially, the interference control unit 134 obtains an
allowable value of SINR of a primary base station (step S170). Next, the
interference control unit 134 selects one secondary terminal (step S171). Next, the
interference control unit 134 obtains a measurement report from the selected
secondary terminal (step S172). Next, the interference control unit 134 estimates a
path loss between the secondary terminal and the primary base station, from an SINR
contained in the obtained measurement report (step S173). Next, the interference
control unit 134 uses the estimated path loss to estimate interference power in the
primary base station that is caused by uplink transmission from the secondary
terminal (step S174).

[0158]

Next, the interference control unit 134 selects one primary terminal (step
S175). Next, the interference control unit 134 uses received power from the
selected primary terminal and the interference power estimated in step S174 to
calculate an SINR in the primary base station (step S176). Next, the interference
control unit 134 determines whether or not the SINR calculated in step S176 exceeds
the allowable value obtained in step S170 (step S177). Here, if the interference
control unit 134 determines that the calculated SINR does not exceed the allowable
value, the interference control unit 134 calculates the coverage of the secondary cell
based on the transmission power of a reference signal of the secondary base station
(step S178). Next, the interference control unit 134 determines whether or not the
selected secondary terminal is located within the coverage of the secondary cell (step
S179). Thereafter, if the interference control unit 134 determines that the selected
secondary terminal is located within the coverage of the secondary cell, the
interference control unit 134 instructs the secondary base station to reduce
transmission power (step S180).

[0159]
Such a process is repeated for each pair of a primary terminal and a

secondary terminal (steps S181 and S182). Thereafter, when the interference
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determination has been ended for all pairs, the communication control process shown
in FIG. 19 is ended.
[0160]

Note that, instead of instructing a secondary base station to reduce
transmission power after the interference determination has been performed for each
pair of a primary terminal and a secondary terminal as in the example of FIG. 19, a
secondary base station may be instructed to reduce transmission power only once
after the interference determination has been performed for all pairs.

[0161]

In the second sub-scenario, the primary base station 10 and the primary
terminal 20 operate according to the FDD scheme, and the secondary base station 30
and the secondary terminal 40 secondarily use only uplink channels of the primary
base station 10. In this case, when the secondary terminal 40 performs
measurement, the primary base station 10 does not transmit a reference signal.
Therefore, it is difficult to estimate a path loss between the secondary terminal 40
and the primary base station 10, from on an interference component of a
communication quality indicator measured by the secondary terminal 40. Therefore,
the interference control unit 134 assumes a worst case where the secondary terminal
40 is located at a cell edge closest to the primary base station 10 in the secondary cell
31. Thereafter, on this assumption, the interference control unit 134 estimates
interference power in the primary base station 10 that is caused by the transmission
power of the secondary terminal 40, and determines whether or not the estimated
interference power satisfies allowable interference power.

[0162]

FIG. 20 is an explanatory diagram for explaining one variation of the
communication control process performed in the sixth interference scenario. In the
second sub-scenario of the sixth interference scenario, it is assumed that the
secondary terminal 40 is not present at an actual location PT3, but rather at a location
PT4 on a cell edge of the secondary cell 31.

[0163]

Interference power ly 2 sy in the primary base station 10 that is caused by



10

15

20

25

48

uplink transmission from the secondary terminal 40, is represented by the following
formula.

[0164]

[Math 31]

P

_ i _ _1BAS2
UL2 BS1 — LUE2’_BS1 PULZ — LUEZ'_BSI I (31)
22

I

[0165]

A distance between the primary base station 10 and the secondary base
station 30 is calculated from location information. Also, a distance between the
secondary base station 30 and the secondary terminal 40’ is calculated as a radius of
the secondary cell 31 from the transmission power of a reference signal from the
secondary base station 30. Therefore, by substituting the values of path losses
corresponding to these distances into Formula (31), the interference power ly.2 gs1
can be estimated. The interference control unit 134 can use the interference power
luL2 Bs1 thus estimated to calculate an SINR or SIR in the primary base station 10.
Thereafter, the interference control unit 134 may compare the calculated
SINR or SIR with an allowable value to determine whether or not adverse
interference is present, and if determining that adverse interference is present, may
instruct the secondary base station 30 to reduce transmission power.

[0166]
<5. Conclusion>

In the foregoing, embodiments of the technology according to the present
disclosure have been described with reference to FIGS. 1-20. According to the
above embodiments, in an environment where a frequency channel for a primary
base station is secondarily used by a secondary base station, it is determined whether
or not adverse interference is present, based on a communication quality indicator
contained in a quality report generated by a primary terminal or a secondary terminal.
Thereafter, if it is determined that adverse interference is present, the secondary base

station is instructed to reduce transmission power. As a result, adverse interference
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can be prevented and the secondary use of a frequency channel can be safely
performed, without the need of an arrangement for sensing a communication state.
Here, a quality report may be a measurement report or a CQI report. Therefore, the
determination of adverse interference can be assisted by slightly modifying a
reporting function possessed by an existing terminal.

[0167]

According to a certain technique, a quality report contains a received power
indicator for a reference signal. Also, a distance between a first terminal and a first
base station to which the first terminal is connected is estimated from the received
power indicator, and the occurrence of interference is determined based on
comparison between allowable quality depending on the estimated distance and the
above communication quality indicator. Therefore, adverse interference
experienced by a primary terminal or a secondary terminal, or the risk thereof, can be
accurately determined using the above quality report, irrespective of the location of
the terminal in a cell.

[0168]

According to another technique, a path loss between a second terminal and a
second base station to which the second terminal is not connected is estimated from
an interference component of a communication quality indicator. Thereafter, based
on the estimated path loss, interference power in the second base station that is
caused by the transmission power of the second terminal is estimated, and based on
the estimated interference power, the occurrence of interference is determined.
Therefore, adverse interference experienced by a primary base station or a secondary
base station, or the risk thereof, can be determined using the above quality report.
[0169]

Further, a series of control processes by the respective devices described in
the present description may be implemented using any one of software, hardware,
and a combination of hardware and software. For example, a program configuring
software is stored in a storage medium (a non-transitory medium) installed inside or
outside each device. Further, for example, each program is read onto a Random

Access Memory (RAM) at the time of execution and executed by a processor such as
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a Central Processing Unit (CPU). The technology according to the present
disclosure may be implemented as a one-chip module in which a processor that
executes such a program, a memory that stores the program, and related circuits are
integrated together.

[0170]

Further, the processes described using the flowcharts in the present
description may not necessarily be executed in the order indicated by the flowchart.
Some process steps may be executed in parallel. Further, additional process steps
may be employed, and some process steps may be omitted.

[0171]

The preferred embodiment(s) of the present disclosure has/have been
described above with reference to the accompanying drawings, whilst the present
disclosure is not limited to the above examples, of course. A person skilled in the
art may find various alterations and modifications within the scope of the appended
claims, and it should be understood that they will naturally come under the technical
scope of the present disclosure.

[0172]

Additionally, the present technology may also be configured as below.
1)

A communication control device including:

an obtaining unit configured to, in a radio communication system including
a primary base station to which a primary terminal is connected, and a secondary
base station to which a secondary terminal is connected by secondarily using a
frequency channel for the primary base station, obtain at least one of a quality report
containing a communication quality indicator measured by the primary terminal and
a quality report containing a communication quality indicator measured by the
secondary terminal; and

an interference control unit configured to instruct the secondary base station
to reduce transmission power, when it is determined that adverse interference is
present in the radio communication system, based on the communication quality

indicator contained in the quality report obtained by the obtaining unit.



10

15

20

25

30

51

)

The communication control device according to (1),

wherein the quality report is a measurement report or a channel quality
indicator (CQI) report.
©)

The communication control device according to (1) or (2),

wherein the quality report contains a received power indicator for a
reference signal,

wherein the interference control unit estimates a distance between a first
terminal and a first base station to which the first terminal is connected, from the
received power indicator, and determines that the adverse interference is present, if
the communication quality indicator does not satisfy allowable quality depending on
the estimated distance.
(4)

The communication control device according to (1) or (2),

wherein the interference control unit estimates a path loss between a second
terminal and a second base station to which the second terminal is not connected,
from an interference component of the communication quality indicator, estimates
interference power in the second base station caused by transmission power of the
second terminal, based on the estimated path loss, and determines that the adverse
interference is present, if the estimated interference power does not satisfy allowable

interference power.

()
The communication control device according to (3),
wherein the first terminal is the primary terminal, and
wherein the first base station is the primary base station.
(6)

The communication control device according to (5),
wherein the interference control unit assumes that an interference
component of the communication quality indicator contained in the quality report of

the primary terminal is caused by the transmission power of the secondary base
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station, and calculates a control target value of the transmission power of the
secondary base station.
(7)

The communication control device according to (6),

wherein the secondary terminal and the secondary base station operate
according to a time division duplex scheme, and

wherein the interference control unit changes the control target value,
depending on a ratio of uplink slots and downlink slots of the secondary base station.
(8)

The communication control device according to (6) or (7),

wherein, when the adverse interference is caused by an uplink signal
transmitted to the secondary base station, the interference control unit hands over one
or more secondary terminals from the secondary base station to the primary base

station to reduce the adverse interference.

(9)
The communication control device according to (3),
wherein the first terminal is the secondary terminal, and
wherein the first base station is the secondary base station.
(10)

The communication control device according to any one of (1) to (9),

wherein the obtaining unit further obtains location information of the
primary base station and the secondary base station, and

wherein, when interference power calculated using transmission power of a
reference signal of the secondary base station and a path loss estimated from the
location information does not satisfy allowable interference power of the primary
base station, the interference control unit determines that the adverse interference is
present.
(11)

The communication control device according to (4),

wherein the second terminal is the primary terminal, and

wherein the second base station is the secondary base station.
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(12)

The communication control device according to any one of (1) to (10),

wherein the primary terminal and the primary base station operate according
to a frequency division duplex scheme,

wherein the secondary terminal and the secondary base station secondarily
use an uplink channel of the primary base station, and

wherein, when interference power in the secondary base station caused by
transmission power of the primary terminal does not satisfy allowable interference
power on an assumption that the primary terminal is located at a cell edge of the
secondary base station, the interference control unit determines that the adverse

interference is present.

(13)
The communication control device according to (4),
wherein the second terminal is the secondary terminal, and
wherein the second base station is the primary base station.
(14)

The communication control device according to any one of (1) to (12),

wherein the primary terminal and the primary base station operate according
to a frequency division duplex scheme,

wherein the secondary terminal and the secondary base station secondarily
use an uplink channel of the primary base station, and

wherein, when interference power in the primary base station caused by
transmission power of the secondary terminal does not satisfy allowable interference
power on an assumption that the secondary terminal is located at a cell edge of the
secondary base station, the interference control unit determines that the adverse
interference is present.
(15)

The communication control device according to any one of (1) to (14),

wherein maximum transmission power of the secondary terminal is set to be
greater as transmission power of a reference signal of the secondary base station

increases.
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(16)

The communication control device according to any one of (1) to (15),

wherein the primary terminal and the primary base station operate according
to a frequency division duplex scheme, and

wherein the secondary terminal and the secondary base station operate
according to a time division duplex scheme, using an aggregated channel formed by
aggregating one or more component carriers on an uplink channel of the primary
base station and one or more component carriers on a downlink channel of the
primary base station.
(17)

The communication control device according to (16),

wherein the quality report of the secondary terminal contains the
communication quality indicator of each component carrier of the aggregated
channel, and

wherein the secondary base station uses the communication quality indicator
of each component carrier to select a component carrier for transmitting resource
allocation information to the secondary terminal.
(18)

A communication control method executed by a communication control
device in a radio communication system including a primary base station to which a
primary terminal is connected, and a secondary base station to which a secondary
terminal is connected by secondarily using a frequency channel for the primary base
station, the communication control method including:

obtaining at least one of a quality report containing a communication quality
indicator measured by the primary terminal and a quality report containing a
communication quality indicator measured by the secondary terminal;

determining whether or not adverse interference is present in the radio
communication system, based on the communication quality indicator contained in
the obtained quality report; and

instructing the secondary base station to reduce transmission power, if

determining that the adverse interference is present.
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(19)

Aradio communication system inclduing:

a primary base station to which a primary terminal is connected;

a secondary base station to which a secondary terminal is connected by
secondarily using a frequency channel for the primary base station; and

a cooperation manager configured to instruct the secondary base station to
reduce transmission power, if it is determined that adverse interference is present in
the system, based on a communication quality indicator contained in at least one of a
quality report containing the communication quality indicator measured by the
primary terminal and a quality report containing the communication quality indicator
measured by the secondary terminal.

(20)

A terminal device operable in a radio communication system including a
primary base station to which a primary terminal is connected, and a secondary base
station to which a secondary terminal is connected by secondarily using a frequency
channel for the primary base station, the terminal device including:

a control unit configured to generate a quality report containing a
communication quality indicator used by a control node configured to determine
whether or not adverse interference is present in the radio communication system, the
communication quality indicator being used for the determination; and

a radio communication unit configured to transmit the quality report

generated by the control unit to a base station to which the terminal device is

connected.
Reference Signs List
[0173]
1 radio communication system
10 primary base station

20,90 primary terminal
30 secondary base station

40,90 secondary terminal
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95
100
132
134
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radio communication unit

control unit

cooperation manager (communication control device)
data obtaining unit

interference control unit
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CLAIMS

Claim 1

A communication control device comprising:

an obtaining unit configured to, in a radio communication system including
a primary base station to which a primary terminal is connected, and a secondary
base station to which a secondary terminal is connected by secondarily using a
frequency channel for the primary base station, obtain at least one of a quality report
containing a communication quality indicator measured by the primary terminal and
a quality report containing a communication quality indicator measured by the
secondary terminal; and

an interference control unit configured to instruct the secondary base station
to reduce transmission power, when it is determined that adverse interference is
present in the radio communication system, based on the communication quality

indicator contained in the quality report obtained by the obtaining unit.

Claim 2

The communication control device according to claim 1,

wherein the quality report is a measurement report or a channel quality
indicator (CQI) report.

Claim 3

The communication control device according to claim 1,

wherein the quality report contains a received power indicator for a
reference signal,

wherein the interference control unit estimates a distance between a first
terminal and a first base station to which the first terminal is connected, from the
received power indicator, and determines that the adverse interference is present, if
the communication quality indicator does not satisfy allowable quality depending on

the estimated distance.

Claim 4
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The communication control device according to claim 1,

wherein the interference control unit estimates a path loss between a second
terminal and a second base station to which the second terminal is not connected,
from an interference component of the communication quality indicator, estimates
interference power in the second base station caused by transmission power of the
second terminal, based on the estimated path loss, and determines that the adverse
interference is present, if the estimated interference power does not satisfy allowable

interference power.

Claim 5
The communication control device according to claim 3,
wherein the first terminal is the primary terminal, and

wherein the first base station is the primary base station.

Claim 6

The communication control device according to claim 5,

wherein the interference control unit assumes that an interference
component of the communication quality indicator contained in the quality report of
the primary terminal is caused by the transmission power of the secondary base
station, and calculates a control target value of the transmission power of the

secondary base station.

Claim 7

The communication control device according to claim 6,

wherein the secondary terminal and the secondary base station operate
according to a time division duplex scheme, and

wherein the interference control unit changes the control target value,

depending on a ratio of uplink slots and downlink slots of the secondary base station.

Claim 8

The communication control device according to claim 6,
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wherein, when the adverse interference is caused by an uplink signal
transmitted to the secondary base station, the interference control unit hands over one
or more secondary terminals from the secondary base station to the primary base

station to reduce the adverse interference.

Claim 9
The communication control device according to claim 3,
wherein the first terminal is the secondary terminal, and

wherein the first base station is the secondary base station.

Claim 10

The communication control device according to claim 1,

wherein the obtaining unit further obtains location information of the
primary base station and the secondary base station, and

wherein, when interference power calculated using transmission power of a
reference signal of the secondary base station and a path loss estimated from the
location information does not satisfy allowable interference power of the primary
base station, the interference control unit determines that the adverse interference is

present.

Claim 11
The communication control device according to claim 4,
wherein the second terminal is the primary terminal, and

wherein the second base station is the secondary base station.

Claim 12

The communication control device according to claim 1,

wherein the primary terminal and the primary base station operate according
to a frequency division duplex scheme,

wherein the secondary terminal and the secondary base station secondarily

use an uplink channel of the primary base station, and
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wherein, when interference power in the secondary base station caused by
transmission power of the primary terminal does not satisfy allowable interference
power on an assumption that the primary terminal is located at a cell edge of the
secondary base station, the interference control unit determines that the adverse

interference is present.

Claim 13
The communication control device according to claim 4,
wherein the second terminal is the secondary terminal, and

wherein the second base station is the primary base station.

Claim 14

The communication control device according to claim 1,

wherein the primary terminal and the primary base station operate according
to a frequency division duplex scheme,

wherein the secondary terminal and the secondary base station secondarily
use an uplink channel of the primary base station, and

wherein, when interference power in the primary base station caused by
transmission power of the secondary terminal does not satisfy allowable interference
power on an assumption that the secondary terminal is located at a cell edge of the
secondary base station, the interference control unit determines that the adverse

interference is present.

Claim 15

The communication control device according to claim 1,

wherein maximum transmission power of the secondary terminal is set to be
greater as transmission power of a reference signal of the secondary base station

increases.

Claim 16

The communication control device according to claim 1,
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wherein the primary terminal and the primary base station operate according
to a frequency division duplex scheme, and

wherein the secondary terminal and the secondary base station operate
according to a time division duplex scheme, using an aggregated channel formed by
aggregating one or more component carriers on an uplink channel of the primary
base station and one or more component carriers on a downlink channel of the

primary base station.

Claim 17

The communication control device according to claim 16,

wherein the quality report of the secondary terminal contains the
communication quality indicator of each component carrier of the aggregated
channel, and

wherein the secondary base station uses the communication quality indicator
of each component carrier to select a component carrier for transmitting resource

allocation information to the secondary terminal.

Claim 18

A communication control method executed by a communication control
device in a radio communication system including a primary base station to which a
primary terminal is connected, and a secondary base station to which a secondary
terminal is connected by secondarily using a frequency channel for the primary base
station, the communication control method comprising:

obtaining at least one of a quality report containing a communication quality
indicator measured by the primary terminal and a quality report containing a
communication quality indicator measured by the secondary terminal;

determining whether or not adverse interference is present in the radio
communication system, based on the communication quality indicator contained in
the obtained quality report; and

instructing the secondary base station to reduce transmission power, if

determining that the adverse interference is present.



10

15

20

25

62

Claim 19

A radio communication system comprising:

a primary base station to which a primary terminal is connected;

a secondary base station to which a secondary terminal is connected by
secondarily using a frequency channel for the primary base station; and

a cooperation manager configured to instruct the secondary base station to
reduce transmission power, if it is determined that adverse interference is present in
the system, based on a communication quality indicator contained in at least one of a
quality report containing the communication quality indicator measured by the
primary terminal and a quality report containing the communication quality indicator

measured by the secondary terminal.

Claim 20

A terminal device operable in a radio communication system including a
primary base station to which a primary terminal is connected, and a secondary base
station to which a secondary terminal is connected by secondarily using a frequency
channel for the primary base station, the terminal device comprising:

a control unit configured to generate a quality report containing a
communication quality indicator used by a control node configured to determine
whether or not adverse interference is present in the radio communication system, the
communication quality indicator being used for the determination; and

a radio communication unit configured to transmit the quality report
generated by the control unit to a base station to which the terminal device is

connected.
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