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A first wireless device that performs wireless communica-
tion with a wireless base station transmits identification
information of the first wireless device using a radio
resource allocated for device-to-device communication that
is performed between the second wireless devices without
going through the wireless base station.
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FIG. 10
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FIG. 11
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WIRELESS COMMUNICATION SYSTEM,
WIRELESS COMMUNICATION METHOD,
WIRELESS DEVICE, AND WIRELESS BASE
STATION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
International Application PCT/JP2014/066341, filed on Jun.
19, 2014 and designated the U.S., the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The embodiments discussed herein are related to a
wireless communication system, a wireless communication
method, a wireless device, and a wireless base station.

BACKGROUND

[0003] In the standardization of the Long Term Evolution
(LTE) or the LTE-Advanced of the 3rd Generation Partner-
ship Project (3GPP), a device to device (D2D) communi-
cation is under discussion.

[0004] The D2D communication is an example of a tech-
nique in which wireless communication is directly per-
formed between wireless devices such as mobile stations
without going through a wireless base station. The D2D
communication has been discussed as an example of alter-
native or auxiliary public safety communication in a sce-
nario in which it is unable to use wireless communication
(also referred to as “cellular communication”) going through
a wireless base station, for example, due to a large-scale
disaster.

LIST OF RELATED ART DOCUMENTS

[0005] Non-Patent Document 1: RP-122009, “Study on
LTE Device to Device Proximity Services,” Qualcomm,
December 2012.

[0006] Non-Patent Document 2: TR36.843 V0.3.1, “Study
on LTE Device to Device Proximity Services—Radio
Aspects,” November 2013.

[0007] However, in the discussion related to the D2D
communication, influence of interference between the cel-
Iular communication and the D2D communication has not
sufficiently reviewed. For this reason, there are cases in
which performance, characteristics, efficiency, and the like
of the wireless communication system (also referred to
collectively as “wireless communication performance”) are
lowered.

SUMMARY

[0008] In one aspect, in a wireless communication system
(or a wireless communication method), a first wireless
device that performs wireless communication with a wire-
less base station transmits identification information of the
first wireless device using a radio resource allocated for
device-to-device communication that is performed between
the second wireless devices without going through the
wireless base station.

[0009] Further, in one aspect, a wireless device includes a
transmitter configured to transmit identification information
of the wireless device using a radio resource allocated for
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device-to-device communication that is performed between
other wireless devices without going through the wireless
base station.

[0010] Further, in one aspect, a wireless device is a second
wireless device that performs device-to-device communica-
tion with a first wireless device without going through a
wireless base station and includes a receiver configured to
receive identification information of a third wireless device
that is transmitted by the third wireless device that performs
wireless communication with the wireless base station using
a radio resource allocated for the device-to-device commu-
nication.

[0011] Further, in one aspect, a wireless base station
includes a receiver configured to receive the identification
information of the third wireless device transmitted from the
second wireless device and a controller configured to control
a radio resource to be used to perform wireless communi-
cation with the wireless base station by the third wireless
device identified by the identification information received
by the receiver to a radio resource not overlapping with the
radio resource allocated for the device-to-device communi-
cation.

[0012] The object and advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims.

[0013] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are not restrictive of the
invention.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 is a diagram illustrating an exemplary
configuration of a wireless communication system accord-
ing to a first embodiment.

[0015] FIG. 2A is a diagram schematically illustrating an
example in which different frequency resources are used in
D2D communication and cellular communication.

[0016] FIG. 2B is a diagram schematically illustrating an
example in which the same frequency resources are used in
D2D communication and cellular communication.

[0017] FIG. 3 is a diagram illustrating an example of a
process of generating a transmission signal of a PDCCH in
a wireless base station illustrated in FIG. 1.

[0018] FIG. 4 is a diagram illustrating a transmission
timing of a PUSCH in a mobile station illustrated in FIG. 1.
[0019] FIG. 5 is a diagram schematically illustrating an
example in which a mobile station that performs cellular
communication in the wireless communication system illus-
trated in FIG. 1 transmits a discovery signal (DS).

[0020] FIG. 6 is a block diagram illustrating an exemplary
configuration of the wireless base station illustrated in FIGS.
1 and 5.

[0021] FIG. 7 is a block diagram illustrating an exemplary
configuration of the mobile station illustrated in FIGS. 1 and
5 that performs D2D communication.

[0022] FIG. 8 is a block diagram illustrating an exemplary
configuration of the mobile station illustrated in FIGS. 1 and
5 that performs cellular communication.

[0023] FIG. 9 is a sequence diagram illustrating an opera-
tion of the wireless communication system illustrated in
FIGS. 1 and 5 (a first interference prevention method).
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[0024] FIG. 10 is a sequence diagram illustrating an
operation of a wireless communication system according to
a second embodiment (a second interference prevention
method).

[0025] FIG. 11 is a flowchart illustrating an operation of a
wireless communication system according to a third
embodiment (a third interference prevention method).
[0026] FIG. 12 is a flowchart illustrating an operation of a
wireless communication system according to a fourth
embodiment (a fourth interference prevention method).

DESCRIPTION OF EMBODIMENTS

[0027] Hereinafter, an exemplary embodiment of the pres-
ent invention will be described with reference to the
appended drawings. The following embodiment is merely an
example and not intended to exclude the application of
various modifications or techniques that are not explicitly
described below. Further, various exemplary forms to be
described below may be appropriately combined and carried
out. In the drawings used in the following embodiment, the
same reference numerals denote the same or similar parts
unless otherwise set forth herein.

First Embodiment

[0028] FIG. 1 is a diagram illustrating an exemplary
configuration of a wireless communication system accord-
ing to a first embodiment. A wireless communication system
1 illustrated in FIG. 1 includes, for example, one or more
wireless base stations 10 and a plurality of mobile stations
20-1 to 20-N (#1 to #N) (N is an integer of 2 or larger). Here,
FIG. 1 illustrates an example in which N=4, that is, four
mobile stations 20-1 to 20-4 are arranged. When it is
unnecessary to distinguish the mobile stations 20-1 to 20-N,
they are also referred to simply as a “mobile station 20.”
[0029] The wireless base station 10 forms a wireless area
100. The mobile station 20 located within the wireless area
100 can perform wireless communication with the wireless
base station 10. The wireless base station 100 may form a
plurality of wireless areas 100. The wireless area 100 is set
according to an arrival range of a radio wave transmitted
from the wireless base station 10. A maximum arrival range
of the radio wave may be considered as being set according
to maximum transmission power of the wireless base station
10.

[0030] The “wireless area” is also referred to as a “cell,”
a “coverage area,” or a “communication area.” The “cell”
may be divided into “sector cells.” The “cell” may include
a macro cell or a small cell. The small cell is an example of
a cell having a smaller radio wave arrival range (coverage)
than the macro cell. A name of the small cell may differ
according to the coverage area. For example, the small cell
is also called a “femto cell,” a “pico cell,” a “micro cell,” a
“nano cell,” a “metro cell,” a “home cell,” or the like.
[0031] The wireless base station 10 is also referred to as a
“base station (BS),” a “node B (NB),” or an “evolved NB
(eNB).”

[0032] The mobile station 20 is an example of a wireless
device capable of performing wireless communication with
the wireless base station 10 when located within the cell 100.
The mobile station 20 may be also called a wireless appa-
ratus, a mobile terminal, a terminal device, or a user equip-
ment (UE). An example of the mobile station 20 is a mobile
phone or a smart phone. However, the mobile station 20 may
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be a wireless device fixed to a mobile object such as a
vehicle, an aircraft, or a ship. For example, the wireless
device may include a sensor device or a meter (a measure-
ment device) with a wireless communication function that
forms a sensor network.

[0033] The wireless communication between the mobile
station 20 and the wireless base station 10 is also referred to
as “cellular communication.” For example, a wireless com-
munication scheme conforming to the LTE or the LTE-
Advanced of the 3GPP may be applied as a wireless com-
munication scheme of the -cellular communication.
Alternatively, a wireless communication scheme conform-
ing to a scheme such as “Worldwide Interoperability for
Microwave Access, (WiMAX)” (a registered trademark)
may be applied to the wireless communication between the
mobile station 20 and the wireless base station 10.

[0034] The wireless base station 10 may be connected to
a core network which is not illustrated in FIG. 1 to be able
to perform communication. The core network may include a
serving gateway (SGW), a packet data network gateway
(PGW), a mobility management entity (MME), and the like.
A communication network including the core network is
also referred to as an “access network.” The access network
is also referred to as an “Evolved Universal Terrestrial Radio
Access Network (E-UTRAN).”

[0035] The wireless base station 10 may be connected
with the core network, for example, via a wired interface.
The wired interface is also referred to as an “S1 interface.”
However, the wireless base station 10 may be connected
with the core network via a wireless interface to be able to
perform communication.

[0036] The wireless base station 10 may be connected
with another wireless base station 10 which is not illustrated
in FIG. 1, for example, a wired interface to be able to
perform communication. The wired interface is also referred
to as an “X2 interface.” However, the wireless base station
10 may be connected with another wireless base station via
a wireless interface.

[0037] The wireless base station 10 allocates radio
resources to the cellular communication with the mobile
station 20 located within the cell 100 formed by its own
station 10. The allocation of the radio resources is also
referred to as “scheduling.” The mobile station 20 performs
the cellular communication with the wireless base station 10
using the radio resources allocated from the wireless base
station 10.

[0038] The radio resources may be identified by, for
example, a time and a frequency. For example, the radio
resources may be identified in units of divisional resources
obtained by dividing the radio resources available to the
wireless communication system 1 according to a time and
frequency. The divisional resources are also referred to as a
“resource block (RB)” or also referred to as a “resource
element (RE).”

[0039] The RE may be a minimum unit for the radio
resource allocation and may be defined as, for example, a
symbol of a subcarrier. A RE group (REG) may be formed
by a plurality of REs. A RB may be formed by a plurality of
REs. For example, a RB may be formed by 12 subcarriers in
a frequency domain x7 or 6 symbols in a time domain. The
allocation (scheduling) of the radio resources may be per-
formed in units of RBs.

[0040] The mobile station 20 can perform communication
directly with another mobile station 20 without going
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through the wireless base station 10. This communication is
also referred to as “device to device (D2D)” communication,
“communication between wireless devices,” or “direct com-
munication between wireless devices.” FIG. 1 schematically
illustrates an example in which, for example, a part of a UE
20-1 and a UE 20-2 perform the D2D communication.
[0041] The D2D communication is useful in a scenario
even in which the infrastructure of the cellular communica-
tion is operated. For example, the UE 20 can perform
communication directly with a neighboring UE 20 without
going through the wireless base station 10 at a remote site,
and thus power consumption of the UE 20 can be reduced.
Further, since traffic of the cellular communication is
offloaded to the D2D communication, a load of the core
network side can be reduced.

[0042] The radio resources used for the D2D communi-
cation may be also allocated by the wireless base station 10.
The UE 20 performs the D2D communication with another
UE 20 using the radio resources allocated from the wireless
base station 10. The UE 20 that performs the D2D commu-
nication is also referred to as a “DUE” for the sake of
convenience. On the other hand, the UE 20 that performs the
cellular communication with the wireless base station 10 is
also referred to as a “CUE” for the sake of convenience. The
UE 20 may support both the cellular communication and the
D2D communication.

[0043] The allocation of the radio resources (for example,
the frequency resources) used for the D2D communication
and the cellular communication has tradeoff relation
between a frequency use efficiency and interference. For
example, when the frequency resources used for the D2D
communication are different from the frequency resources
used for the cellular communication as schematically illus-
trated in FIG. 2A, no interference occurs between the D2D
communication and the cellular communication. However,
since there is a limitation to available frequency resources,
a system capacity of the wireless communication system 1
is likely to be reduced.

[0044] On the other hand, for example, when the same
frequency resources are shared by the D2D communication
and the cellular communication as schematically illustrated
in FIG. 2B, available frequency resources are increased to be
larger than in FIG. 2A. However, when the same frequency
resources are allocated to the D2D communication and the
cellular communication, interference is likely to occur
between radio waves.

[0045] For example, a signal of the D2D communication
may be transmitted using a frequency band allocated to
uplink (UL) communication in cellular communication of
Frequency Division Duplex (FDD). Thus, the D2D commu-
nication may interfere with the UL cellular communication.
[0046] For example, in FIG. 1, the same frequency
resources are assumed to be allocated to the D2D commu-
nication between the DUE 20-1 and the DUE 20-2 and the
UL cellular communication between the CUEs 20-3 and
20-4 and the wireless base station 10.

[0047] In this case, when the D2D communication and the
cellular communication are performed with a small distance,
the D2D communication and the cellular communication are
likely to interfere with each other. For example, UL trans-
mission (a transmission radio wave) from the CUE 20-3 to
the wireless base station 10 is likely to interfere with a
transmission radio wave from the DUE 20-1 to the DUE
20-2.
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[0048] The transmission radio wave from the DUE 20-1 to
the DUE 20-2 is likely to interfere with UL transmission (a
transmission radio wave) from the CUE 20-3 to the wireless
base station 10.

[0049] Further, since the CUE 20-4 that performs the
cellular communication is located near a cell edge, when
control of increasing the transmission power in the cellular
communication is performed, the cellular communication
serves as a large interference source on the D2D commu-
nication.

[0050] When the interference occurs, the wireless com-
munication performance is consequently likely to be
reduced, for example, the system capacity of the wireless
communication system 1 is reduced.

[0051] In this regard, in the present embodiment, even
when the same radio resources (for example, frequency
band) are shared by the D2D communication and the cellular
communication, it is possible to prevent the interference
between the D2D communication and the cellular commu-
nication, and thus the system capacity is increased.

[0052] (First Interference Prevention Method)

[0053] For example, the DUE 20 that performs the D2D
communication tries to detect the radio resources allocated
from the wireless base station 10 to the CUE 20 that
performs the cellular communication. When the radio
resources are successfully detected, the DUE 20 does not
perform (also referred to “inhibits™) the D2D communica-
tion using the radio resources allocated to the CUE 20. The
DUE 20 may perform the D2D communication using the
radio resources different from the radio resources allocated
to the CUE 20.

[0054] The detection of the radio resources allocated from
the wireless base station 10 to the CUE 20 may be carried
out, for example, by detecting (decoding) uplink (UL)
transmission permission information in the cellular commu-
nication which is transmitted from the wireless base station
10 to the CUE 20. UL transmission permission information
is also referred to as a “UL grant.”

[0055] The UL grant is transmitted from the wireless base
station 10 to the CUE 20, for example, through a downlink
control channel (Physical Downlink Control Channel (PD-
CCH)). Control information indicating the “UL grant” may
include, for example, information of the frequency resources
to be used for transmission by the CUE 20 using an uplink
shared channel (Physical Uplink Shared Channel, PUSCH)
as downlink control information (DCI). In other words, the
“UL grant” may include allocation information of UL radio
resources for the CUE 20. A format of the control informa-
tion indicating the “UL grant” is also referred to as “DCI
format0” or “DCI format4.”

[0056] FIG. 3 illustrates an example of a process of
generating a transmission signal of the PDCCH in the
wireless base station 10. The wireless base station 10
performs error detection coding on the DCI and adds a
Cyclic Redundancy Check (CRC) code (bit) to the DCI as
illustrated in (1) to (2) of FIG. 3.

[0057] The CRC bit added to the DCI undergoes a mask
process based on a bit expression of an identifier of the CUE
20 which is the destination of the PDCCH as illustrated in
(2) to (3) of FIG. 3. The identifier of the CUE 20 may be, for
example, a Cell-Radio Network Temporary Identifier
(C-RNTD).

[0058] The C-RNTI is not a permanent identifier but an
example of a temporary identifier allocated, for example,
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each time the CUE 20 transmits an access request to the
wireless base station 10. For example, the C-RNTI may be
allocated from the wireless base station 10 to the CUE 20
through a random access process when the CUE 20 performs
random access to the wireless base station 10.

[0059] The DCI to which the CRC bit undergoing the
mask process based on the C-RNTI is added undergoes error
correction code and data modulation, and the transmission
signal of the PDCCH is generated accordingly as illustrated
(3) to (4) of FIG. 3.

[0060] The generated transmission signal of the PDCCH
undergoes a concatenation with the transmission signal of
the PDCCH addressed to another CUE 20, is interleaved,
then mapped to the radio resources (REG) identified by the
time and the frequency, and transmitted as illustrated (4) to
(5) of FIG. 3.

[0061] When there is no notification indicating the radio
resources for receiving the signal of the PDCCH from the
wireless base station 10 from the wireless base station 10,
the CUE 20 tries to decode the reception signal in a known
search range (also referred to as “search space™).

[0062] The CUE 20 removes the mask of the CRC bit
using its own C-RNTT for the decoded result, and performs
error detection. The decoded result having no error indicates
the “UL grant.” When the “UL grant” is successfully
decoded, the CUE 20 transmits a signal of the PUSCH using
the frequency resources indicated by the DCI after a certain
period of time (for example, 4 ms) elapses after the “UL
grant” is received, for example, as illustrated in FIG. 4.

[0063] As described above, the decoding process of the
CUE 20 of the “UL grant” transmitted through the PDCCH
includes a process of removing the mask of the CRC bit
using the C-RNTT of the CUE 20. Thus, when the DUE 20
can acquire the C-RNTI of another CUE 20 that performs
the cellular communication, the DUE 20 can decode the “UL
grant” addressed to the CUE 20 by trying to decode the
signal of the PDCCH addressed to the CUE 20 using the
C-RNTIL

[0064] When the “UL grant” addressed to the CUE 20 is
successfully decoded, the DUE 20 can detect the frequency
resources allocated to the CUE 20. Thus, since the DUE 20
does not perform the D2D communication using the fre-
quency resources allocated to the CUE 20, the interference
between the D2D communication and the cellular commu-
nication can be prevented. The try to decode the signal (the
UL grant) of the PDCCH transmitted to another CUE 20
through the DUE 20 is also referred to as “sniffering.”

[0065] In order to make “sniffering” by the DUE 20
possible, for example, the CUE 20 that performs the cellular
communication transmits the C-RNTT of the CUE 20 using
the frequency resources (also referred to as “carriers”) for
the D2D communication allocated from the wireless base
station 10.

[0066] The C-RNTI may be included in a search signal for
searching for the DUE 20 that performs the D2D commu-
nication as schematically illustrated in FIG. 5. The search
signal is also referred to as a “discovery signal (DS).”

[0067] The DS is an example of a signal transmitted to
search (discover) a neighboring DUE 20 and may be gen-
erated, for example, based on an identifier (a cell-specific
1D) common to the CUEs 20 and transmitted through radio
resources common to the CUEs 20.
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[0068] The DS may be a signal in which a “sequence” and
a “message” are transmitted in a time division manner as
illustrated in FIG. 5.

[0069] The “sequence” is an example of a signal used for
establishing a wireless link of the D2D communication and
may be, for example, a correlation detection signal with a
signal known between the DUEs 20. For example, a format
such as a Physical Random Access Channel (PRACH) and
a Sounding Reference Signal (SRS) may be used as a format
of the “sequence.”

[0070] The “message” is an example of a signal for
transmitting control information and may be considered as
being an example of information attached to the “sequence.”
For example, a format of the PUSCH may be used as a
format of the “message.” For example, control information
transmitted using the “message” may be an information
amount of about 100 bits. The “sequence” and the “mes-
sage” may be transmitted through different physical chan-
nels.

[0071] A transmission frequency (or a transmission cycle)
of the DS may be set to a frequency (or a cycle) at which a
change in a position of the CUE 20 can be dealt with. The
CUE 20 that transmits the DS may be all the CUEs 20
located within the cell 100 or may be limited to some CUEs
20. For example, the DS may be transmitted from only the
CUEs 20 located at a position (for example, near the cell
edge) distant from the wireless base station 100.

[0072] Since the CUE 20 located near the cell edge may
function as a large interference source on surrounding D2D
communication by control of increasing the transmission
power of the cellular communication as described above, an
interference prevent effect is expected by transmitting the
DS to only the CUEs 20 located near the cell edge.

[0073] Meanwhile, the DUE 20 receives and detects the
DS transmitted from the CUE 20. When the DUE 20 is able
to receive and detect the DS, it indicates that the CUE 20 that
transmits the DS may function as the interference source on
the D2D communication of the DUE 20 that receives the
DS. In other words, the DUE 20 can receive and detect only
the DS transmitted from the CUE 20 that may function as the
interference source on its own D2D communication.

[0074] Upon receiving the DS, the DUE 20 acquires the
C-RNTI included in the “message” of the received DS.
Thereafter, the DUE 20 can try to decode the “UL grant”
transmitted from the CUE 20 through the PDCCH using the
acquired C-RNTI.

[0075] The DUE 20 that has successfully decoded the “UL
grant” does not perform the D2D communication using the
frequency resources used for UL transmission by the desti-
nation CUE 20 of the “UL grant” through the PUSCH based
on the allocation information of the UL frequency resources
indicated in the “UL grant.” In the data transmission (com-
munication) of the D2D communication, a PUSCH-based
signal may be transmitted and received.

[0076] Next, exemplary configurations of the wireless
base station 10, the DUE 20, and the CUE 20 for imple-
menting the first interference prevention method will be
described with reference to FIGS. 6 to 8. FIG. 6 is a block
diagram illustrating an exemplary configuration of the wire-
less base station 10, FIG. 7 is a block diagram illustrating an
exemplary configuration of the DUE 20, and FIG. 8 is a
block diagram illustrating an exemplary configuration of the
CUE 20. Hereinafter, the DUE 20 is also referred to as a
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“DUE 20D for the sake of convenience, and the CUE 20 is
also referred to as a “CUE 20C” for the sake of convenience.

[0077] (Exemplary Configuration of Wireless Base Station
10)
[0078] The wireless base station 10 includes, for example,

a scheduler 111, a PDSCH generator 112A, a PDCCH (UL
grant) generator 112B, a physical channel multiplexer 113,
a transmission radio frequency (RF) unit 114, and a trans-
mission antenna 115 as illustrated in FIG. 6.

[0079] The scheduler 111 may be considered as being an
example of a controller that controls an operation of the
wireless base station 10 in general or an example of a
functional unit included in the controller. The PDSCH
generator 112A, the UL grant generator 112B, the physical
channel multiplexer 113, the transmission RF unit 114, and
the transmission antenna 115 may be considered as being an
example of a DL transmission system (a transmitter or a
transmitting device) of the wireless base station 10.

[0080] The wireless base station 10 includes a reception
antenna 121, a reception RF unit 122, and a PUSCH
demodulator 123 as an example of a UL reception system (a
receiver or a reception device) as illustrated in FIG. 6.
[0081] The scheduler 111 supports, for example, genera-
tion of allocation information of the radio resources for the
D2D communication and allocation information of the radio
resources for the PUSCH. The “allocation information of the
radio resources” is also referred to simply as “resource
allocation information.”

[0082] To this end, the scheduler 111 includes, for
example, a D2D scheduler 111A and a PUSCH scheduler
111B.

[0083] The D2D scheduler 111A internally sets, for
example, the radio resources that are allowed to be used for
the D2D communication. Upon receiving an allocation
request for the radio resources for the D2D communication
from any one UE 20, the D2D scheduler 111A generates the
allocation information of the radio resources for the D2D
communication.

[0084] For example, upon receiving a PUSCH transmis-
sion permission request from any one UE 20, the PUSCH
scheduler 111B generates the allocation information of the
radio resources for the PUSCH.

[0085] The PDSCH generator 112A generates a signal (a
PDSCH signal) that is DL-transmitted through the PDSCH.
The PDSCH signal is generated, for example, based on a DL
data signal addressed to the CUE 20 which is received from
the core network. The data signal is also referred to as “user
data” or a “user (U) plane signal.”

[0086] The PDCCH generator 112B generates the PDCCH
signal addressed to the CUE 20. The PDCCH signal may
include the DCI (the UL grant) as illustrated in FIG. 3.
[0087] The physical channel multiplexer 113 multiplexes
the PDSCH signal and the PDCCH signal generated by the
PDSCH generator 112A and the PDCCH generator 112B,
and outputs a resulting signal to the transmission RF unit
114.

[0088] The transmission RF unit 114 converts (for
examples, up-converts) the transmission signal of the physi-
cal channel multiplexed by the physical channel multiplexer
113 into a RF signal (a radio wave), and outputs the RF
signal to the transmission antenna 115 according to specified
transmission power.

[0089] The transmission antenna 115 radiates the RF sig-
nal output from the transmission RF unit 114 into space.
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[0090] The reception antenna 121 receives a radio wave
(that is, a UL RF signal) radiated into space by any one UE
20 and outputs the radio wave to the reception RF unit 122.
[0091] The reception RF unit 122 converts (for example,
down-converts) the UL RF signal received by the reception
antenna 121 into, for example, a baseband frequency signal
(hereinafter, also referred to as a “BB signal”), and outputs
the BB signal to the PUSCH demodulator 123.

[0092] The PUSCH demodulator 123 performs a demodu-
lation process on the BB signal output from the reception RF
unit 122, and obtains, for example, the PUSCH signal. The
PUSCH signal may include, for example, user data to be
transmitted to the core network. The PUSCH signal may
include a resource allocation request for the D2D commu-
nication. The demodulated resource allocation request is
transferred to, for example, the D2D scheduler 111A.
[0093] The transmission antenna 115 and the reception
antenna 121 may be configured as a transceiving antenna
shared by the DL and the UL, for example, using an antenna
duplexer. In this case, the transmission RF unit 114 and the
reception RF unit 122 may be shared (or integrated) in a
single RF transceiver.

[0094] All or some of the respective units 111, 112A,
112B, 113, 114, 122, and 123 may be implemented by an
operation device with an operation capability such as a CPU,
an MPU, or an FPGA. The operation device is also referred
to as a “hardware processor” or a “processor device.”
[0095] (Exemplary Configuration of DUE 20D)

[0096] The DUE 20D illustrated in FIG. 7 supports the
cellular communication and the D2D communication and
corresponds, for example, the DUE 20-1 or 20-2 of FIG. 5.
The DUE 20D includes reception antennas 211 to 213,
transmission antennas 214 and 215, reception RF units 221
to 223, and transmission RF units 224 and 225 as illustrated
in FIG. 7.

[0097] The DUE 20D of FIG. 7 includes, for example, a
PDSCH demodulator 231, a PDCCH demodulator 232, a DS
detector 241, and a PUSCH generator 242. The DUE 20D of
FIG. 7 further includes, for example, a D2D data signal
demodulator 251, a DS detector 252, a DS response detector
253, a scheduler 261, a DS response generator 262, a DS
generator 263, a D2D data signal generator 264, and a switch
265.

[0098] The reception antenna 211 receives the DL RF
signal in the cellular communication, and outputs the DL RF
signal to the reception RF unit 221.

[0099] The reception RF unit 221 down-converts the DL
RF signal received by the reception antenna 211 into, for
example, the BB signal, and outputs the BB signal to the
PDSCH demodulator 231 and the PDCCH demodulator 232.
[0100] The PDSCH demodulator 231 demodulates the
PDSCH signal by performing the demodulation process on
the BB signal output from the reception RF unit 221. When
the demodulated PDSCH signal indicates the resource allo-
cation information for the D2D communication, the resource
allocation information is transferred to the scheduler 261.
Further, when the resource allocation information for the
D2D communication is the allocation information of the
frequency resources, the allocation information is also
referred to as “D2D carrier information.”

[0101] The PDCCH demodulator 232 demodulates the
PDCCH signal by performing the demodulation process on
the BB signal output from the reception RF unit 221. The
demodulation process includes a decoding process such as
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error correction decoding. When the demodulated PDCCH
signal indicates the resource allocation information for the
PUSCH in the cellular communication, the resource alloca-
tion information is transferred to the scheduler 261.

[0102] The PDCCH demodulator 232 tries to demodulate
and decode the UL grant included in the PDCCH signal
addressed to another CUE 20 based on the C-RNTT included
in the “message” of the reception DS detected by the DS
detector 241 as described above.

[0103] Thus, the PDCCH demodulator 232 may be con-
sidered as being an example of a decoder that decodes the
allocation information of the radio resources that is encoded
by the wireless base station 10 using the C-RNTI and then
transmitted to the CUE 20 using the C-RNTI detected by the
DS detector 241.

[0104] The reception antenna 212 receives the UL RF
signal in the cellular communication and outputs the UL RF
signal to the reception RF unit 222.

[0105] The reception RF unit 222 down-converts the UL
RF signal received by the reception antenna 221 into, for
example, the BB signal, and outputs the BB signal to the DS
detector 241.

[0106] The DS detector 241 detects the DS from the BB
signal input from the reception RF unit 222. Upon detecting
the DS, the C-RNTI included in the “message” of the DS is
transferred to the PDCCH demodulator 232 as information
indicating the CUE 20 serving as the interference source of
the D2D communication.

[0107] The reception RF unit 222 and the DS detector 241
may be considered as being an example of a receiver that
receives the identification information of the CUE 20 trans-
mitted from the CUE 20 that performs wireless communi-
cation with the wireless base station 10 using the radio
resources allocated for the D2D communication.

[0108] The reception antenna 213 receives the RF signal
transmitted from another DUE 20D in the D2D communi-
cation, and outputs the RF signal to the reception RF unit
223.

[0109] The reception RF unit 223 down-converts the
reception RF signal of the D2D communication received by
the reception antenna 213 into, for example, the BB signal,
and outputs the BB signal to the D2D data signal demodu-
lator 251, the DS detector 252, and the DS response detector
253.

[0110] The D2D data signal demodulator 251 demodulates
the BB signal input from the reception RF unit 223, and
obtains a data signal of the D2D communication. When the
D2D communication is performed using the PUSCH as
described above, the D2D data signal demodulator 251 may
be the PUSCH demodulator 251 that demodulates the
PUSCH signal.

[0111] The DS detector 252 detects the DS from the BB
signal input from the reception RF unit 223. For example,
the DS corresponds to the DS that is generated by the DS
generator 263 in another DUE 20D and transmitted in order
to search for the DUE 20D establishing a pair of the D2D
communication. In response to the detection of the DS by
the DS detector 252, the DS response generator 262 gener-
ates a DS response signal.

[0112] The DS response detector 253 detects the DS
response signal to the DS that is generated by the DS
generator 263 and transmitted to another DUE 20 from the
signal received by the reception RF unit 223. A notification
indicating that the DS response signal is detected is given to,
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for example, the scheduler 261. In response to the detection
of'the DS response signal, a pair of the D2D communication
with another DUE 20 is established.

[0113] The scheduler 261 is an example of a controller that
controls the cellular communication and the D2D commu-
nication. For example, the scheduler 261 transmits the
resource allocation request for the D2D communication to
the PUSCH generator 242. The PUSCH generator 242
generates the PUSCH signal addressed to the wireless base
station 10 including the resource allocation request in
response to the reception of the resource allocation request.
[0114] Further, when the PDSCH demodulator 231
demodulates the resource allocation information serving as
the response to the resource allocation request for the D2D
communication, the scheduler 261 receives the resource
allocation information from the PDSCH demodulator 231.
The scheduler 261 controls the D2D data signal demodulator
251 and the D2D data signal generator 264 such that the
D2D communication is performed using the frequency
resources indicated by the resource allocation information.
[0115] Further, when the PDCCH demodulator 232 suc-
cessfully demodulates and decodes the PDCCH signal (the
UL grant) addressed to another CUE 20 serving as the
interference source of the D2D communication, the sched-
uler 261 receives the resource allocation information of the
interference source CUE 20 indicated by the UL grant. The
scheduler 261 controls the D2D data signal demodulator 251
and the D2D data signal generator 264 such that the D2D
communication using the frequency resources indicated by
the resource allocation information of the interference
source CUE 20 is inhibited.

[0116] The PUSCH generator 242 generates the PUSCH
signal including the UL data signal in the cellular commu-
nication, and outputs the PUSCH signal to the transmission
RF unit 224. The resource allocation request for the D2D
communication received from the scheduler 261 may be
transmitted through the PUSCH signal.

[0117] The transmission RF unit 224 converts (up-con-
verts) the PUSCH signal of the baseband frequency gener-
ated by the PUSCH generator 242 into the RF signal, and
outputs the RF signal to the transmission antenna 214.
[0118] The transmission antenna 214 radiates the RF sig-
nal output from the transmission RF unit 224 into space.
[0119] The DS generator 263 generates the DS for search-
ing for another DUE 20D establishing a pair of the D2D
communication. The DS is detected by the DS detector 252
of another DUE 20D.

[0120] The D2D data signal generator 264 generates, for
example, a transmission data signal of the D2D communi-
cation including the data signal received from the scheduler
261. When the D2D communication is performed using the
PUSCH as described above, the D2D data signal generator
251 may be the PUSCH generator 251 that generates the
PUSCH signal.

[0121] The switch 265 selectively output the outputs of the
DS response generator 262, the DS generator 263 and the
D2D data signal generator 264 to the transmission RF unit
225, for example, according to control by the scheduler 261.
The D2D communication (transmission) is controlled by
switching and controlling the switch 265 through the sched-
uler 261.

[0122] The transmission RF unit 225 converts (up-con-
verts) the BB signal serving as the output signal of the
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switch 265 into the RF signal and outputs the RF signal to
the transmission antenna 215.

[0123] The transmission antenna 215 radiates the RF
signal output from the transmission RF unit 225 into space.
[0124] Either or both of the DL reception antenna 211 and
the UL reception antenna 212 for the cellular communica-
tion and the reception antenna 213 for the D2D communi-
cation may be integrated into a single reception antenna.
Similarly, either or both of the DL reception RF unit 221 and
the UL reception RF unit 222 for the cellular communication
and the reception RF unit 223 for the D2D communication
may be integrated into a single RF receiver.

[0125] The UL transmission antenna 214 for the cellular
communication and the transmission antenna 215 for the
D2D communication may be integrated into a single trans-
mission antenna. Similarly, the UL transmission RF unit 224
for the cellular communication and the transmission RF unit
225 for the D2D communication may be integrated into a
single RF transmitter.

[0126] Some or all of the reception antennas 211 to 213
and the transmission antennas 214 and 215 may be inte-
grated into a single transceiver antenna. Similarly, some or
all of the reception RF units 221 to 223 and the transmission
RF units 224 and 225 may be integrated into a single RF
transceiver.

[0127] All or some of the respective units 221 to 225, 231,
232, 241, 242, 251 to 253, and 261 to 265 are also referred
to as a hardware processor with an operation capability such
as a CPU, an MPU, or an FPGA.

[0128] (Exemplary Configuration of CUE 20C)

[0129] FIG. 8 is a block diagram illustrating an exemplary
configuration of the CUE 20C that supports the cellular
communication. The CUE 20C illustrated in FIG. 8 corre-
sponds, for example, the CUE 20-3 of FIG. 5 and is a UE
capable of transmitting (also referred to as “giving a noti-
fication of”) the C-RNTT of its own UE 20-3 through the DS.
[0130] The CUE 20C illustrated in FIG. 8 includes, for
example, a reception antenna 211, a reception RF unit 221,
a PDCCH demodulator 232, and a PDSCH demodulator 231
which are similar to those illustrated in FIG. 7. The CUE
20C illustrated in FIG. 8 further includes, for example, a
transmission antenna 214, a transmission RF unit 224, and
a PUSCH generator 242 which are similar to those illus-
trated in FIG. 7. The CUE 20C illustrated in FIG. 8 further
includes a DS generator 271 and a physical channel multi-
plexer 272.

[0131] When the PDSCH signal demodulated by the
PDSCH demodulator 231 indicates the D2D carrier infor-
mation, the DS generator 271 receives the D2D carrier
information from the PDSCH demodulator 231. In response
to the reception of the D2D carrier information, the DS
generator 271 may generate the DS in which the C-RNTT of
its own UE 20 is included in the “message” which is
transmitted through the frequency resources (carrier) for the
D2D communication indicated by the D2D carrier informa-
tion.

[0132] The physical channel multiplexer 272 multiplexes
the DS generated by the DS generator 271 and the PUSCH
signal generated by the PUSCH generator 242, and outputs
a resulting signal to the transmission RF unit 224.

[0133] The transmission RF unit 224 converts (up-con-
verts) the BB signal into the RF signal, and outputs the RF
signal to the transmission antenna 214.
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[0134] The DS generator 271, the physical channel mul-
tiplexer 272, and the transmission RF unit 224 may be
considered as being an example of a transmitter that trans-
mits the DS in which the C-RNTI serving as the identifica-
tion information of the CUE 20C is included in the “mes-
sage.”

[0135] The transmission antenna 214 radiates the RF
signal output from the transmission RF unit 224 into space.
[0136] The reception antenna 211 and the transmission
antenna 214 may be integrated into a single transceiver
antenna. Similarly, the reception RF unit 221 and the trans-
mission RF unit 224 may be integrated into a single RF
transceiver. All or some of the respective units 221, 224,
231, 232, 242, 271, and 272 may be implemented by a
hardware processor with an operation capability such as a
CPU, an MPU, or an FPGA.

[0137] (Exemplary Operation)

[0138] Next, an example of a method of preventing inter-
ference between cellular communication and the D2D com-
munication in the wireless communication system 1 having
the above-described configuration will be described with
reference to a sequence diagram illustrated in FIG. 9.
[0139] The wireless base station 10 performs a setting of
the frequency resources for the D2D communication in
advance (process P11). The setting may be performed by the
scheduler 111 (the D2D scheduler 111A) illustrated in FIG.
6.

[0140] FIG. 9 illustrates an example in which 10 RBs #0
to #9 are set as the frequency resources available for the
D2D communication as a non-limiting example. The fre-
quency resources for the D2D communication are also
referred to simply as “D2D resources.”

[0141] When the setting of the D2D resources is com-
pleted, the wireless base station 10 transmits the resource
allocation information (the D2D carrier information) for the
D2D communication, for example, through the PDSCH
(process P12). The PDSCH signal is generated by, for
example, the PDSCH generator 112A illustrated in FIG. 6
and transmitted through the physical channel multiplexer
113, the transmission RF unit 114, and the transmission
antenna 115.

[0142] The PDSCH signal is received by the UE 20
located within the cell 100 of the wireless base station 10. In
the example of FIG. 9, a DUE #1, a DUE #2, and the CUE
#3 receive the PDSCH signal. The received PDSCH signal
is demodulated by, for example, the PDSCH demodulator
231 illustrated in FIGS. 7 and 8.

[0143] Here, for example, the DUE #1 is assumed to
generate the DS through the DS generator 263 (see FIG. 7)
and transmit the DS in order to search for the DUE 20
establishing a pair of the D2D communication (process
P13). In the example of FIG. 9, the DS is received by the
DUE #2.

[0144] Upon detecting the DS through the DS detector 252
(see FIG. 7), the DUE #2 generates the DS response signal
through the DS response generator 262, and transmits the
DS response signal to the DUE #1 (process P14). Upon
detecting the reception of the DS response signal through the
DS response detector 253, the DUE #1 establishes a pair of
the D2D communication with the transmission source DUE
#2 of the DS response signal.

[0145] When a pair of the D2D communication is estab-
lished, the DUE #1 transmits a D2D resource allocation
request with the DUE #2 to the wireless base station 10
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(process P15). For example, the D2D resource allocation
request is transmitted from the transmission antenna 214
using the PUSCH through the scheduler 261 and the PUSCH
generator 242 illustrated in FIG. 7.

[0146] The wireless base station 10 receives and demodu-
lates the D2D resource allocation request transmitted from
the DUE #1 through the PUSCH demodulator 123 and
transfers the demodulated D2D resource allocation request
to the D2D scheduler 111A. The D2D scheduler 111A
determines to allocate any one (for example, the RB #1) of
the RBs #0 to #9 set as the D2D communication resources
to the DUE #1 in response to the reception of the D2D
resource allocation request (process P16).

[0147] The allocation of the D2D resources may be
dynamic or may be “quasi-static” in order to suppress a
communication amount between the wireless base station 10
and the DUE 20 as much as possible. “quasi-static” may be
non-static (unfixed) but may be considered as indicating that
a change is not made as often as “dynamic.”

[0148] As the allocation of the RB #1 is determined, the
wireless base station 10 transmits the resource allocation
information of the RB #1 to, for example, the DUE #1
through the PDSCH (process P17). The PDSCH signal
including the resource allocation information is generated
by, for example, the PDSCH generator 112A illustrated in
FIG. 6. The transmission of the resource allocation infor-
mation by the PDSCH signal may be considered as being an
example of radio resource control (RRC).

[0149] Meanwhile, when the D2D carrier information
received from the wireless base station 10 indicates that the
D2D communication is set in the frequency resources for the
UL cellular communication, the CUE #3 that performs the
cellular communication with the wireless base station 10
transmits the DS (process P18). The transmission of the DS
may be periodically performed. However, the DS may be
non-periodically performed. The DS may be generated by,
for example, the DS generator 271 illustrated in FIG. 8, and
the C-RNTI of the CUE #3 may be included in the “mes-
sage” (see FIG. 5).

[0150] The DS transmitted from the CUE #3 is received
by any one of the UEs 20 located around the CUE #3. In the
example of FIG. 9, the DUE #1 receives the DS transmitted
from the CUE #3.

[0151] Upon detecting the reception of the DS through the
DS detector 241 (see FIG. 7), the DUE #1 decodes the
“message” of the received DS, and acquires (detects) the
C-RNTT included in the “message” (process P19). The DUE
#1 recognizes that the CUE #3 identified by the detected
C-RNTI may function as the interference source of the D2D
communication with the DUE #2. The detected C-RNTI is
transferred to the PDCCH demodulator 232 (see FIG. 7) and
then used for demodulation of the PDCCH signal in the DL
cellular communication of the CUE #3.

[0152] Meanwhile, upon receiving a transmission request
for the transmission permission information (the UL grant)
from the CUE #3, the wireless base station 10 determines to
allocate the frequency resources that are allowed to be used
for the UL transmission by the CUE #3 through the PUSCH
scheduler 111B (see FIG. 6) (process P20). In the example
of FIG. 9, the RB #1 is allocated to the CUE #3.

[0153] When the RB #1 is determined as the frequency
resources to be allocated to the CUE #3, the wireless base
station 10 generates the UL grant including the resource
allocation information indicating the RB #1 through the UL
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grant generator 112B (see F1G. 6) and transmits the UL grant
to the CUE #3 through, for example, the PDCCH (process
P21).

[0154] When the UL grant is successfully received,
demodulated, and decoded through the PDCCH demodula-
tor 232 (see FIG. 8), after 4 ms as illustrated in FIG. 4, the
CUE #3 performs the UL transmission (transmission of the
PUSCH signal) using the RB #1 indicated by the UL grant
(process P22).

[0155] Here, the PDCCH signal including the UL grant
addressed to the CUE #3 is also received by the DUE #1
located within the cell 100 of the wireless base station 10
(see FIG. 1). The DUE #1 tries to decode the PDCCH signal
addressed to the CUE #3 through the PDCCH demodulator
232 (see FIG. 7) using the C-RNTT of the CUE #3 detected
in process P19. When the decoding is successfully per-
formed, the DUE #1 can acquire the allocation information
of the frequency resources of the RB #1 allocated from the
wireless base station 10 to the CUE #3 for the UL cellular
communication (process P23).

[0156] Thus, when the transmission of the D2D commu-
nication to the DUE #2 is performed using the RB #1
allocated from the wireless base station 10 to the CUE #3,
the DUE #1 recognizes that there is a possibility that
interference will occur and does not transmit the D2D
communication using the RB #1 (process P24). Alterna-
tively, the DUE #1 may performs the transmission to the
DUE #2 using other frequency resources not overlapping
with the RB #1.

[0157] For example, control of transmission data of the
D2D communication by the scheduler 261 (see FIG. 7) may
be performed by performing scheduling of D2D data to be
transferred to the D2D data signal generator 264 to avoid the
frequency resources (RB) overlapping with the RB #1.
[0158] In other words, when the RB (the D2D resources)
is different from the frequency resources indicated by the UL
grant addressed to the CUE #3, the DUE #1 may perform the
transmission to the DUE #2 using the D2D resources.
[0159] For example, as illustrated in processes P25 to P29
in FIG. 9, when the UL grant addressed to the CUE #3
indicates the RB #2, the DUE #1 may perform the trans-
mission to the DUE #2 using the RB #1 since there is no
interference with the cellular communication when the RB
#1 is used.

[0160] The DUE #2 establishing a pair of the D2D com-
munication with the DUE #1 can also perform the transmis-
sion of the D2D communication by avoiding the use of the
RB #1 used for the cellular communication by the CUE #3,
similarly to the process in the DUE #1. The same applies to
the DUE 20 establishing a pair of other D2D communica-
tion.

[0161] Accordingly, the interference between the cellular
communication and the D2D can be prevented. Thus, the
DUE 20 (for example, the DUE #2) at the reception side of
the D2D communication can receive a data signal of a
sufficient quality from the DUE 20 (for example, the DUE
#1) at the transmission side through the D2D communica-
tion regardless whether or not the interference component of
the cellular communication is included.

[0162] Further, since the DUE 20 at the transmission side
of the D2D communication does not perform transmission
using the frequency resources that are unlikely to be prop-
erly received by the DUE 20 at the reception side although
it performs the data transmission, it is possible to prevent
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interference with surrounding communication caused by
unnecessary data transmission. In other words, the DUE 20
at the transmission side can be prevented from functioning
as the interference source of other communication. For
example, “other communication” is the cellular communi-
cation or another D2D communication of the CUE 20
located near the DUE 20 at the transmission side.

Second Embodiment

[0163] The first embodiment has been described in con-
nection with the example in which the DUE #1 that suc-
cessfully demodulates and decodes the UL grant addressed
to the CUE #3 and detects the C-RNTI of the CUE #3
autonomously controls (schedules) the frequency resources
used for the transmission of the D2D communication.
[0164] A second embodiment will be described in con-
nection with an example in which the DUE #1 that has
detected the C-RNTT of the CUE #3 gives a notification of
the C-RNTI to the wireless base station 10 and causes the
wireless base station 10 to perform scheduling of the fre-
quency resources so that the cellular communication does
not interfere with the D2D communication.

[0165] This interference prevention method corresponds
to a “second interference prevention method,” compared to
the “first interference prevention method” of the first
embodiment. In the second embodiment, the wireless base
station 10, the DUE 20D, and the CUE 20C may have
similar exemplary configurations to those illustrated in
FIGS. 6 to 8.

[0166] (Second Interference Prevention Method)

[0167] FIG. 10 is a sequence diagram illustrating an
operation of the wireless communication system according
to the second embodiment (the second interference preven-
tion method). In FIG. 10, processes P31 to P39 are the same
as or similar to processes P11 to P19 illustrated in FIG. 9.
[0168] In other words, a process until the DUE #1 suc-
cessfully receives the DS and decodes the “message” of the
DS transmitted from the CUE #3 and detects the C-RNTT of
the CUE #3 after the wireless base station 10 sets the
frequency resources for the D2D communication (the RBs
#0 to #9) is the same as in the first interference prevention
method.

[0169] The DUE #1 that has detected the C-RNTI of the
CUE #3 gives a notification of the C-RNTI (also referred to
as “reports the C-RNTI”) to the wireless base station 10
(process P40). This notification may be given through, for
example, the PUSCH. The PUSCH signal including the
C-RNTI of the CUE #3 may be generated by the PUSCH
generator 242 illustrated in FIG. 7.

[0170] For example, the PUSCH generator 242 may
receive the C-RNTI of the interference source CUE #3
detected by the DS detector 241 (see a dotted line arrow of
FIG. 7) and generate the PUSCH signal including the
C-RNTI. Thus, the PUSCH generator 242 and the transmis-
sion RF unit 224 illustrated in FIG. 7 may be considered as
being an example of a transmitter that transmits the identi-
fication information of the interference source CUE 20 to the
wireless base station 10.

[0171] Here, the notification of the C-RNTT to the wireless
base station 10 may be performed using a different UL
physical channel from the PUSCH. This notification may be
given using information that enables the wireless base
station 10 to identify the CUE #3 instead of the C-RNTI.
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[0172] In other words, the information reported to the
wireless base station 10 may be information that enables the
wireless base station 10 to identify the CUE #3 that may
function as the interference source of the D2D communica-
tion. Thus, instead of the C-RNTI, unique device identifi-
cation information permanently allocated to the CUE #3
may be used. However, using the C-RNTI that is the
temporary information, security of communication is easily
secured.

[0173] When the PUSCH signal including the C-RNTT of
the CUE #3 whose transmission source is the DUE #1 is
received and demodulated by the PUSCH demodulator 123
(see FIG. 6), the wireless base station 10 transfers the
C-RNTT of the CUE #3 to the scheduler 111 (for example,
the PUSCH scheduler 111B).

[0174] The scheduler 111B identifies the CUE #3 that may
function as the interference source on the DUE #1 of the
report source based on the C-RNTI, and allocates the
frequency resources not overlapping the D2D resources
allocated to the DUE #1 to the CUE #3 (process P41).
[0175] In the example of FIG. 10, in processes P36 and
P37, the D2D resources of the RB #1 are allocated to the
DUE #1, and thus for example, the RB #2 not overlapping
with the RB #1 is allocated to the CUE #3.

[0176] Thus, the scheduler 111 may be considered as
being an example of a controller that performs control such
that resources not overlapping the D2D resources are used as
the radio resources used for the cellular communication with
the wireless base station 10 by the CUE #3 identified by the
C-RNTI received from the DUE #1.

[0177] When the RB #2 is determined to be allocated to
the CUE #3, the wireless base station 10 generates the UL
grant including the resource allocation information indicat-
ing the RB #2 through the UL grant generator 112B and
transmits the generated UL grant through the PDCCH (pro-
cess P42).

[0178] When the PDCCH demodulator 232 (see FIG. 8)
receives the UL grant from the wireless base station 10 and
demodulates the UL grant, the CUE #3 recognizes that the
RB #2 is allocated to the transmission of the PUSCH and
thus perform the transmission of the PUSCH using the RB
#2 (process P43).

[0179] On the other hand, since the RB #2 not overlapping
with the RB #1 used for the transmission of the D2D
communication to the DUE #2 is allocated to the PUSCH of
the CUE #3, no interference occur even when the DUE #1
performs the transmission of the D2D communication using
the RB #1 (process P44).

[0180] Accordingly, the interference between the cellular
communication and the D2D can be prevented. Thus, the
DUE 20 (for example, the DUE #2) at the reception side of
the D2D communication can receive a data signal of a
sufficient quality from the DUE 20 (for example, the DUE
#1) at the transmission side through the D2D communica-
tion regardless whether or not the interference component of
the cellular communication is included.

[0181] The DUE #2 establishing a pair of the D2D com-
munication with the DUE #1 may detect the C-RNTI of the
CUE #3 that may function as the interference source and
report the C-RNTT of the CUE #3 to the wireless base station
10, similarly to the process in the DUE #1. The same applies
to the DUE 20 establishing a pair of other D2D communi-
cation.
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Third Embodiment

[0182] Next, a third embodiment (a third interference
prevention method) will be described with reference to a
flowchart illustrated in FIG. 11. In the third embodiment,
when the DUE 20 receives and detects the DS transmitted
from the CUE 20, the DUE 20 temporarily stops the D2D
communication regardless of communication to which fre-
quency resource are allocated by the wireless base station 10
and the allocated frequency resources. In the third embodi-
ment, the wireless base station 10, the DUE 20D, and the
CUE 20C may have similar exemplary configurations to
those illustrated in FIGS. 6 to 8.

[0183] As illustrated in FIG. 11, the DUE 20 (for example,
the DUE #1 illustrated in FIGS. 1 and 5) generates the DS
for searching for another DUE 20 establishing a pair of the
D2D communication through the DS generator 263 (see
FIG. 7) and transmits the DS (process P51).

[0184] The DUE #1 periodically repeats the transmission
of the DS until the DS response signal is received (until Yes
is determined in process P52) (a route of No in process P52).
When the reception of the DS response signal is detected by
the DS response detector 253 (when Yes is determined in
process P52), the DUE #1 establishes a pair of the D2D
communication with the DUE 20 (for example, the DUE #2
illustrated in FIGS. 1 and 5) serving as the transmission
source of the DS response signal (process P53).

[0185] When a pair of the D2D communication is estab-
lished, the DUE #1 transmits the D2D resource allocation
request to the wireless base station 10, for example, through
the PUSCH (process P54). The PUSCH signal is generated
by, for example, the PUSCH generator 242 illustrated in
FIG. 7.

[0186] The DUE #1 receives the allocation information of
the D2D resources from the wireless base station 10 through,
for example, the PDSCH (process P55). Thereafter, the DUE
#1 monitors whether or not the DS transmitted from the
CUE 20 (for example, the CUE #3 of FIG. 5) is received
(process P56 and P57).

[0187] Upon the reception of the DS transmitted from the
CUE #3 through, for example, the DS detector 252 (see FIG.
7) (Yes in process P57), the DUE #1 is on standby for the
transmission of the D2D communication for a predeter-
mined period of time (process P58), and continuously moni-
tors whether or not the DS transmitted from the CUE 20 is
received. The “predetermined period of time” may be, for
example, a period of time of the order of milliseconds.
[0188] The standby period of time after the detection of
the reception of the DS need not be necessarily a predeter-
mined period of time and may be variable. For example, the
standby period of time may vary according to a moving
speed of the DUE #1 that has detected the reception of the
DS. As a non-limiting example, as the moving speed of the
DUE #1 decreases, the standby period of time may increase
since a change in an environment in which interference is
likely to occur is considered to be small.

[0189] When the reception of the DS transmitted from the
CUE 20 is not detected (No in process P57), the DUE #1
transmits D2D data signal using the frequency resources
indicated by the allocation information of the D2D resources
received in process P55 (process P59).

[0190] When there is no non-transmitted D2D data signal
addressed to the DUE #2 (No in process P60), the DUE #1
ends the process. On the other hand, when there is a
non-transmitted D2D data signal addressed to the DUE #2
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(Yes in process P60), the DUE #1 checks whether or not a
current timing corresponds to the DS transmission timing by
the CUE 20 (process P61).

[0191] The DUE #1 may store information indicating a
timing (for example, a cycle) at which the CUE 20 transmits
the DS (hereinafter, also referred to as “CUE-DS transmis-
sion timing information”). The CUE-DS transmission tim-
ing information may be set and stored in the DUE 20 as
information known between the CUEs 20 or may be
reported from the CUE 20 (or the wireless base station 10).
[0192] When the current timing does not correspond to the
DS transmission timing by the CUE 20 as a result of
checking in process P61 (No in process P61), the DUE #1
continuously transmit the D2D data signal until there is no
D2D data signal addressed to the DUE #2.

[0193] On the other hand, when the current timing corre-
sponds to the DS transmission timing by the CUE 20 (Yes
in process P61), the DUE #1 returns to process P56, and
monitors whether or not the DS is received from the CUE
20.

[0194] The DUE #2 establishing a pair of the D2D com-
munication with the DUE #1 may also perform the same
processes P51 to P61 as those described above.

[0195] As described above, when the DUE 20 receives
and detects the DS transmitted from the CUE 20, the DUE
20 temporarily stops the D2D communication regardless of
communication to which frequency resources are allocated
by the wireless base station 10 and the frequency resources,
and thus the interference between the cellular communica-
tion and the D2D communication can be prevented.

[0196] Thus, the DUE 20 at the reception side of the D2D
communication (for example, the DUE #2) can receive the
data signal of a sufficient quality when the DUE 20 at the
transmission side (for example, the DUE #1) transmits the
D2D data signal.

[0197] Further, since the DUE 20 at the transmission side
of'the D2D communication does not perform transmission at
a timing that are unlikely to be properly received by the
DUE 20 at the reception side although it performs the data
transmission, it is possible to prevent interference with
surrounding cellular communication or another D2D com-
munication caused by unnecessary data transmission.
[0198] In the above-described example, the DUE #1 that
has detected the DS transmitted from the CUE #3 is on
standby for a predetermined period of time and then moni-
tors whether or not the DS is received from the CUE #3 (or
another CUE 20) again. However, when the DS transmitted
from the CUE 20 is detected, the DUE 20 may be on standby
for a predetermined period of time and then try to perform
the transmission of the D2D communication without moni-
toring the reception of the DS. It is because there are cases
in which no interference occurs even when the transmission
of the D2D communication is performed according to the
laps of time after the DS is detected.

Fourth Embodiment

[0199] Next, an interference prevention method according
to a fourth embodiment will be described with reference to
FIG. 12.

[0200] In the third embodiment, the DUE 20 temporarily
stops the D2D communication according to the detection of
the reception of the DS transmitted from the CUE 20, but in
the fourth embodiment, the D2D communication may be
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temporarily stopped after the number of DSs that are
received and detected reaches a default value (for example,
an integer of 2 or larger).

[0201] Further, until the number of DSs that are received
and detected reaches a default value, the DUE 20 try to
decode the UL grant addressed to the CUE 20 and perform
the D2D communication so as to avoid the frequency
resources allocated to the CUE 20, similarly to the first
embodiment.

[0202] In the fourth embodiment, the wireless base station
10, the DUE 20D, and the CUE 20C may have similar
exemplary configurations to those illustrated in FIGS. 6 to 8.

[0203] As illustrated in FIG. 12, similarly to the third
embodiment, the DUE 20 (for example, the DUE #1)
establishes a pair of the D2D communication with another
DUE 20 (for example, the DUE #2) and then monitors
whether or not the DS transmitted from the CUE 20 is
received and detected (process P71 to P77).

[0204] When the DS is received and detected, the DUE #1
checks whether or not the number of DSs that are detected
to be received for a predetermined period of time (herein-
after, referred to as “the number of received DSs”) is a
default value or more (a route of Yes in process P77 and
process P78). For example, the “predetermined period of
time” may be set to a predetermined of time shorter than a
transmission cycle of the DS by the CUE 20. The default
value (that is, a threshold value) for the number of received
DSs may be stored in a memory (not illustrated) with which
the DUE #1 is equipped. The memory may be installed in,
for example, the scheduler 261 illustrated in FIG. 7.

[0205] When the number of received DSs is the default
value or more (Yes in process P78), the DUE #1 is on
standby for the D2D communication with the DUE #2 for a
predetermined period of time (process P79), and monitors
whether or not the DS is received from the CUE 20 and
detected.

[0206] On the other hand, when the number of received
DSs is less than the default value (No in process P78), the
DUE #1 detects and acquires the C-RNTI of the CUE 20 (for
example, the CUE #3) that may function as the interference
source of the D2D communication from the “message” of
the received DS (see FIG. 5) (process P80).

[0207] Upon detecting the C-RNTI of the CUE #3, the
DUE #1 tries to demodulate and decode the UL grant
transmitted from the wireless base station 10 through the
PDCCH addressed to the CUE #3 using the C-RNTI.

[0208] When the UL grant addressed to the CUE #3 is
successfully decoded (Yes in process P81), the DUE #1
stores the resource allocation information indicated by the
UL grant. The resource allocation information may be stored
in the memory. When the resource allocation information is
already stored in the memory, the DUE #1 may update the
resource allocation information (hereinafter, also referred to
as “accumulation information”) to resource allocation infor-
mation indicated by the latest UL grant (process P82).

[0209] The DUE #1 checks whether or not the D2D
resources allocated from the wireless base station 10 in
process P75 overlap with the frequency resources indicated
by the UL grant addressed to the CUE #3 (process P84) with
reference to the accumulation information of the resource
allocation information allocated to the CUE 20 (process
P83). For example, the DUE #1 checks whether or not the
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resource overlapping occurs at the transmission timing of
the data signal of the D2D communication (for example, a
sub-frame).

[0210] When no resource overlapping occurs (No in pro-
cess P84), the DUE #1 transmits the D2D data signal using
the frequency resources indicated by the allocation infor-
mation of the D2D resources received in process P75,
similarly to the third embodiment (process P85).

[0211] When there is no non-transmitted D2D data signal
addressed to the DUE #2 (No in process P86), the DUE #1
ends the process. On the other hand, when there is a
non-transmitted D2D data signal addressed to the DUE #2
(Yes in process P86), the DUE #1 checks whether or not a
current timing corresponds to the DS transmission timing by
the CUE 20, similarly to the third embodiment (process
P87).

[0212] When the current timing does not correspond to the
DS transmission timing by the CUE 20 as a result of
checking in process P87 (No in process P87), the DUE #1
returns to process P83 and performs the resource overlap-
ping check with reference to the accumulation information
of the resource allocation information of the CUE 20.
[0213] On the other hand, when the current timing corre-
sponds to the DS transmission timing by the CUE 20 (Yes
in process P87), the DUE #1 returns to process P76, and
monitors whether or not the DS is received from the CUE
20.

[0214] When the UL grant addressed to the CUE #3 fails
to be decoded in process P81 (No in process P81), the DUE
#1 performs processes P83 to P87. For example, the DUE #1
may determine whether or not the D2D communication is
performed by performing the resource overlapping check
based on the previous accumulation information of the
resource allocation information allocated to the CUE 20.
[0215] When the resource overlapping occurs as a result of
performing the resource overlapping check in process P84
(Yes in process P84), the DUE #1 checks whether or not the
current timing corresponds to the DS transmission timing by
the CUE 20 (process P87).

[0216] When the current timing does not correspond to the
DS transmission timing by the CUE 20 as a result of
checking (No in process P87), the DUE #1 returns to process
P83 and performs the resource overlapping check with
reference to the accumulation information of the resource
allocation information of the CUE 20.

[0217] Further, when the DS is not detected in process P77
(No), the DUE #1 may proceed to a process subsequent to
process P83. Further, the DUE #2 establishes a pair of the
D2D communication with the DUE #1 may also perform the
same processes P71 to P87 as those described above.
[0218] As described above, when the number of received
DSs from the CUE 20 is the default value or more, the DUE
20 stops the D2D communication, and when the number of
received DSs is less than the default value, the DUE 20 can
perform the D2D communication while avoiding the use of
the frequency resources allocated to the CUE 20, similarly
to the first embodiment.

[0219] Thus, when the number of received DSs is deter-
mined to be the default value or more, and the number of
CUEs 20 that may function as the interference source is
determined to be large, the DUE 20 does not perform the
D2D communication, and thus the interference between the
cellular communication and the D2D communication can be
prevented. Further, it is possible to prevent interference with
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surrounding cellular communication or another D2D com-
munication caused by unnecessary data transmission by the
DUE 20.

[0220] On the other hand, when the number of received
DSs is determined to be less than the default value, and the
number of CUEs 20 that may function as the interference
source is determined to be small, the DUE 20 can perform
the D2D communication while avoiding the user of the
frequency resources allocated to the CUE 20 and efficiently
use the frequency resources. In this case, the DUE 20 at the
reception side of the D2D communication (for example, the
DUE #2) can receive the data signal of a sufficient quality
from the DUE 20 at the transmission side (for example, the
DUE #1).

[0221] (Others)

[0222] There may be an exception in the transmission of
the DS by the CUE 20. When the radio resources for the
D2D communication are shared with the radio resources for
the cellular communication, it is desirable that the CUE 20
transmit the DS in order to prevent interference as described
above.

[0223] However, the CUE having no the DS transmission
function is unable to transmit the DS and thus unable to
transmit its own C-RNTIL. It is desirable that the wireless
base station 10 allocate the radio resources other than the
radio resources for the D2D communication to the CUE
having no the DS transmission function.

[0224] Even when it is desirable that the CUE 20 having
the DS transmission function do not transmit the DS due to
a certain reason, it is desirable that the wireless base station
10 allocate the radio resources other than the radio resources
for the D2D communication to the CUE 20.

[0225] For example, the DS transmitted from the CUE 20
moving at a high speed higher than a certain speed threshold
value may not be helpful to detection of an interference state
on the D2D communication. Thus, it is desirable that the
wireless base station 10 allocate the radio resources other
than the radio resources for the D2D communication to the
CUE 20 moving at a high speed.

[0226] In other words, the wireless base station 10 may
control whether or not the transmission of the DS from the
CUE 20 is allowed according to the moving speed of the
CUE 20. For example, the CUE 20 moving at a high speed
higher than a certain speed threshold value is requested to
stop the transmission of the DS, and thus it is possible to
save the radio resources used for the DS transmission and
reduce the power consumption of the CUE 20.

[0227] As described above, according to the above
embodiments, the radio resources (for example, the fre-
quency resources) can be shared by the respective commu-
nications while preventing the cellular communication from
interfering with the D2D communication, and thus the
system capacity of the wireless communication system 1 can
be increased.

[0228] In other words, in the wireless communication
system 1, the D2D communication and the cellular commu-
nication can efficiently coexist, and thus the wireless com-
munication performance can be improved.

[0229] In the above example, the UL frequency resources
have been described as an example of the radio resources
that can be shared by the cellular communication and the
D2D communication (that is, that may have interference),
but the radio resources that can be shared by the cellular
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communication and the D2D communication may be the DL
frequency resources or may be the time resources.
[0230] All examples and conditional language provided
herein are intended for pedagogical purposes to aiding the
reader in understanding the invention and the concepts
contributed by the inventor to further the art, and are not to
be construed as limitations to such specifically recited
examples and conditions, nor does the organization of such
examples in the specification relate to a showing of the
superiority and inferiority of the invention. Although one or
more embodiment (s) of the present invention have been
described in detail, it should be understood that the various
changes, substitutions, and alterations could be made hereto
without departing from the spirit and scope of the invention.
What is claimed is:
1. A wireless communication system, comprising:
a wireless base station;
a first wireless device that performs wireless communi-
cation with the wireless base station;
a plurality of second wireless devices,
wherein the first wireless device transmits identification
information of the first wireless device using a radio
resource allocated for device-to-device communica-
tion, the device-to-device communication being per-
formed between the second wireless devices without
going through the wireless base station.
2. The wireless communication system according to claim
15
wherein the second wireless device decodes allocation
information of a radio resource, the allocation infor-
mation being encoded by the wireless base station
using the identification information and being trans-
mitted to the first wireless device, using the identifica-
tion information received from the first wireless device,
and controls a radio resource to be used for the device-
to-device communication to a radio resource not over-
lapping with a radio resource indicated by a decoded
result of the allocation information.
3. The wireless communication system according to claim
15
wherein the second wireless device transmits the identi-
fication information received from the first wireless
device to the wireless base station, and
the wireless base station controls a radio resource to be
used by the first wireless device to perform wireless
communication with the wireless base station, the first
wireless device being identified by the received iden-
tification information, to a radio resource not overlap-
ping with the radio resource allocated for the device-
to-device communication.
4. The wireless communication system according to claim
15
wherein the second wireless device inhibits the device-
to-device communication in response to a reception of
the identification information transmitted by the first
wireless device.
5. The wireless communication system according to claim
15
wherein the second wireless device inhibits the device-
to-device communication when the number of pieces of
received identification information exceeds a threshold
value.
6. The wireless communication system according to claim
15
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wherein the first wireless device puts the identification
information of the first wireless device in a discovery
signal to discover a wireless device that performs the
device-to-device communication, and transmits the dis-
covery signal.

7. A wireless communication method, comprising:

transmitting, by a first wireless device that performs
wireless communication with a wireless base station,
identification information of the first wireless device
using a radio resource allocated for device-to-device
communication, the device-to-device communication
being performed between the second wireless devices
without going through the wireless base station.

8. A wireless device that performs wireless communica-
tion with a wireless base station, the wireless device com-
prising:

a transmitter configured to transmit identification infor-
mation of the wireless device using a radio resource
allocated for device-to-device communication, the
device-to-device communication being performed
between other wireless devices without going through
the wireless base station.

9. A wireless device serving as a second wireless device
that performs device-to-device communication with a first
wireless device without going through a wireless base
station, the second wireless device comprising:

a receiver configured to receive identification information
of a third wireless device, the identification information
being transmitted by the third wireless device that
performs wireless communication with the wireless
base station using a radio resource allocated for the
device-to-device communication.

10. The wireless device according to claim 9, further

comprising,

a decoder configured to decode allocation information of
a radio resource, the allocation information being
encoded by the wireless base station using the identi-
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fication information and being transmitted for the third
wireless device, by using the identification information
received by the receiver; and

a controller configured to control a radio resource to be
used for the device-to-device communication to a radio
resource not overlapping with a radio resource indi-
cated by a decoded result of the allocation information.

11. The wireless device according to claim 9, further
comprising,

a transmitter configured to transmit the identification
information received by the receiver to the wireless
base station.

12. The wireless device according to claim 9, further

comprising,

a controller configured to inhibit the device-to-device
communication in response to a reception of the iden-
tification information by the receiver.

13. The wireless device according to claim 9, further

comprising,

a controller configured to inhibit the device-to-device
communication when the number of pieces of identi-
fication information received by the receiver exceeds a
threshold value.

14. A wireless base station that performs wireless com-
munication with a wireless device, the wireless base station
comprising:

a receiver configured to receive the identification infor-
mation transmitted from the transmitter according to
claim 11; and

a controller configured to control a radio resource to be
used by the third wireless device to perform wireless
communication with the wireless base station, the third
wireless device being identified by the received iden-
tification information received by the receiver, to a
radio resource not overlapping with the radio resource
allocated for the device-to-device communication.
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