
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2016/0381694 A1 

YANO et al. 

US 2016.0381694A1 

(43) Pub. Date: Dec. 29, 2016 

(54) 

(71) 

(72) 

(73) 

(21) 

(22) 

WIRELESS COMMUNICATION SYSTEM, 
TERMINAL AND PROCESSING METHOD 

Applicant: FUJITSU LIMITED, Kawasaki-shi 
(JP) 

Inventors: Tetsuya YANO, Yokohama (JP); 
Michiharu Nakamura, Yokosuka (JP); 
YOSHINORI TANAKA, Yokohama 
(JP); Kotaro Shizaki, Kawasaki (JP); 
Daisuke JITSUKAWA, Adachi (JP): 
Hongyang CHEN. Kawasaki (JP); 
Yoshiaki Ohta, Yokohama (JP); KENJI 
SUDA, Yokohama (JP) 

Assignee: FUJITSU LIMITED, Kawasaki-shi 
(JP) 

Appl. No.: 15/259,774 

Filed: Sep. 8, 2016 

BASE 
STATION 

20- 20-2 2O-N 

TERMINA -sis ERMINAL 8 TERMINA 

Related U.S. Application Data 
(63) Continuation of application No. PCT/JP2014/ 

066801, filed on Jun. 25, 2014. 

(30) Foreign Application Priority Data 

Mar. 18, 2014 (WO).......................... JP2014/057317 

Publication Classification 

(51) Int. Cl. 
H047 72/10 (2006.01) 

(52) U.S. Cl. 
CPC .................................... H04W 72/10 (2013.01) 

(57) ABSTRACT 

A wireless system includes a plurality of terminals and a 
wireless base station. Each of the plurality of terminals 
determines a priority of a local terminal related to transmis 
sion of a certain signal according to a certain rule when the 
certain signal is not received from the wireless base station. 
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FIG. 8 
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FIG 16 
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WIRELESS COMMUNICATION SYSTEM, 
TERMINAL AND PROCESSING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation application of 
International Application PCT/JP2014/066801, filed on Jun. 
25, 2014 and designated the U.S., which is based upon and 
claims the benefit of priority of the prior International 
Application PCT/JP2014/057317, filed on Mar. 18, 2014. 
The entire contents of these applications are incorporated 
herein by reference. 

TECHNICAL FIELD 

0002 The present invention relates to a wireless com 
munication system, a terminal, and a processing method. 

BACKGROUND ART 

0003. In recent years, a next-generation wireless commu 
nication technique of providing further Sophistication, a 
larger capacity and a higher functionality of wireless com 
munication in wireless communication systems such as a 
mobile telephone system (cellular system) and the like has 
been studied. 

0004 For example, 3GPP (3rd Generation Partnership 
Project) studies D2D (Device to Device) communication for 
realizing direct communication between a plurality of ter 
minals without wireless base stations. 

0005. The D2D communication is assumed to be 
executed for public safety, for instance. For example, when 
each wireless base station stops functioning due to a disaster 
Such as an earthquake or a fire, it is possible to transmit 
useful information for saving lives of people between ter 
minals by executing the D2D communication. 
0006 Further, for example, the D2D communication is 
assumed to be executed to disperse a communication traffic 
in a wireless communication system. For example, by 
executing the D2D communication, it is possible to reduce 
a load at a higher level side than each wireless base station 
in the wireless communication system. 
0007 Further, wireless communication systems which 
each include a plurality of terminals and in which terminals 
directly communicate with each other are known (see, for 
example, Patent Literatures 1 to 11 and Non Patent Litera 
ture 1). 
0008. In the wireless communication systems disclosed 
in Patent Literatures 1 to 11 and Non Patent Literature 1, a 
plurality of neighboring terminals forms clusters (also 
referred to as groups). In each cluster, one terminal serves as 
a cluster head (also referred to as a group owner) and other 
terminals are cluster members. Each cluster member per 
forms communication via the cluster head. 

0009 Further, in the wireless communication systems 
disclosed in Patent Literatures 1 to 11 and Non Patent 
Literature 1, a parent terminal selects parent terminal can 
didates from a plurality of child terminals, and notifies the 
parent terminal candidates of a priority order. Thus, when a 
broadcast signal is not broadcast for a certain period of time, 
the parent terminal candidate serves as a new parent terminal 
in order according to the priority order and transmits broad 
cast signals. 
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SUMMARY 

0022. By the way, it is difficult to effectively utilize radio 
resources in the wireless communication systems disclosed 
in Patent Literatures 1 to 11 and Non Patent Literature 1 in 
SOC CaSCS. 

0023. According to one aspect, a wireless communication 
system includes a plurality of terminals and a wireless base 
station. Each of the plurality of terminals determines a 
priority of a local terminal related to transmission of a 
certain signal according to a certain rule when the certain 
signal is not received from the wireless base station (e.g., 
each of the plurality of terminals fails to receive the certain 
signal). 
0024. According to another aspect, a wireless communi 
cation system includes a plurality of terminals and a wireless 
base station. Each of the plurality of terminals changes a 
priority according to a state of a local terminal, the priority 
being related to transmission of a certain signal in place of 
the wireless base station. 

0025. According to another aspect, a wireless communi 
cation system includes a plurality of terminals and a wireless 
base station. A first terminal of the plurality of terminals 
controls transmission of a certain signal based on a priority 
of a second terminal of the plurality of terminals in response 
to reception of the certain signal, the certain signal being 
transmitted by the second terminal in place of the wireless 
base station, and the priority of the second terminal being 
related to the transmission of the certain signal. 
0026. According to another aspect, a wireless communi 
cation system includes a plurality of terminals and a wireless 
base station. A first terminal of the plurality of terminals 
notifies at least one of a second terminal of the plurality of 
terminals and a third terminal of the plurality of terminals of 
a timing difference in response to reception of a certain 
signal from each of the second terminal and the third 
terminal, while the certain signal is transmitted in place of 
the wireless base station. The timing difference is a differ 
ence between a timing at which the certain signal is received 
from the second terminal and a timing at which the certain 
signal is received from the third terminal. 
0027. 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. 
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0028. 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 

0029 FIG. 1 illustrates a block diagram illustrating a 
configuration example of a wireless communication system 
according to a first embodiment. 
0030 FIG. 2 illustrates a block diagram illustrating an 
example of a configuration of each terminal illustrated in 
FIG 1. 
0031 FIG. 3 illustrates a block diagram illustrating an 
example of a function of each terminal illustrated in FIG. 1. 
0032 FIG. 4 is a table illustrating an example of priority 
information stored in each terminal illustrated in FIG. 1. 
0033 FIG. 5 is a flowchart illustrating an example of a 
process executed by each terminal illustrated in FIG. 1 to 
control transmission of a synchronization signal. 
0034 FIG. 6 illustrates an explanatory view illustrating 
an example of an operation of the wireless communication 
system illustrated in FIG. 1. 
0035 FIG. 7 illustrates a block diagram illustrating an 
example of a function of each terminal according to Modi 
fied Example 1 of the first embodiment. 
0036 FIG. 8 is a table illustrating an example of point 
information stored in each terminal illustrated in FIG. 7. 
0037 FIG. 9 illustrates a block diagram illustrating an 
example of a function of each terminal according to Modi 
fied Example 2 of the first embodiment. 
0038 FIG. 10 illustrates a block diagram illustrating an 
example of a function of each terminal according to Modi 
fied Example 3 of the first embodiment. 
0039 FIG. 11 illustrates a block diagram illustrating an 
example of a function of each terminal according to a second 
embodiment. 
0040 FIG. 12 is a flowchart illustrating an example of a 
process executed by each terminal illustrated in FIG. 11 to 
control transmission of a synchronization signal. 
0041 FIG. 13 illustrates a block diagram illustrating an 
example of a function of each terminal according to Modi 
fied Example 1 of the second embodiment. 
0042 FIG. 14 is a flowchart illustrating an example of a 
process executed by each terminal illustrated in FIG. 13 to 
control transmission of a synchronization signal. 
0043 FIG. 15 illustrates a block diagram illustrating an 
example of a function of each terminal according to Modi 
fied Example 2 of the second embodiment. 
0044 FIG. 16 is a flowchart illustrating an example of a 
process executed by each terminal illustrated in FIG. 15 to 
control transmission of a synchronization signal. 
0045 FIG. 17 illustrates a block diagram illustrating an 
example of a function of each terminal according to a third 
embodiment. 
0046 FIG. 18 is a flowchart illustrating an example of a 
process executed by each terminal illustrated in FIG. 17 to 
control transmission of a synchronization signal. 
0047 FIG. 19 illustrates explanatory view illustrating an 
example of an operation of a wireless communication sys 
tem according to a fourth embodiment. 
0048 FIG. 20 illustrates a block diagram illustrating an 
example of a function of each terminal according to the 
fourth embodiment. 
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0049 FIG. 21 is a flowchart illustrating an example of a 
process executed by each terminal illustrated in FIG. 20 to 
control transmission of a synchronization signal. 
0050 FIG. 22 is a flowchart illustrating an example of a 
process executed by each terminal illustrated in FIG. 20 to 
control transmission of a synchronization signal. 
0051 FIG. 23 is a flowchart illustrating an example of a 
process executed by each terminal illustrated in FIG. 20 to 
control transmission of a synchronization signal. 
0.052 FIG. 24 illustrates a block diagram illustrating an 
example of a function of each terminal according to a fifth 
embodiment. 
0053 FIG. 25 is a flowchart illustrating an example of a 
process executed by each terminal illustrated in FIG. 24 to 
control transmission of a synchronization signal. 

DESCRIPTION OF EMBODIMENTS 

0054 Embodiments of the present invention will be 
described below with reference to the drawings. However, 
the embodiments described below are exemplary embodi 
ments. Hence, application of various deformations and tech 
niques which will not be explicitly described below to the 
embodiments is not excluded. In addition, in the drawings 
used in the following embodiments, components assigned 
the same reference numerals will indicate identical or same 
components unless changes or deformations are not explic 
itly described. 

First Embodiment 

0055 As described above, in wireless communication 
systems disclosed in Patent Literatures 1 to 11 and Non 
Patent Literature 1, a parent terminal serving as a cluster 
head (also referred to as a group owner) gives a notification 
of a priority order to child terminals serving as cluster 
members in advance. In this regard, application of tech 
niques disclosed in Patent Literatures 1 to 11 and Non Patent 
Literature 1 to a wireless communication system in which 
each terminal performs communication via each wireless 
base station will be assumed. 

0056. In this case, terminals move, and therefore unless 
each wireless base station determines and sends a notifica 
tion of a priority order every time a sufficiently short cycle 
passes, an appropriate terminal fails to be used as a cluster 
head when, for example, a disaster takes place. Hence, radio 
resources used to send a notification of the priority order are 
large. 
0057. Further, when each terminal of an idle state moves 
in the wireless communication system, and even when a 
wireless base station which is to be a connection destination 
of this terminal changes, this change is sometimes not 
notified to the wireless base station. Hence, there is a case 
where each wireless base station fails to recognize a terminal 
to be connected to this local wireless base station, which 
may result in failure of appropriately determination of a 
priority order. 
0.058 By the way, when a terminal serving as a cluster 
head is changed, radio resources are used by each cluster 
member to change a terminal which is to be a destination of 
connection. When a priority order fails to be appropriately 
determined, a terminal serving as a cluster head is frequently 
changed. Hence, in this case, radio resources used by each 
cluster member to change a terminal which is to be a 
destination of connection tend to be large. 
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0059. Further, when a priority order fails to be appropri 
ately determined, the number of cluster heads tends to be 
large. As the number of cluster heads is larger, radio 
resources used to perform communication between cluster 
heads and control cluster heads, for example, are greater. 
0060 Thus, in the above-described wireless communica 
tion systems, it is difficult to effectively utilize radio 
resources in some cases. By contrast with this, radio 
resources are effectively used in the present embodiment. 
0061. A wireless communication system according to the 

first embodiment will be described in detail below. 
0062 (Configuration) 
0063. As illustrated in FIG. 1, a wireless communication 
system 1 according to the first embodiment illustratively 
includes Mbase stations 10-1, 10-2, ..., and 10-M, and N 
terminals 20-1, 20-2, . . . , and 20-N. 
0064. In the present embodiment, the symbol M repre 
sents an integer equal to or more than 1. Hereinafter, a base 
station 10-m will be also referred to as a base station 10 
below when distinction is not needing. Here, the symbol m 
represents an integer from one to M. In the present embodi 
ment, the symbol N represents an integer equal to or more 
than two. Hereinafter, a terminal 20-in will be also referred 
to as a terminal 20 below when distinction is not needing. 
Here, the symbol in represents an integer from one to N. 
0065. The wireless communication system 1 performs 
wireless communication between the base stations 10 and 
the terminals 20 according to a predetermined wireless 
communication scheme. For example, the wireless commu 
nication scheme is an LTE-Advanced scheme. The LTE is an 
abbreviation of Long Term Evolution. In addition, the wire 
less communication scheme may be a scheme (e.g., an LTE 
or WiMAX (registered trademark) scheme different from the 
LTE-Advanced scheme. The WiMAX is an abbreviation of 
Worldwide Interoperability for Microwave Access. 
0066. In the present embodiment, each base station 10 
forms one wireless area. In addition, each base station 10 
may form a plurality of wireless areas. Each wireless area 
may be referred to as a coverage area or a communication 
area. For example, a wireless area is a cell Such as a 
macrocell, a microcell, a nanocell, a picocell, a femtocell, a 
home cell or a sector cell. 
0067. Further, each base station 10 may be an eNB 
(Evolved Node B), a NB (Node B), a macro base station, a 
micro base station, a nano base station, a pico base station, 
a femto base station or a home base station. Note that, each 
base station 10 is an example of a wireless base station. 
0068. In the present embodiment, each base station 10 is 
connected to a communication network (e.g., core network) 
NW which enables wired communication. In addition, each 
base station 10 may be connected to the communication 
network NW which enables wireless communication. An 
interface between the base station 10 and the communication 
network NW may be referred to as an S1 interface. Further, 
an interface between the base stations 10 may be referred to 
as an X2 interface. 
0069. Furthermore, each base station 10 and a portion 
closer to the communication network (i.e., upper level) NW 
side than each base station 10 in the wireless communication 
system 1 may be referred to as E-UTRAN. The E-UTRAN 
is an abbreviation of Evolved Universal Terrestrial Radio 
Access Network. 
0070. In the present embodiment, each terminal 20 may 
be referred to as a mobile station, a terminal device or a user 
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terminal (UE: User Equipment). For example, each terminal 
20 is a device Such as a mobile telephone, a Smartphone, a 
sensor or a meter (measuring equipment). Each terminal 20 
may be carried by a user, may be mounted on a moving body 
Such as a vehicle or may be fixed. 
0071. Each base station 10 transmits a synchronization 
signal (SS) in a wireless area. Each terminal 20 detects a 
synchronization signal in a wireless area including a position 
of the corresponding each terminal 20 to identify this 
wireless area, and synchronizes a communication timing 
with that of the base station 10 which forms this wireless 
aca. 

0072. Note that, that it is possible to identify a start time 
point of a radio frame of a radio signal is an example where 
communication timings are synchronized. Further, that it is 
possible to identify a start time point of a symbol of a radio 
signal is an example where communication timings are 
synchronized. Furthermore, that communication timings are 
synchronized between the base station 10 and the terminal 
20 in a wireless area formed by the base station 10 is an 
example where the base station 10 and the terminal 20 are 
connected. 

0073. A synchronization signal is an example of a signal 
used to detect a wireless area. The synchronization signal 
may be used to make frequencies used for wireless com 
munication match between the base station 10 and the 
terminal 20. The synchronization signal is an example of a 
certain signal. 
0074 Each base station 10 allocates radio resources to 
the terminal 20 with a synchronized communication timing 
in a wireless area formed by each local base station 10. In 
the present embodiment, radio resources may include a time 
and a frequency. In other words, the radio resources may be 
identified based on the time and the frequency. In a wireless 
area with a synchronized communication timing, each ter 
minal 20 performs wireless communication with the base 
station 10 by using radio resources allocated by the base 
station 10 forming this wireless area. 
(0075) Further, each terminal 20 performs direct wireless 
communication with terminals 20 (in other words, other 
terminals 20) different from the local terminal 20 when a 
synchronization signal from the base station 10 is not 
received (e.g., the local terminal 20 fails to receive the 
synchronization signal). In the present embodiment, part of 
the terminals 20 among the terminals 20 which do not 
receive synchronization signals yet from the base station 10 
operate as the terminal 20 which backs up at least part of 
functions of the base station 10. The terminal 20 which 
backs up at least the part of functions of the base station 10 
is also referred to as a cluster head 20 (also referred to as a 
group owner). The rest of the terminals 20 among the 
terminals 20 which do not receive synchronization signals 
yet from the base station 10 will be also referred to as cluster 
members 20 (also referred to as group members). 
0076. In the present embodiment, each cluster head 20 
forms a wireless area, and transmits a synchronization signal 
in the wireless area. Each cluster member 20 detects a 
synchronization signal in a wireless area including a position 
of the corresponding each cluster member 20 to identify this 
wireless area, and synchronize a communication timing with 
that of the cluster head 20 which forms this wireless area. 
That communication timings are synchronized between the 
cluster head 20 and the cluster members 20 in the wireless 
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area formed by the cluster head 20 is an example where the 
cluster head 20 and the cluster members 20 are connected. 

0077. Each cluster head 20 allocates radio resources to 
the cluster members 20 with the synchronized communica 
tion timings in a wireless area formed by each local terminal. 
In a wireless area with the synchronized communication 
timing, each cluster member 20 performs wireless commu 
nication with the cluster head 20 by using the radio resources 
allocated by the cluster head 20 forming this wireless area. 
For example, the cluster members 20 may communicate 
with the cluster head 20. Further, the cluster members 20 
may communicate with other cluster members 20 via the 
cluster head 20. Furthermore, the cluster members 20 may 
directly communicate with other cluster members 20 by 
using radio resources allocated by the cluster head 20. 
0078. In the present embodiment, the cluster members 20 
communicate with the cluster head 20 or other cluster 
members 20 by using radio resources allocated by the cluster 
head 20. By the way, the cluster members 20 may select 
radio resources to be used by the each local cluster member 
20 among predetermined radio resource candidate (also 
referred to as a resource pool), and communicate with the 
cluster head 20 or other cluster members 20 by using the 
selected radio resources. The same applies to other embodi 
ments and Modified Examples, too. 
0079. As illustrated in FIG. 2, the terminal 20 illustra 
tively includes an antenna 21, a memory 22, a CPU 23, a RF 
circuit 24, an LSI 25 and an input/output unit 26. The CPU 
is an abbreviation of a Central Processing Unit. The RF is an 
abbreviation of a Radio Frequency. The LSI is an abbrevia 
tion of Large Scale Integration. 
0080. The memory 22 stores information in a readable 
and writable way. For example, the memory 22 may be a 
RAM, a semiconductor memory or an organic memory. The 
RAM is an abbreviation of a Random Access Memory. The 
memory 22 may include a ROM. The ROM is an abbrevia 
tion of a Read Only Memory. 
I0081. The CPU 23 executes a program stored in the 
memory 22 to control the antenna 21, the memory 22, the RF 
circuit 24, the LSI 25 and the input/output unit 26. 
0082. The RF circuit 24 transmits and receives radio 
signals via the antenna 21. In the present embodiment, 
transmission and reception of the radio signals include 
conversion of digital signals and analog signals to and from 
each other, conversion of a frequency and amplification of 
the radio signals. 
0083. The LSI 25 processes a digital signal for perform 
ing wireless communication. The LSI 25 outputs the digital 
signal based on the radio signal to be transmitted, to the RF 
circuit 24. The LSI 25 receives an input of the digital signal 
based on the received radio signal, from the RF circuit 24. 
In addition, the LSI 25 may include a programmable logic 
device (PLD). 
0084. The input/output unit 26 receives an input of infor 
mation. For example, this information may be input by a 
user of the terminal 20. Further, the input/output unit 26 
outputs information. In the present embodiment, the input/ 
output unit 26 is a touch panel-type display. In addition, the 
input/output unit 26 may include a key-type button in 
addition to a display. Further, the input/output unit 26 may 
include a display of a different scheme from a touch panel 
type. 

Dec. 29, 2016 

I0085 (Function) 
0086. As illustrated in FIG. 3, the terminal 20 function 
ally includes a receiver 201, a data signal processor 202, a 
control signal processor 203, a synchronization signal detec 
tor 204, a timer 205 and a controller 206. The controller 206 
includes, for example, a priority information storage 207 and 
a priority determining unit 208. Further, the terminal 20 
functionally includes a synchronization signal generator 
209, a control signal generator 210, a data signal generator 
211 and a transmitter 212. 

I0087. In the present embodiment, the receiver 201 and 
the transmitter 212 are realized by the RF circuit 24. Further, 
in the present embodiment, the antenna 21 includes a 
reception antenna 21a and a transmission antenna 21b. In 
addition, the antenna 21 includes a duplexer, and one 
antenna may be shared by the duplexer for transmission and 
reception. 
I0088. In the present embodiment, the function units 202 
to 211 different from the receiver 201 and the transmitter 212 
among the functions of the terminal 20 are realized by the 
LSI 25. In addition, at least part of the function units 202 to 
211 may be realized by the CPU 23 and the memory 22. 
I0089. The receiver 201 executes a reception process for 
a radio signal received via the reception antenna 21a, and 
outputs an execution result as a received signal. For 
example, the reception process includes amplifying a radio 
signal, converting (in other words, down-converting) a radio 
frequency into a base frequency and converting an analog 
Signal into a digital signal. 
0090 Hereinafter, a communication state of the terminal 
20 will be described. In the present embodiment, the com 
munication state of the terminal 20 includes first to third 
communication states. 

0091. In the first communication state, the terminal 20 
receives a synchronization signal transmitted at the base 
station 10 without transmitting a synchronization signal, and 
communicates with the base station 10 based on the received 
synchronization signal. 
0092. In the second communication state, the terminal 20 
receives a synchronization signal transmitted at the another 
terminal 20 without transmitting a synchronization signal, 
and communicates with the another terminal 20 or the still 
another terminal 20 whose communication state is the 
second communication state based on the received synchro 
nization signal. That the communication state of the terminal 
20 is the second communication state is an example where 
the terminal 20 is used as a cluster member. 

0093. In the third communication state, the terminal 20 
transmits a synchronization signal, and communicates with 
the another terminal 20 which has received the synchroni 
Zation signal. That the communication state of the terminal 
20 is the third communication state is an example where the 
terminal 20 is used as a cluster head. 

0094. Next, an operation mode of the terminal 20 will be 
described. 

0095. In the present embodiment, the terminal 20 oper 
ates in one operation mode among a plurality of operation 
modes. A plurality of operation modes includes a first 
operation mode and a second operation mode. 
0096. In the present embodiment, when the terminal 20 
operates in the first operation mode, the communication 
state of the terminal 20 is the first or second communication 
state. Hence, in the present embodiment, when the terminal 
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20 operates in the first operation mode, the terminal 20 is 
Sometimes used as a cluster member. 

0097. Further, in the present embodiment, when the ter 
minal 20 operates in the second operation mode, the com 
munication state of the terminal 20 is the third communi 
cation state. Hence, in the present embodiment, when the 
terminal 20 operates in the second operation mode, the 
terminal 20 is used as a cluster head. 

0098. The first operation mode is an operation mode that 
the terminal 20 communicates with the base station 10 or the 
another terminal 20 operating in the first operation mode or 
the second operation mode. In the first operation mode, the 
terminal 20 receives a synchronization signal from the base 
station 10 or the another terminal 20 operating in the second 
operation mode. Further, in the first operation mode, the 
terminal 20 identifies a wireless area based on the received 
synchronization signal, and synchronizes a communication 
timing with that of the base station 10 or the another terminal 
20 forming this wireless area. 
0099. In addition, in the first operation mode, in the 
wireless area with the synchronized communication timing, 
the terminal 20 performs wireless communication with the 
base station 10 and the another terminal 20 operating in the 
first operation mode or the second operation mode. This 
wireless communication is performed by using radio 
resources allocated by the base station 10 or the another 
terminal 20 forming the above wireless area. 
0100. An example where the terminal 20 performs wire 
less communication by using radio resources allocated by 
the another terminal 20 forming a wireless area is described 
herein. By the way, the terminal 20 may select radio 
resources to be used by the local terminal 20, from a 
predetermined radio resource candidate (also referred to as 
a resource pool). In this case, the terminal 20 may perform 
wireless communication with the another terminal 20 oper 
ating in the first operation mode or the second operation 
mode by using the selected radio resources. 
0101 The second operation mode is an operation mode 
that the terminal 20 communicates with the another terminal 
20 operating in the first operation mode. In the second 
operation mode, the terminal 20 transmits a synchronization 
signal. Further, in the second operation mode, the terminal 
20 allocates radio resources to other terminals 20 positioned 
in a wireless area formed by the local terminal 20. In 
addition, in the second operation mode, the terminal 20 
performs wireless communication with the another terminal 
20 by using radio resources allocated to the another terminal 
20. 

0102 The data signal processor 202 processes a data 
signal from the radio resources allocated to the local termi 
nal 20 by the base station 10 or the another terminal 20 in 
the first operation mode. 
0103) Further, the data signal processor 202 processes a 
data signal from radio resources allocated to the another 
terminal 20 by the local terminal 20 in the second operation 
mode. 

0104. In the present embodiment, the data signal proces 
Sor 202 executes a demodulation/decoding process for the 
data signal. In the present embodiment, the demodulation/ 
decoding process includes a process of demodulating a data 
signal, and an error correction decoding process based on an 
error correction coding performed on a data signal. In 
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addition, the demodulation/decoding process may include an 
error detection process based on an error detection code 
added to a data signal. 
0105. The control signal processor 203 processes a con 
trol signal from the radio resources allocated by the base 
station 10 or the another terminal 20 in the first operation 
mode. 
0106 Further, the control signal processor 203 processes 
the control signal from the radio resources allocated by the 
local terminal 20 in the second operation mode. 
0107. In the present embodiment, the control signal pro 
cessor 203 executes a demodulation/decoding process for 
the control signal. In the present embodiment, the demodu 
lation/decoding process includes a process of demodulating 
a control signal, and an error correction decoding process 
based on an error correction coding performed on the control 
signal. In addition, the demodulation/decoding process may 
include an error detection process based on an error detec 
tion code added to a control signal. 
0108. The synchronization signal detector 204 detects a 
synchronization signal based on the received signal output 
by the receiver 201. The synchronization signal detector 204 
outputs the detection result. 
0109 The synchronization signal detector 204 deter 
mines whether or not a state where a synchronization signal 
is not detected continues for a certain determination time or 
more, by using the timer 205 in the first operation mode. In 
the present embodiment, the determination time has a pre 
determined value. The synchronization signal detector 204 
outputs the determination result in the first operation mode. 
0110. The controller 206 identifies a wireless area based 
on a detection result from the synchronization signal detec 
tor 204 in the first operation mode. Further, the controller 
206 performs control to synchronize a communication tim 
ing with that of the base station 10 or the another terminal 
20 forming the above wireless area, based on the detection 
result from the synchronization signal detector 204 in the 
first operation mode. 
0111. In addition, the controller 206 performs control to 
perform wireless communication with the base station 10 or 
the another terminal 20 by using the radio resources allo 
cated by the base station 10 or the another terminal 20 
forming the above wireless area in the first operation mode. 
0112 Further, the controller 206 switches the operation 
mode of the terminal 20 to the second operation mode when 
the determination result from the synchronization signal 
detector 204 indicates that the state where the synchroniza 
tion signal is not detected continues for the determination 
time or more in the first operation mode. 
0113. When the controller 206 switches the operation 
mode of the terminal 20 from the first operation mode to the 
second operation mode, the priority determining unit 208 
determines a priority of the local terminal 20. 
0114. As described below, the terminal 20 having a 
higher priority can more easily select the second operation 
mode for transmitting a synchronization signal. In other 
words, the terminal 20 having a lower priority can easily 
select the first operation mode for not transmitting a syn 
chronization signal. Thus, the priority represents an extent of 
the priority of transmission of a synchronization signal at the 
terminal 20 in place of the base station 10. The priority is an 
example of information related to transmission of a syn 
chronization signal transmitted in place of the base station 
10. 
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0115 The priority information storage 207 stores in 
advance priority information indicating a relationship 
between information related to the terminal 20 and a priority. 
Storage of priority information is an example where priority 
information is held. As illustrated in FIG. 4, in the present 
embodiment, priority information is table format data. Fur 
ther, in the present embodiment, a priority is higher as a 
value is smaller. The priority information may be distributed 
to each terminal 20 in the wireless communication system 1. 
0116. The information related to the terminal 20 illustra 
tively includes a user type, a terminal position, whether or 
not power is Supplied, a remaining amount of a battery, 
availability of other communication functions and availabil 
ity of a GPS function. The GPS is an abbreviation of a 
Global Positioning System. 
0117 The user type represents a type of a user who 
possesses the terminal 20. Whether or not power is supplied 
represents whether or not power is supplied to the terminal 
20. The remaining amount of the battery represents remain 
ing power of the battery of the terminal 20. The availability 
of other communication functions represents whether or not 
the terminal 20 can use communication schemes different 
from a communication scheme used to perform wireless 
communication with the base station 10. The availability of 
the other communication functions is an example where the 
number of communication schemes which the terminal 20 
can use is two or more. For example, the other communi 
cation functions may be functions which comply with wire 
less LAN (Local Area Network) systems. The availability of 
the GPS function represents whether or not the terminal 20 
includes the GPS function. 

0118. The information related to the terminal 20 may 
include at least one of whether the terminal 20 is positioned 
indoor or outdoor, a speed at which the terminal 20 moves, 
performance of the antenna of the terminal 20, transmission 
power of the terminal 20 and a billing state of the terminal 
20. For example, the terminal 20 may obtain the number of 
GPS satellites which are transmission sources of GPS sig 
nals based on received GPS signals, and determine whether 
the terminal 20 is positioned indoor or outdoor, based on the 
obtained number of GPS satellites. 

0119 Further, the information related to the terminal 20 
may be a combination of one or two or more pieces of the 
information illustrated above. 
0120. The type of the user whose possesses the terminal 
20, and adequacy that the terminal 20 is used as a cluster 
head are correlated. When, for example, performance of the 
terminal 20 differs, the terminals 20 which police officers, 
firefighters or civil servants possess are sometimes more 
suitably used as cluster head than the terminals 20 which 
ordinary people possess. The performance of the terminal 20 
is, for example, a security strength, an information process 
ing speed or a communication speed. 
0121 The position of the terminal 20, and adequacy that 
the terminal 20 is used as a cluster head are correlated. For 
example, the terminal 20 positioned in an urban area tends 
to have a larger number of the other communicable terminals 
20 than the terminal 20 positioned in a suburb, and therefore 
is sometimes Suitably used as a cluster head. Further, as, for 
example, a height of the terminal 20 is higher, a probability 
that an obstacle exists lowers. Hence, as the height is higher, 
the terminal 20 tends to have a larger number of other 
communicable terminals 20, and therefore is sometimes 
Suitably used as a cluster head. 
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I0122) Whether the terminal 20 is positioned indoor or 
outdoor, and adequacy that the terminal 20 is used as a 
cluster head are correlated. For example, the terminal 20 
existing outdoor tends to have a larger number of other 
communicable terminals 20 than the terminals 20 existing 
indoor, and therefore is sometimes Suitably used as a cluster 
head. 

I0123. Whether or not power is supplied to the terminal 
20, and adequacy that the terminal 20 is used as a cluster 
head are correlated. For example, the terminal 20 to which 
power is Supplied is assumed to be able to operate for a 
longer period than the terminal 20 to which power is not 
Supplied, and therefore is sometimes Suitably used as a 
cluster head. 

0.124. The remaining amount of the battery of the termi 
nal 20, and adequacy that the terminal 20 is used as a cluster 
head are correlated. For example, as the remaining amount 
of the battery is higher, the terminal 20 is assumed to be able 
to operate for a longer period, and therefore is sometimes 
Suitably used as a cluster head. 
0.125. The speed at which the terminal 20 moves, and 
adequacy that the terminal 20 is used as a cluster head are 
correlated. For example, as the moving speed becomes 
slower, the terminal 20 is assumed to be able to maintain 
connection with cluster members for a longer period, and 
therefore is sometimes Suitably used as a cluster head. 
0.126 The performance of the antenna of the terminal 20, 
and adequacy that the terminal 20 is used as a cluster head 
are correlated. For example, as the performance of the 
antenna is higher, the terminal 20 tends to have a larger 
number of the other communicable terminals 20, and there 
fore is sometimes suitably used as a cluster head. For 
example, the performance of the antenna may be an antenna 
gain. 
I0127. Further, the terminal 20 including the antenna 
which does not have directionality tends to have a larger 
number of the other communicable terminals 20 than the 
terminal 20 including the antenna which has directionality, 
and therefore is sometimes Suitably used as a cluster head. 
I0128. The transmission power of the terminal 20, and the 
adequacy that the terminal 20 is used as a cluster head are 
correlated. For example, as the transmission power is higher, 
the terminal 20 tends to have a larger number of the other 
communicable terminals 20, and therefore is sometimes 
Suitably used as a cluster head. 
I0129. The number of usable communication schemes by 
the terminal 20, and adequacy that the terminal 20 is used as 
a cluster head are correlated. For example, as the terminal 20 
has a larger number of usable communication schemes, and 
therefore is sometimes Suitably used as a cluster head since 
a probability that it is possible to communicate with another 
device by using one of the communication schemes is high. 
I0130. The availability of the GPS function of the terminal 
20, and adequacy that the terminal 20 is used as a cluster 
head are correlated. For example, the terminal 20 including 
the GPS function can obtain an accurate time which serves 
as a synchronization reference, by receiving a GPS signal, 
and therefore is sometimes Suitably used as a cluster head. 
I0131 The billing state of the terminal 20, and adequacy 
that the terminal 20 is used as a cluster head are correlated. 
For example, to what degree the terminal 20 is suitably used 
as a cluster head is sometimes determined according to a 
billing amount. 
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0.132. In the present embodiment, the priority determin 
ing unit 208 obtains information related to the terminal 20. 
For example, the priority determining unit 208 may detect 
whether or not power is Supplied, and a remaining amount 
of the battery. For example, the priority determining unit 208 
may store information indicating a user type, availability of 
other communication functions and availability of the GPS 
function in advance, and obtain the stored information. 
0133. The priority determining unit 208 determines a 
priority of the local terminal 20 based on the obtained 
information related to the terminal 20, and priority infor 
mation stored in the priority information storage 207. 
0134 Consequently, the terminal 20 can appropriately 
determine the priority of the local terminal 20. Further, 
determination of the priority of the local terminal 20 based 
on the priority information is an example where the priority 
of the local terminal 20 is determined according to a certain 
rule. 
0135 Thus, the terminal 20 determines the priority of the 
local terminal 20 related to transmission of a synchroniza 
tion signal according to the certain rule when the synchro 
nization signal is not received from the base station 10. 
0.136 Consequently, a notification of a priority to the 
terminal 20 from the base station 10 can be made unneces 
sary. As a result, it is possible to effectively use radio 
SOUCS. 

0.137 The controller 206 determines whether or not a 
synchronization signal has been received from the another 
terminal 20 until a standby time passes after the operation 
mode of the terminal 20 is switched from the first operation 
mode to the second operation mode. The standby time may 
be set to a shorter time as the priority determined by the 
priority determining unit 208 is higher. In the present 
embodiment, the controller 206 stores in advance informa 
tion indicating a relationship between the priority and the 
standby time, and determines the standby time based on the 
determined priority and the stored information. 
0.138. When determining that the synchronization signal 
has been received from the another terminal 20 until the 
standby time passes after the operation mode is Switched 
from the first operation mode to the second operation mode, 
the controller 206 switches the operation mode of the 
terminal 20 from the second operation mode to the first 
operation mode. 
0.139. When determining that the synchronization signal 
has not been received from the another terminal 20 until the 
standby time passes after the operation mode is Switched 
from the first operation mode to the second operation mode, 
the controller 206 controls the synchronization signal gen 
erator 209 to start transmitting synchronization signals. 
0140 Thus, the terminal 20 starts transmitting a synchro 
nization signal when not receiving the synchronization sig 
nal until the standby time corresponding to the determined 
priority passes. In other words, the terminal 20 determines 
whether or not to transmit a synchronization signal in place 
of the base station 10 according to the priority. 
0141 Consequently, the terminal 20 having a higher 
priority can increase a probability that the terminal 20 is 
used as a cluster head. Further, it is possible to prevent 
synchronization signals from being unnecessarily transmit 
ted. 
0142. The synchronization signal generator 209 gener 
ates a synchronization signal associated with the priority 
determined by the priority determining unit 208 in the 
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second operation mode. In the present embodiment, the 
synchronization signal generator 209 associates a priority 
and an identifier for identifying a Zadoff-Chu sequence in 
advance to store, and generates a synchronization signal by 
using the Zadoff-Chu sequence identified based on the 
identifier associated with the determined priority. Conse 
quently, the another terminal 20 having received the Syn 
chronization signal can recognize the priority associated 
with this synchronization signal. 
0143. The synchronization signal generator 209 outputs 
the generated Synchronization signal to transmit the Syn 
chronization signal by using predetermined radio resources 
under control of the controller 206. 
0144. The control signal generator 210 generates a con 
trol signal indicating control information. In the present 
embodiment, the control signal generator 210 executes a 
coding/modulation process for the generated control signal. 
In the present embodiment, the coding/modulation process 
includes a process of performing error correction coding for 
a control signal and a process of modulating the control 
signal. In addition, the coding/modulation process may 
include a process of adding an error detection code for the 
control signal. 
0145 The control signal generator 210 outputs the gen 
erated control signal to transmit the control signal by using 
radio resources allocated to the local terminal 20 by the base 
station 10 or the another terminal 20 in the first operation 
mode. 
0146). Further, the control signal generator 210 outputs 
the generated control signal to transmit the control signal by 
using the radio resources allocated to the another terminal 20 
by the local terminal 20 in the second operation mode. 
0147 The data signal generator 211 generates a data 
signal indicating user data. In the present embodiment, the 
data signal generator 211 executes a coding/modulation 
process for the generated data signal. In the present embodi 
ment, the coding/modulation process includes a process of 
performing error correction coding for a data signal and a 
process of modulating the data signal. In addition, the 
coding/modulation process may include a process of adding 
an error detection code for the data signal. 
0.148. The data signal generator 211 outputs the generated 
data signal to transmit the data signal by using the radio 
resources allocated to the local terminal 20 by the base 
station 10 or the another terminal 20 in the first operation 
mode. 
0149 Further, the data signal generator 211 outputs the 
generated data signal to transmit the data signal by using the 
radio resources allocated to the another terminal 20 by the 
local terminal 20 in the second operation mode. 
0150. The transmitter 212 executes a transmission pro 
cess for signals output from each of the function units 209 
to 211, and transmits a radio signal which is an execution 
result via the transmission antenna 21b. For example, the 
transmission process includes converting a digital signal into 
an analog signal, converting a base frequency into a radio 
frequency (in other words, up-conversion) and amplifying 
the radio signal. 
0151 (Operation) 
0152 Next, an operation of the wireless communication 
system 1 will be described with reference to FIGS. 5 and 6. 
Hereinafter, part of the operation of the wireless communi 
cation system 1 related to transmission of a synchronization 
signal at the terminal 20 will be described. 
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0153. As illustrated in the flowchart in FIG. 5, the ter 
minal 20 determines whether or not a synchronization signal 
from the base station 10 or the another terminal 20 is 
detected until the determination time passes when the ter 
minal 20 operates in the first operation mode (step S101 in 
FIG. 5). 
0154) In this regard, it is assumed that the terminal 20 
does not detect a synchronization signal from the base 
station 10 or the another terminal 20 until the determination 
time passes. In this case, the terminal 20 determines “No”. 
and determines a priority according to the rule (step S102 in 
FIG. 5). In the present embodiment, the terminal 20 obtains 
information related to the terminal 20, and determines the 
priority based on the obtained information and the stored 
priority information. 
0155 That the synchronization signal is not detected until 
the determination time passes represents that a state where 
the synchronization signal is not detected continues for the 
determination time or more. In the present embodiment, that 
the terminal 20 determines No in step S101 in FIG. 5 
represents that the operation mode of the terminal 20 is 
switched from the first operation mode to the second opera 
tion mode. In the present embodiment, the terminal 20 
determines a priority based on the stored priority informa 
tion. In addition, the processes in steps S101 and S102 in 
FIG. 5 may be executed in order reverse to the order 
illustrated in FIG. 5. 
0156 Next, the terminal 20 determines whether or not a 
synchronization signal from the another terminal 20 is 
detected until the standby time corresponding to the deter 
mined priority passes (step S103 in FIG. 5). 
0157 Hereinafter, a case where the synchronization sig 
nal from the another terminal 20 is not detected until the 
standby time passes will be assumed. In this case, the 
terminal 20 determines “No”, and transmits a synchroniza 
tion signal corresponding to the priority (step S104 in FIG. 
5). Subsequently, the terminal 20 continues transmitting 
synchronization signals. 
0158. In addition, the terminal 20 determines “Yes” when 
detecting the synchronization signal from the base station 10 
or the another terminal 20 until the determination time 
passes in step S101 in FIG. 5. In this case, the terminal 20 
synchronizes a communication timing with that of the base 
station 10 or the another terminal 20 which has transmitted 
the synchronization signal, based on the detected synchro 
nization signal (step S105 in FIG. 5). Subsequently, the 
terminal 20 returns to step S101 in FIG. 5 to repeatedly 
execute the processes in steps S101 to S105. 
0159. Further, the terminal 20 determines “Yes” when 
detecting the synchronization signal from the another ter 
minal 20 until the standby time passes in step S103 in FIG. 
5. In the present embodiment, that the terminal 20 deter 
mines “Yes” in step S103 in FIG. 5 represents that the 
operation mode of the terminal 20 is switched from the 
second operation mode to the first operation mode. In this 
case, the terminal 20 synchronizes a communication timing 
with that of the base station 10 or the another terminal 20 
which has transmitted a synchronization signal, based on the 
detected synchronization signal (step S105 in FIG. 5). 
Subsequently, the terminal 20 returns to step S101 in FIG. 5 
to repeatedly execute the processes in steps S101 to S105. 
0160 For example, a case where, as illustrated in FIG. 6, 
the wireless communication system 1 includes the ten ter 
minals 20-1, 20-2, ... and 20-10 will be assumed. In this 

Dec. 29, 2016 

case, a case where each terminal 20 fails to receive a 
synchronization signal from the base station 10 will be 
assumed. 
0.161 Further, in this case, a case where the priorities of 
the terminals 20-1 and 20-2 are higher than priorities of the 
other terminals 20-3, 20-4, ..., and 20-10 will be assumed. 
In this case, the terminals 20-1 and 20-2 start transmitting 
synchronization signals earlier than the other terminals 20-3, 
20-4, . . . and 20-10. 
0162. In the present embodiment, a case where the other 
terminals 20-3, 20-4. . . . and 20-6 are positioned in a 
wireless area 30-1 formed by the terminal 20-1 will be 
assumed. Further, in the present embodiment, a case where 
the other terminals 20-7, 20-8. . . . and 20-10 are positioned 
in a wireless area 30-2 formed by the terminal 20-2 will be 
assumed. 
(0163. In this case, the other terminals 20-3, 20-4. . . . and 
20-10 receive synchronization signals from the terminal 
20-1 or 20-2 until the standby time passes. 
0164 Hence, in the present embodiment, the terminals 
20-1 and 20-2 operate in the second operation mode. Fur 
ther, the other terminals 20-3, 20-4. . . . and 20-10 operate 
in the first operation mode. 
0.165. As described above, in the wireless communication 
system 1 according to the first embodiment, each of a 
plurality of terminals 20 determines the priority of the local 
terminal 20 related to transmission of a synchronization 
signal according to the certain rule when not receiving a 
synchronization signal from the base station 10. 
0166 Consequently, a notification of the priority to the 
terminal 20 from the base station 10 can be made unneces 
sary. As a result, it is possible to effectively use radio 
SOUCS. 

0167. In addition, the terminal 20 may determine the 
priority based on information input by a user of the local 
terminal 20. 
0.168. Further, each synchronization signal need not to be 
associated with a priority. In this case, information indicat 
ing a priority may be transmitted together with each Syn 
chronization signal. 

Modified Example 1 of First Embodiment 

0169. Next, a wireless communication system according 
to Modified Example 1 of the first embodiment of the 
present invention will be described. The wireless commu 
nication system according to Modified Example 1 of the first 
embodiment differs from the wireless communication sys 
tem according to the first embodiment in assigning weights 
to a plurality of pieces of element information included 
information related to each terminal, and determining a 
priority. Such a difference will be mainly described below. 
In addition, in description of Modified Example 1 of the first 
embodiment, components assigned the same reference 
numerals as those used in the first embodiment will be 
identical or Substantially same components. 
0170 As illustrated in FIG. 7, a terminal 20A according 
to Modified Example 1 functionally includes a controller 
206A instead of the controller 206 in FIG. 3. The controller 
206A includes the same functions as those of the controller 
206 except that the controller 206A includes a point infor 
mation storage 213A and a priority calculator 214A instead 
of the priority information storage 207 and the priority 
determining unit 208. 
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0171 The point information storage 213A stores in 
advance point information indicating a relationship between 
information contents and points for each of a plurality of 
pieces of element information included in the information 
related to the terminal 20A. Storage of the point information 
is an example where point information is held. As illustrated 
in FIG. 8, in this example, the point information is table 
format data. 
0172. The priority calculator 214A calculates a total sum 
of points for a plurality of pieces of element information 
based on the relationship stored in the point information 
storage 213A. The priority calculator 214A determines the 
priority based on the calculated total sum of the points. In 
this example, the priority calculator 214A determines the 
calculated total sum of the points as the priority. Determi 
nation of the priority based on the total sum of the points is 
an example where weights are assigned to a plurality of 
pieces of element information included in the information 
related to the terminal 20A and determining a priority. 
0173 By the way, an influence on adequacy that the 
terminal 20A is used as a cluster head differs per element 
information. Consequently, the terminal 20A according to 
Modified Example 1 can reflect the difference of the influ 
ence in the priority. As a result, it is possible to appropriately 
determine the priority. 

Modified Example 2 of First Embodiment 
0.174 Next, a wireless communication system according 
to Modified Example 2 of the first embodiment of the 
present invention will be described. The wireless commu 
nication system according to Modified Example 2 of the first 
embodiment differs from the wireless communication sys 
tem according to the first embodiment in determining a 
priority based on a pseudo random number. Such a differ 
ence will be mainly described below. In addition, in descrip 
tion of Modified Example 2 of the first embodiment, com 
ponents assigned the same reference numerals as those used 
in the first embodiment will be identical or substantially 
same components. 
(0175. As illustrated in FIG. 9, a terminal 20B according 
to Modified Example 2 functionally includes a controller 
206B instead of the controller 206 in FIG. 3. The controller 
206B includes the same functions as those of the controller 
206 except that the controller 206B includes a pseudo 
random number generator 215B and a priority determining 
unit 208B instead of the priority information storage 207 and 
the priority determining unit 208. 
0176 The pseudo random number generator 215B gen 
erates pseudo random numbers. In this example, the pseudo 
random number generator 215B generates a pseudo random 
number by using as a seed a combination of a terminal 
identifier for identifying the terminal 20B and a current time. 
0177. The priority determining unit 208B determines a 
priority based on the pseudo random number generated by 
the pseudo random number generator 215.B. For example, 
the priority determining unit 208B may store in advance 
information indicating a relationship between a pseudo 
random number and a priority, and determine a priority 
based on the stored information and the generated pseudo 
random number. Further, the priority determining unit 208B 
may determine the generated pseudo random number as a 
priority. 
(0178. The terminal 20B according to Modified Example 
2 can reduce a probability that the priorities match between 
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the terminals 20B. As a result, it is possible to prevent 
synchronization signals from being unnecessarily transmit 
ted. 
0179. Further, in this example, as the number of values of 
pseudo random numbers to be generated is larger, it is 
possible to further reduce the probability that the priorities 
match between the terminals 20B. 

Modified Example 3 of First Embodiment 
0180. Next, a wireless communication system according 
to Modified Example 3 of the first embodiment of the 
present invention will be described. The wireless commu 
nication system according to Modified Example 3 of the first 
embodiment differs from the wireless communication sys 
tem according to the first embodiment in determining a 
priority based on the number of communicable terminals. 
Such a difference will be mainly described below. In addi 
tion, in description of Modified Example 3 of the first 
embodiment, components assigned the same reference 
numerals as those used in the first embodiment will be 
identical or Substantially same components. 
0181. As illustrated in FIG. 10, a terminal 20O according 
to Modified Example 3 functionally includes a controller 
206C instead of the controller 206 in FIG. 3. The controller 
206C includes the same functions as those of the controller 
206 except that the controller 206C includes a terminal 
detection processor 216C and a priority determining unit 
208C instead of the priority information storage 207 and the 
priority determining unit 208. 
0182. The terminal detection processor 216C executes a 
terminal detection process. The terminal detection process is 
a process of detecting the other terminals 20O which can 
communicate with the local terminal 20O. The terminal 
detection process may be referred to as D2D Discovery. 
0183 In this example, the terminal detection process 
includes a process of generating a probe signal (also referred 
to as a discovery signal), and outputting the generated probe 
signal to the transmitter 212 to transmit the probe signal. The 
other terminals 20O transmit response signals in response to 
reception of the probe signal. In addition, information 
related to a probe signal may be broadcast or may be notified 
by using a paging signal. For example, the information 
related to the probe signal includes a timing to transmit the 
probe signal, and information for identifying the probe 
signal. 
0.184 Further, the terminal detection process includes a 
process of detecting the other terminals 20O which can 
communicate with the local terminal 20O by detecting a 
response signal from a received signal output by the receiver 
201. 

0185. The terminal detection processor 216C outputs the 
number of detected terminals. The number of detected 
terminals is a number of the other terminals 20O which can 
communicate with the local terminal 20O detected by the 
terminal detection process. 
0186. In addition, the terminal detection processor 216C 
may execute the terminal detection process in the first 
operation mode. 
0187. The priority determining unit 208C determines a 
priority based on the number of detected terminals output by 
the terminal detection processor 216C. In this example, the 
priority determining unit 208C determines a higher priority 
as the number of detected terminals is larger. 
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0188 Consequently, it is possible to reduce the number of 
cluster heads. Thus, it is possible to reduce radio resources 
used to perform communication between cluster heads and 
control cluster heads, for example. 
0189 In this example, the priority determining unit 208C 
stores in advance information indicating a relationship 
between the number of detected terminals and a priority, and 
determines the priority based on the stored information and 
the number of detected terminals output by the terminal 
detection processor 216C. 
(0190. Thus, the terminal 200 according to Modified 
Example 3 executes a process of detecting the other termi 
nals 20O, and determines a priority of the local terminal 20O 
based on the number of the other terminals 20O detected by 
this process. 
0191 Consequently, it is possible to reflect the number of 
the terminals 20O with which the each terminal 20O can 
communicate in the priority. Consequently, it is possible to 
appropriately determine the priority. 
0.192 In addition, the terminal 20O may determine a 
higher priority as the number of the other terminals 20O 
which have detected the local terminal 20O by the terminal 
detection process is larger. 
0193 In this case, the terminal 20O may detect the other 
terminals 20O which have transmitted a probe signal as the 
other terminals 20O which have detected the local terminal 
20C by the terminal detection process by detecting the probe 
signal from a received signal. In addition, the probe signal 
may include an identifier for identifying the transmission 
source terminal 20O. Further, the terminal 20O may obtain 
the number of received probe signals as the number of the 
other terminals 20O which have detected the local terminal 
20C by the terminal detection process. 
0194 Consequently, it is possible to reduce the number of 
cluster heads. Thus, it is possible to reduce radio resources 
used to perform communication between cluster heads and 
control cluster heads, for example. 

Second Embodiment 

0.195 Next, a wireless communication system according 
to the second embodiment of the present invention will be 
described. The wireless communication system according to 
the second embodiment differs from the wireless commu 
nication system according to the first embodiment in chang 
ing a priority according to a state of each terminal. Such a 
difference will be mainly described below. In addition, in 
description of the second embodiment, components assigned 
the same reference numerals as those used in the first 
embodiment will be identical or substantially same compo 
nentS. 

0196. When a state of each terminal changes after a 
priority order is determined in wireless communication 
systems disclosed in Patent Literatures 1 to 11 and Non 
Patent Literature 1, each terminal fails to reflect this change 
in the priority order. 
0.197 By the way, when a terminal serving as a cluster 
head is changed, radio resources are used by each cluster 
member to change a terminal which is to be a destination of 
connection. When the priority order fails to be appropriately 
determined, a terminal serving as a cluster head is frequently 
changed in some cases. Hence, in this case, radio resources 
used by each cluster member to change a terminal which is 
to be a destination of connection tend to be larger. 
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0198 Further, when the priority order fails to be appro 
priately determined, the number of cluster heads tends to be 
larger. As the number of cluster heads is larger, radio 
resources used to perform communication between cluster 
heads and control cluster heads, for example, are greater. 
Further, in the above wireless communication systems, a 
synchronization signal is unnecessarily transmitted in some 
CaSCS. 

0199 Thus, in the above wireless communication sys 
tems, it is difficult to effectively utilize radio resources in 
Some cases. By contrast with this, in the present embodi 
ment, radio resources are effectively used. 
0200. The wireless communication system according to 
the second embodiment will be described in detail below. 
0201 (Function) 
0202 As illustrated in FIG. 11, a terminal 20D according 
to the second embodiment functionally includes a controller 
206D instead of the controller 206 in FIG. 3. The controller 
206D includes the same functions as those of the controller 
206 except for performing control to change a priority of the 
local terminal 20D and stop transmitting synchronization 
signals. 
0203 The controller 206D changes the priority deter 
mined by the priority determining unit 208 according to a 
state of the local terminal 20D. 
0204. In the present embodiment, the controller 206D 
makes the priority of the local terminal 20D higher as a time 
from starting transmitting a synchronization signal at the 
local terminal 2.0D is longer. 
0205 The terminal 20D which has passed a longer time 
from starting transmitting a synchronization signal has a 
larger number of the other terminals 20D which change 
operation modes and a larger number of cluster members 
which change the terminal 20D which is to be a destination 
of connection in response to a change from a cluster head to 
a cluster member. 
0206 By contrast with this, according to the terminal 
20D according to the second embodiment, the terminal 20D 
which has passed a longer time from starting transmitting a 
synchronization signal is hardly changed from a cluster head 
to a cluster member. Thus, the terminal 20D serving as a 
cluster head is hardly frequently changed. Further, it is thus 
possible to reduce the number of the terminals 20D which 
change operation modes and the number of cluster members 
which change the terminal 20D which is to be a destination 
of connection. As a result, it is possible to reduce radio 
resources used by each cluster member to change the 
terminal 20D which is to be a destination of connection. 
Consequently, it is possible to effectively use radio 
SOUCS. 

0207 For example, the controller 206D stores in advance 
information indicating a relationship between a time and a 
priority, and updates the priority based on the stored infor 
mation and a time from starting transmitting synchronization 
signals at the local terminal 20D. 
(0208. Further, for example, the controller 206D may 
Subtract a certain change from the priority every time a 
certain update cycle passes. 
0209 Furthermore, the controller 206D determines 
whether or not synchronization signals from the other ter 
minals 20D have been detected, based on the detection result 
from the synchronization signal detector 204 in the second 
operation mode. When determining that the synchronization 
signals from the other terminals 20D have been detected, the 
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controller 206D controls transmission of a synchronization 
signal at the local terminal 20D based on the priority 
associated with each of the detected synchronization signals. 
0210 Consequently, the terminal 20D having a higher 
priority can increase a probability that the terminal 20D 
having a higher priority is used as a cluster head. Further, it 
is possible to prevent synchronization signals from being 
unnecessarily transmitted. 
0211. In the present embodiment, the controller 206D 
Switches the operation mode from the second operation 
mode to the first operation mode when the priority associ 
ated with each of the detected synchronization signals is 
higher than the priority of the local terminal 20D. Hence, in 
this case, the controller 206D stops transmitting synchroni 
zation signals at the local terminal 20D. 
0212. Meanwhile, the priority associated with each of the 
detected synchronization signals is lower than the priority of 
the local terminal 20D, the controller 206D maintains the 
second operation mode as the operation mode. Hence, in this 
case, the controller 206D continues transmitting synchroni 
zation signals at the local terminal 20D. 
0213 Consequently, the terminal 20D having a higher 
priority can increase a probability that the terminal 20D 
having a higher priority is used as a cluster head. Further, it 
is possible to prevent synchronization signals from being 
unnecessarily transmitted. 
0214. In addition, when the priority associated with each 
of the detected synchronization signals is higher than the 
priority of the local terminal 2.0D, the controller 206D may 
continue transmitting synchronization signals without 
Switching the operation mode, and decrease synchronization 
signal transmission power. 
0215 (Operation) 
0216) Next, an operation of the terminal 20D according 
to the second embodiment will be described with reference 
to FIG. 12. 
0217. The terminal 20D according to the second embodi 
ment executes a process additionally including steps S201 
and S202 in FIG. 12 subsequent to step S104 in FIG. 5 
instead of the process in FIG. 5. In addition, step S201 may 
be executed before step S104. 
0218. The terminal 20D transmits a synchronization sig 
nal (step S104 in FIG. 12), and then updates the priority of 
the local terminal 20D (step S201 in FIG. 12). In the present 
embodiment, the terminal 20D updates the priority of the 
local terminal 20D to make the priority of the local terminal 
20D higher as a time from starting transmitting synchroni 
Zation signals at the local terminal 20D is longer. 
0219. Next, the terminal 20D determines whether or not 
a synchronization signal associated with a higher priority 
than the priority of the local terminal 20D has been detected 
(step S202 in FIG. 12). 
0220 Hereinafter, a case where a synchronization signal 
associated with a higher priority than the priority of the local 
terminal 20D will be assumed. In this case, the terminal 20D 
determines “Yes”, and moves to step S105 in FIG. 12. In the 
present embodiment, that the terminal 20D determines 
“Yes” in step S202 in FIG. 12 represents that the operation 
mode of the terminal 20D is switched from the second 
operation mode to the first operation mode. Hence, in this 
case, the terminal 20D stops transmitting synchronization 
signals. 
0221 Further, when not detecting a synchronization sig 
nal associated with a higher priority than the priority of the 
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local terminal 20D in step S202 in FIG. 12, the terminal 20D 
determines “No”, and returns to step S104 in FIG. 12. In this 
case, the operation mode of the terminal 20D is maintained 
as the second operation mode. Hence, the terminal 20D 
continues transmitting synchronization signals. 
0222. As described above, the terminal 20D according to 
the second embodiment changes the priority determined by 
the priority determining unit 208 according to a state of the 
local terminal 20D. 
0223 Consequently, it is possible to reflect the change in 
the state of the terminal 20D in the priority. Thus, it is 
possible to use an appropriate priority corresponding to the 
state of the terminal 20D. As a result, it is possible to reduce 
a frequency that a cluster head is changed. Further, it is 
possible to reduce the number of cluster heads. As a result, 
it is possible to effectively use radio resources. 
0224 Furthermore, the terminal 20D according to the 
second embodiment controls transmission of a synchroni 
zation signal at the local terminal 20D based on priorities of 
the other terminals 20D in response to reception of synchro 
nization signals from the other terminals 20D. 
0225 Consequently, the terminal 20D having a higher 
priority can increase the probability that the terminal 20D 
having a higher priority is used as a cluster head. Further, it 
is possible to prevent synchronization signals from being 
unnecessarily transmitted. 
0226 Furthermore, the terminal 20D which is used as a 
cluster head may make the priority of the local terminal 20D 
higher as the number of the other terminals 20D communi 
cating with the local terminal 20D is larger. 
0227. For example, the number of the other terminals 
20D communicating with the terminal 20D which is used as 
a cluster head may be obtained by sending a notification of 
an increase in cluster members by the terminal 20D which 
has received a synchronization signal to the terminal 20D 
which has transmitted this synchronization signal. In this 
case, this notification may be executed by executing a RA 
procedure. The RA is an abbreviation of a Random Access. 
For example, the RA procedure may be a competition-based 
or non-competition-based RA procedure. 
0228. Further, for example, the number of the other 
terminals 20D communicating with the terminal 20D which 
is used as a cluster head may be obtained by transmitting a 
certain probe signal by the terminal 20D which is used as a 
cluster head every time a certain cycle passes. In this case, 
the other terminals 20D may transmit response signals in 
response to reception of probe signals. Further, in this case, 
the terminal 20D which is used as a cluster head may obtain 
the above number of the other terminals 20D based on the 
received response signal. 
0229 Consequently, the terminal 20D which has more 
connected cluster members is more hardly changed from a 
cluster head to a cluster member. Accordingly, it is possible 
to reduce the number of cluster members which change the 
terminal 20D which is to be a destination of connection. As 
a result, it is possible to reduce radio resources used by 
cluster members to change the terminal 20D which is to be 
a destination of connection. Accordingly, it is possible to 
effectively use radio resources. 
0230. In addition, when updating a priority, the terminal 
20D may broadcast the updated priority. Further, when 
updating a priority, the terminal 2.0D may transmit a syn 
chronization signal associated with the updated priority. 
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0231. In addition, the terminal 20D needs not to update 
the priority. Further, the terminal 20D may use a priority 
received from the base station 10 as the priority of the local 
terminal 20D without determining the priority of the local 
terminal 20D. Furthermore, the terminal 20D may continue 
transmitting synchronization signals when receiving Syn 
chronization signals from the other terminals 20D having 
higher priorities than the priority of the local terminal 20D 
in the second operation mode. 

Modified Example 1 of Second Embodiment 
0232 Next, a wireless communication system according 

to Modified Example 1 of the second embodiment of the 
present invention will be described. The wireless commu 
nication system according to Modified Example 1 of the 
second embodiment differs from the wireless communica 
tion system according to the second embodiment in notify 
ing another terminal of a presence of one terminal when each 
terminal receives synchronization signals from each of a 
plurality of terminals. Such a difference will be mainly 
described below. In addition, in description of Modified 
Example 1 of the second embodiment, components assigned 
the same reference numerals as those used in the second 
embodiment will be identical or substantially same compo 
nentS. 

0233 (Function) 
0234. As illustrated in FIG. 13, a terminal 20E according 

to Modified Example 1 functionally includes an RA signal 
generator 217E in addition to the functions of the terminal 
20D in FIG. 11. The RA is an abbreviation of a Random 
Access. 

0235. The RA signal generator 217E generates an RA 
signal for executing an RA procedure. For example, the RA 
procedure may be a competition-based or non-competition 
based RA procedure. The RA signal generator 217E outputs 
a generated RA signal to transmit the RA signal by using 
predetermined radio resources under control of a controller 
206E described below. 

0236 Further, the terminal 20E according to Modified 
Example 1 functionally includes the controller 206E instead 
of the controller 206D in FIG. 11. 

0237. In this regard, for ease of description, the terminal 
20E of interest will be referred to as the first terminal 20E 
or the local terminal 20E, the terminal 20E different from the 
first terminal 20E will be referred to as the second terminal 
20E, and the terminal 20E different from the first terminal 
20E and the second terminal 20E will be referred to as the 
third terminal 20E. 

0238. The controller 206E has the same functions as 
those of the controller 206D except for first and second 
differences. The first difference is that, when receiving 
synchronization signals from each of the second terminal 
20E and the third terminal 20E, a presence of one of the 
second terminal 20E and the third terminal 20E is notified to 
the other one of the second terminal 20E and the third 
terminal 20E. The second difference is that transmission of 
a synchronization signal at the local terminal 20E is con 
trolled based on a notification from the terminal 20E differ 
ent from the local terminal 20E. 

0239. In this example, the controller 206E determines 
whether or not another synchronization signal has been 
detected, based on a detection result from the synchroniza 
tion signal detector 204 in the first operation mode. 
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0240. In this regard, the another synchronization signal is 
a synchronization signal transmitted by the third terminal 
20E different from the second terminal 20E which has 
transmitted a synchronization signal based on which the first 
terminal 20E determines to operate in the first operation 
mode. For example, a case where the first terminal 20E 
receives a synchronization signal from the second terminal 
20E different from the local terminal 20E, and determines to 
operate in the first operation mode in response to reception 
of the synchronization signal will be assumed. In this case, 
a case where the first terminal 20E receives a synchroniza 
tion signal from the third terminal 20E, too, will be assumed. 
In this case, the above "another synchronization signal' is 
the synchronization signal transmitted by the third terminal 
2OE. 
0241 When detecting the another synchronization signal, 
the controller 206E sends a notification of a presence of the 
one terminal 20E of the second terminal 20E and the third 
terminal 20E having a higher priority to the other one 
terminal 20E of the second terminal 20E and the third 
terminal 20E having a lower priority. In this example, the 
controller 206E sends the above notification based on a 
priority associated with the detected synchronization signal. 
In addition, the notification is also referred to as a report. 
0242. In this example, the above notification is sent when 
the first terminal 20E executes the RA procedure between 
the first terminal 20E and the notification destination termi 
nal 20E. In this example, the controller 206E controls the 
RA signal generator 217E to execute the RA procedure 
between the first terminal 20E and the notification destina 
tion terminal 20E. When radio resources are allocated by the 
notification destination terminal 20E in response to a ran 
dom access signal, the controller 206E controls the control 
signal generator 210 or the data signal generator 211 to send 
the above notification by using the allocated radio resources. 
0243 Further, when receiving the above notification 
from the terminal 20E different from the local terminal 20E 
in the second operation mode, the controller 206E stops 
transmitting synchronization signals at the local terminal 
2OE. 
0244. Meanwhile, when not receiving the above notifi 
cation from the terminal 20E different from the local termi 
nal 20E in the second operation mode, the controller 206E 
continues transmitting synchronization signals at the local 
terminal 20E. 
0245. In addition, when receiving the above notification 
from the terminal 20E different from the local terminal 20E 
in the second operation mode, the controller 206E may 
continue transmitting synchronization signals, and decrease 
synchronization signal transmission power. 
0246 (Operation) 
0247 Next, an operation of the first terminal 20E accord 
ing to Modified Example 1 will be described with reference 
to FIG. 14. 

0248. The first terminal 20E according to Modified 
Example 1 executes a process in FIG. 14 instead of the 
process in FIG. 12. The process in FIG. 14 is a process 
additionally including step S301 in FIG. 14 in a No route in 
step S202 in FIG. 12, and additionally including steps S302 
to S304 in FIG. 14 subsequent to step S105 in FIG. 12. 
0249. The first terminal 20E determines that a synchro 
nization signal associated with a higher priority than the 
priority of the local terminal 20E has not been detected (the 
No route in step S202 in FIG. 14), and then determines 
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whether or not a notification has been received from the 
other terminal 20E (step S301 in FIG. 14). 
0250 First, a case where the first terminal 20E does not 
receive a notification from the other terminal 20E will be 
assumed. In this case, the first terminal 20E determines 
“No”, and returns to step S104 in FIG. 14. In this case, the 
first terminal 20E continues transmitting synchronization 
signals. 
0251 Next, a case where the first terminal 20E receives 
a notification from the other terminal 20E will be assumed. 
In this case, the first terminal 20E determines 'Yes', and 
returns to step S202 in FIG. 14. Hence, in this case, the first 
terminal 20E does not execute step S104 and therefore does 
not transmit synchronization signals. Accordingly, in this 
case, the first terminal 20E stops transmitting synchroniza 
tion signals. 
0252 Further, a case where a synchronization signal from 
the second terminal 20E having a higher priority than the 
priority of the local terminal 20E has been detected will be 
assumed. In this case, the first terminal 20E determines 
“Yes” in step S202 in FIG. 14, and moves to step S105 in 
FIG 14. 
0253) Then, the first terminal 20E synchronizes a com 
munication timing with that of the second terminal 20E 
which has transmitted the synchronization signal, based on 
the detected synchronization signal (step S105 in FIG. 14). 
Next, the first terminal 20E determines whether or not 
another synchronization signal (a synchronization signal 
from the third terminal 20E in this example) is detected (step 
S302 in FIG. 14). 
0254. When not detecting the another synchronization 
signal, the first terminal 20E determines “No”, and returns to 
step S101 in FIG. 14. Meanwhile, when detecting the 
another synchronization signal, the first terminal 20E deter 
mines “Yes”, and moves to step S303 in FIG. 14. 
0255. Then, the first terminal 20E synchronizes a com 
munication timing with that of the one terminal 20E of the 
second terminal 20E and the third terminal 20E which has a 
higher priority and has transmitted a synchronization signal, 
based on the synchronization signal from the one terminal 
20E (step S303 in FIG. 14). 
0256 Next, the first terminal 20E sends a notification of 
a presence of the one terminal 20E of the second terminal 
20E and the third terminal 20E having a higher priority to 
the other one terminal 20E of the second terminal 20E and 
the third terminal 20E having a lower priority (step S304 in 
FIG. 14). Subsequently, the first terminal 20E returns to step 
S101 in FIG. 14. 
0257. When, for example, the priority of the second 
terminal 20E is higher than the priority of the third terminal 
20E, the first terminal 20E synchronizes a communication 
timing with that of the second terminal 20E based on the 
synchronization signal from the second terminal 20E in step 
S303. Further, in this case, the first terminal 20E notifies the 
third terminal 20E of the presence of the second terminal 
20E in step S304. Thus, the third terminal 20E stops 
transmitting synchronization signals at the third terminal 
20E. Consequently, it is possible to reduce in the first 
terminal 20E an interference of synchronization signals from 
the third terminal 20E with signals from the second terminal 
2OE. 

0258 By contrast with this, when, for example, the 
priority of the third terminal 20E is higher than the priority 
of the second terminal 20E, the first terminal 20E synchro 
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nizes a communication timing with that of the third terminal 
20E based on the synchronization signal from the third 
terminal 20E in step S303. Further, in this case, the first 
terminal 20E notifies the second terminal 20E of the pres 
ence of the third terminal 20E in step S304. Thus, in this 
case, the second terminal 20E stops transmitting synchro 
nization signals at the second terminal 20E. Consequently, it 
is possible to reduce in the first terminal 20E an interference 
of synchronization signals from the second terminal 20E 
with signals from the third terminal 20E. 
0259. As described above, in response to reception of 
synchronization signals from each of the second and third 
terminals 20E of the different priorities, the first terminal 
20E according to Modified Example 1 sends a notification of 
the presence of the other one terminal 20E to the one 
terminal 20E of the second and third terminals 20E having 
a lower priority. 
0260 Consequently, even when the one terminal 20E 
fails to receive a synchronization signal from the other 
terminal 20E, the one terminal 20E can recognize the 
presence of the other terminal 20E. 
0261. In addition, the terminal 20E needs not to update 
the priority. Further, the terminal 20E may use a priority 
received from the base station 10 as a priority of the local 
terminal 20E without determining the priority of the local 
terminal 20E. 

0262. Furthermore, the terminal 20E may continue trans 
mitting synchronization signals when receiving synchroni 
zation signals from the other terminals 20E having higher 
priorities than the priority of the local terminal 20E in the 
second operation mode. 

Modified Example 2 of Second Embodiment 
0263. Next, a wireless communication system according 
to Modified Example 2 of the second embodiment of the 
present invention will be described. The wireless commu 
nication system according to Modified Example 2 of the 
second embodiment differs from the wireless communica 
tion system according to the second embodiment in trans 
mitting synchronization signals when each terminal receives 
a synchronization signal from each of a plurality of termi 
nals in the first operation mode. Such a difference will be 
mainly described below. In addition, in description of Modi 
fied Example 2 of the second embodiment, components 
assigned the same reference numerals as those used in the 
second embodiment will be identical or substantially same 
components. 
0264 (Function) 
0265. As illustrated in FIG. 15, a terminal 20F according 
to Modified Example 2 functionally includes a controller 
206F instead of the controller 206D in FIG. 11. 

0266. In this regard, for ease of description, the terminal 
20F of interest will be referred to as the first terminal 20F or 
the local terminal 20F, the terminal 20F different from the 
first terminal 20F will be referred to as the second terminal 
20F, and the terminal 20F different from the first terminal 
20F and the second terminal 20F will be referred to as the 
third terminal 20F. 

0267. The controller 206F includes the same functions as 
those of the controller 206D except that the first terminal 
20F transmits synchronization signals when receiving a 
synchronization signal from each of the second terminal 20F 
and the third terminal 20F in the first operation mode. 
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0268. In this example, the controller 206F determines 
whether or not another synchronization signal has been 
detected, based on a detection result of the synchronization 
signal detector 204 in the first operation mode of the local 
terminal 20F. 
0269. In this regard, the another synchronization signal is 
a synchronization signal transmitted by the third terminal 
20F different from the second terminal 20F which has 
transmitted a synchronization signal based on which the first 
terminal 20F determines to operate in the first operation 
mode. For example, a case where the first terminal 20F 
receives a synchronization signal from the second terminal 
20F different from the local terminal 20F, and determines to 
operate in the first operation mode in response to reception 
of the synchronization signal will be assumed. In this case, 
a case where the first terminal 20F receives a synchroniza 
tion signal from the third terminal 20F, too, will be assumed. 
In this case, the above "another synchronization signal” is 
the synchronization signal transmitted by the third terminal 
2OF. 
0270. When detecting the another synchronization signal, 
the controller 206F performs control to synchronize a com 
munication timing with that of the one terminal 20F of the 
second terminal 20F and the third terminal 20F having a 
higher priority. Further, in this case, the controller 206F 
controls the synchronization signal generator 209 to transmit 
synchronization signals. 
0271 In this example, the controller 206F controls the 
synchronization signal generator 209 such that a synchro 
nization signal transmission timing is a timing based on a 
timing at which a synchronization signal is received from 
the parent terminal 20F. In this example, the parent terminal 
20F is the one terminal 20F of the second terminal 20F and 
the third terminal 20F having a higher priority. For example, 
the timing based on the timing at which the synchronization 
signal is received from the parent terminal 20F is a timing 
at which the synchronization signal is received from the 
parent terminal 20F or a timing which is different by a 
certain time from the timing at which the synchronization 
signal is received from the parent terminal 20F. 
0272. Thus, the controller 206F transmits synchroniza 
tion signals in response to reception of synchronization 
signals from each of the second terminal 20F and the third 
terminal 20F. 
0273 Consequently, even when the one terminal 20F of 
the second terminal 20F and the third terminal 20F fails to 
receive a synchronization signal from the other one terminal 
20F of the second terminal 20F and the third terminal 20F, 
the one terminal 20F can receive a synchronization signal 
from the first terminal 20F. 
(0274 (Function) 
0275 Next, an operation of the first terminal 20F accord 
ing to Modified Example 2 will be described with reference 
to FIG. 16. 

(0276. The first terminal 20F according to Modified 
Example 2 executes a process in FIG. 16 instead of the 
process in FIG. 12. The process in FIG. 16 additionally 
includes steps S401 to S403 in FIG. 16 subsequent to step 
S105 in FIG. 12. 
(0277 Hereinafter, a case where the first terminal 20F 
detects a synchronization signal from the second terminal 
20F having a higher priority than the priority of the local 
terminal 20F in step S202 in FIG. 16 will be assumed. In this 
case, the first terminal 20F determines 'Yes', and moves to 
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step S105 to synchronize a communication timing with that 
of the second terminal 20F which has transmitted the 
synchronization signal, based on the detected synchroniza 
tion signal (step S105 in FIG. 16). 
0278 Next, the first terminal 20F determines whether or 
not another synchronization signal (a synchronization signal 
from the third terminal 20F in this example) is detected (step 
S401 in FIG. 16). 
0279. When not detecting the another synchronization 
signal, the first terminal 20F determines “No”, and returns to 
step S101 in FIG. 16. Meanwhile, when detecting the 
another synchronization signal, the first terminal 20F deter 
mines “Yes”, and moves to step S402 in FIG. 16. 
0280. Then, the first terminal 20F synchronizes a com 
munication timing with that of the one terminal 20F of the 
second terminal 20F and the third terminal 20F which has a 
higher priority and has transmitted a synchronization signal 
based on the synchronization signal from the one terminal 
20F (step S402 in FIG. 16). 
0281 Next, the first terminal 20F transmits a synchroni 
Zation signal at a timing based on a timing at which a 
synchronization signal is received from the parent terminal 
20F which is synchronized with the communication timings 
in above step S402 (step S403 in FIG.16). Subsequently, the 
first terminal 20F returns to step S101 in FIG. 16. 
0282. When, for example, the priority of the second 
terminal 20F is higher than the priority of the third terminal 
20F, the first terminal 20F synchronizes a communication 
timing with that of the second terminal 20F based on the 
synchronization signal from the second terminal 20F in step 
S402. Further, in this case, the first terminal 20F transmits a 
synchronization signal at a timing based on the timing at 
which the synchronization signal is received from the sec 
ond terminal 20F in step S403. 
0283. In this case, a case where the priority of the first 
terminal 20F is higher than the priority of the third terminal 
20F will be assumed. In this case, the third terminal 20F 
Switches an operation mode from the second operation mode 
to the first operation mode in response to reception of the 
synchronization signal from the first terminal 20F. Thus, the 
third terminal 20F stops transmitting synchronization sig 
nals at the third terminal 20F. Consequently, it is possible to 
reduce in the first terminal 20F an interference of synchro 
nization signals from the third terminal 20F with signals 
from the second terminal 20F. 
0284 As described above, the first terminal 20F accord 
ing to Modified Example 2 transmits synchronization sig 
nals in response to reception of synchronization signals from 
each of the second terminal 20F and the third terminal 20F. 
0285 Consequently, even when the one terminal 20F of 
the second and third terminals 20F fails to receive a syn 
chronization signal from the other one terminal 20F of the 
second and third terminals 20F, the one terminal 20F can 
receive a synchronization signal from the first terminal 20F. 
0286. In addition, the terminal 20F needs not to update a 
priority. Further, the terminal 20F may use a priority 
received from the base station 10 as the priority of the local 
terminal 20F without determining the priority of the local 
terminal 20F. 
0287 Furthermore, the terminal 20F may continue trans 
mitting synchronization signals when receiving synchroni 
zation signals from the other terminals 20F having higher 
priorities than the priority of the local terminal 20F in the 
second operation mode. 
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Third Embodiment 

0288 Next, a wireless communication system according 
to the third embodiment of the present invention will be 
described. The wireless communication system according to 
the third embodiment differs from the wireless communica 
tion system according to the second embodiment in notify 
ing one terminal of a difference between timings at which 
synchronization signals are received from a plurality of 
terminals. Such a difference will be mainly described below. 
In addition, in description of the third embodiment, com 
ponents assigned the same reference numerals as those used 
in the second embodiment will be identical or substantially 
same components. 
0289 (Function) 
0290. As illustrated in FIG. 17, a terminal 20G according 
to the third embodiment functionally includes an RA signal 
generator 217G in addition functions of the terminal 20D in 
FIG. 11. The RA is an abbreviation of a Random Access. 
0291. The RA signal generator 217G generates an RA 
signal for executing an RA procedure. For example, the RA 
procedure may be a competition-based or non-competition 
based RA procedure. The RA signal generator 217G outputs 
a generated RA signal to transmit the RA signal by using 
predetermined radio resources under control of a controller 
206G described below. 
0292 Further, the terminal 20G according to the third 
embodiment functionally includes the controller 206G. 
instead of the controller 206D in FIG. 11. 

0293. In this regard, for ease of description, the terminal 
20G of interest will be referred to as the first terminal 20G 
or the local terminal 20O, the terminal 20O different from 
the first terminal 20O will be referred to as the second 
terminal 20O, and the terminal 20O different from the first 
terminal 20O and the second terminal 20O will be referred 
to as the third terminal 20O. 

0294 The controller 206G includes the same functions as 
those of the controller 206D except for first and second 
differences. The first difference is that, when receiving 
synchronization signals from each of the second and third 
terminals 20O, one of the second terminals 20O and the third 
terminals 20O is notified of a difference between a timing at 
which a synchronization signal is received from the second 
terminal 20O and a timing at which a synchronization signal 
is received from the third terminal 20O. The second differ 
ence is that a synchronization signal transmission timing at 
the local terminal 20G is adjusted based on a notification 
from the terminal 20O different from the local terminal 20O. 

0295). In the present embodiment, the controller 206G. 
determines whether or not another synchronization signal 
has been detected, based on a detection result of the syn 
chronization signal detector 204 in the first operation mode. 
0296. In this regard, the another synchronization signal is 
a synchronization signal transmitted by the third terminal 
20G different from the second terminal 20O which has 
transmitted a synchronization signal based on which the first 
terminal 20O determines to operate in the first operation 
mode. For example, a case where the first terminal 20G 
receives a synchronization signal from the second terminal 
20G different from the local terminal 20O, and determines 
to operate in the first operation mode in response to recep 
tion of the synchronization signal will be assumed. In this 
case, a case where the first terminal 20O receives a syn 
chronization signal from the third terminals 20G, too, will be 
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assumed. In this case, the above "another synchronization 
signal' is a synchronization signal transmitted by the third 
terminal 20O. 
0297 When detecting the another synchronization signal, 
the controller 206G performs control to synchronize a 
communication timing with that of the one terminal 20O of 
the second terminal 20G and the third terminal 20G having 
a higher priority. 
0298. Further, in this case, the controller 206G sends to 
the other one terminal 20O of the second terminal 20O and 
the third terminal 20G having a lower priority a notification 
of a difference between a timing at which a synchronization 
signal is received from the second terminal 20O and a timing 
at which a synchronization signal is received from the third 
terminal 20G. In the present embodiment, the controller 
206G determines the notification destination terminal 20O 
based on a priority associated with the detected synchroni 
Zation signal. In addition, the difference between a timing at 
which a synchronization signal is received from the second 
terminal 20O and a timing at which a synchronization signal 
is received from the third terminal 20O is also referred to as 
a time difference between synchronization signals. 
0299. In the present embodiment, the above notification 

is sent when the first terminal 20O executes the RA proce 
dure between the first terminal 20O and the notification 
destination terminal 20G. In the present embodiment, the 
controller 206G controls the RA signal generator 217G to 
execute the RA procedure between the first terminal 20O 
and the notification destination terminal 20O. When radio 
resources are allocated by the notification destination ter 
minal 20G, the controller 206G controls the control signal 
generator 210 or the data signal generator 211 to send the 
notification by using allocated radio resources. 
0300 Further, the controller 206G adjusts a synchroni 
Zation signal transmission timing at the local terminal 20G 
when receiving the above notification from the terminal 20O 
different from the local terminal 20G in the second operation 
mode. 
0301 In the present embodiment, the controller 206G. 
adjusts the synchronization signal transmission timing at the 
local terminal 20G Such that synchronization transmission 
timings synchronize between terminals 20O which are trans 
mission sources of the synchronization signals based on 
which this notification is sent synchronize based on the 
above notification. 
0302 Meanwhile, the controller 206G does not adjust a 
synchronization signal transmission timing at the local ter 
minal 20G when not receiving the above notification from 
the terminal 20O different from the local terminal 20O in the 
second operation mode. 
(0303 (Operation) 
0304 Next, an operation of the first terminal 20O accord 
ing to the third embodiment will be described with reference 
to FIG. 18. 

(0305. The first terminal 20G according to the third 
embodiment executes a process in FIG. 18 instead of the 
process in FIG. 12. The process in FIG. 18 is a process 
additionally including steps S501 and S502 in FIG. 18 in a 
No route in step S202 in FIG. 12, and additionally including 
steps S503 to S505 in FIG. 18 subsequent to step S105 in 
FIG. 12. 

0306 The first terminal 20G determines that a synchro 
nization signal associated with a higher priority than a 
priority of a local terminal 20G has not been detected (the 
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No route in step S202 in FIG. 18), and then determines 
whether or not a notification from the another terminal 20O 
has been received (step S501 in FIG. 18). 
0307 First, a case where the first terminal 20G has not 
received the notification from the another terminal 20O will 
be assumed. In this case, the first terminal 20O determines 
“No”, and returns to step S104 in FIG. 18. 
0308 Next, a case where the first terminal 20G receives 
the notification from the another terminal 20O will be 
assumed. In this case, the first terminal 20O determines 
“Yes”, and adjusts a synchronization signal transmission 
timing at the local terminal 20O based on the notification 
(step S502 in FIG. 18). Further, the first terminal 20G returns 
to step S104 in FIG. 18. 
0309 Hereinafter, a case where a synchronization signal 
from the second terminal 20G having a higher priority than 
the priority of the local terminal 20O has been detected will 
be assumed. In this case, the first terminal 20O determines 
“Yes” in step S202 in FIG. 18, and moves to step S105 in 
FIG. 18. 

0310. Then, the first terminal 20G synchronizes a com 
munication timing with that of the second terminal 20G 
which has transmitted the synchronization signal, based on 
the detected synchronization signal (step S105 in FIG. 18). 
Next, the first terminal 20O determines whether or not 
another synchronization signal (a synchronization signal 
from the third terminal 20G in the present embodiment) is 
detected (step S503 in FIG. 18). 
0311. When not detecting the another synchronization 
signal, the first terminal 20O determines “No”, and returns 
to step S101 in FIG. 18. Meanwhile, when detecting the 
another synchronization signal, the first terminal 20O deter 
mines “Yes”, and moves to step S504 in FIG. 18. 
0312 Then, the first terminal 20G synchronizes a com 
munication timing with that of the one terminal 20O of the 
second terminal 20O and the third terminal 20O which has 
a higher priority and has transmitted a synchronization 
signal, based on the Synchronization signal from the one 
terminal 20G (step S504 in FIG. 18). 
0313 Next, the first terminal 20G sends to the other one 
terminal 20G of the second and third terminals 20G having 
a lower priority a notification of a difference between a 
timing at which a synchronization signal is received from 
the second terminal 20G and a timing at which a synchro 
nization signal is received from the third terminal 20O (step 
S505 in FIG. 18). Subsequently, the first terminal 20G 
returns to step S101 in FIG. 18. 
0314. When, for example, the priority of the second 
terminal 20O is higher than the priority of the third terminal 
20G, the first terminal 20G synchronizes a communication 
timing with that of the second terminal 20O, based on the 
synchronization signal from the second terminal 20O in step 
S504. Further, in this case, the first terminal 20O notifies the 
third terminal 20G of a time difference between the syn 
chronization signals in step S505. 
0315 Thus, the third terminal 20G synchronizes a syn 
chronization signal transmission timing at the third terminal 
20G with a synchronization signal transmission timing at the 
second terminal 20O based on the notification. Conse 
quently, the first terminal 20G can prevent an interference of 
signals from the third terminal 20O with signals received 
from the second terminal 20G. Hence, it is possible to 
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increase quality of communication between the terminals 
20G. Consequently, it is possible to effectively use radio 
SOUCS. 

0316 By contrast with this, when, for example, the 
priority of the third terminal 20G is higher than the priority 
of the second terminal 20O, the first terminal 20O synchro 
nizes a communication timing with that of the third terminal 
20G, based on a synchronization signal from the third 
terminal 20O in step S504. Further, in this case, the first 
terminal 20O notifies the second terminal 20O of the time 
difference between the synchronization signals in step S505. 
0317 Thus, the second terminal 20G synchronizes a 
synchronization signal transmission timing at the second 
terminal 20G with a synchronization signal transmission 
timing at the third terminal 20O based on the notification. 
Consequently, the first terminal 20O can prevent an inter 
ference of signals from the second terminal 20O with signals 
received from the third terminal 20G. Consequently, it is 
possible to increase quality of communication between the 
terminals 20O. Hence, it is possible to effectively use radio 
SOUCS. 

0318. As described above, the first terminal 20O accord 
ing to the third embodiment notifies the one terminal 20G of 
the second and third terminals 20O of a time difference 
between synchronization signals in response to reception of 
the synchronization signals from each of the second and 
third terminals 20O. 

0319 Consequently, it is possible to synchronize syn 
chronization signal transmission timings between the second 
and third terminals 20O. Thus, the first terminal 20O can 
prevent an interference of signals from one of the second and 
third terminals 20G with signals received from the other one 
of the second and third terminals 20O. Consequently, it is 
possible to increase quality of communication between the 
terminals 20O. Hence, it is possible to effectively use radio 
SOUCS. 

0320 Further, the first terminal 20O according to the 
third embodiment sends a notification of a time difference 
between synchronization signals to the one terminal 20O of 
the second and third terminals 20O having a lower priority 
related to transmission of a synchronization signal. Further 
more, the other one terminal 20O of the second and third 
terminals 20O synchronizes a timing at which a synchroni 
zation signal is to be transmitted with that of the one 
terminal 20O based on the notification. 

0321. The terminal 20G having a higher priority tends to 
have a larger number of cluster members connecting to the 
terminal 20G. Consequently, it is possible to increase a 
probability that it is possible to reduce radio resources used 
to control synchronization signal transmission timings com 
pared to a case where the terminal 20O of a relatively high 
priority synchronizes a timing at which a synchronization 
signal is to be transmitted with that of the terminal 20O of 
a relatively low priority. 
0322. In addition, the terminal 20O needs not to update 
the priority. Further, the terminal 20O may use a priority 
received from the base station 10 as the priority of the local 
terminal 20G without determining the priority of the local 
terminal 20G. Furthermore, the terminal 20G may continue 
transmitting synchronization signals when receiving Syn 
chronization signals from the other terminals 20O having 
higher priorities than the priority of the local terminal 20G 
in the second operation mode. 
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0323 Still further, the first terminal 20G may notify both 
of the second and third terminals 20O of a time difference 
between synchronization signals. In this case, the notifica 
tion may include an identifier for identifying a wireless area 
or the terminal 20O and a priority associated with the 
identifier. In this case, the second terminal 20G may adjust 
a synchronization signal transmission timing when the pri 
ority of the local terminal 20G is lower than the priority of 
the third terminal 20O. Similarly, the third terminal 20G may 
adjust a synchronization signal transmission timing when 
the priority of the local terminal 20O is lower than the 
priority of the second terminal 20O. 
0324 Further, when receiving synchronization signals 
from each of the second and third terminals 20O, the first 
terminal 20O may send a notification of a time difference 
between synchronization signals if a notification condition 
described below holds, and needs not to send a notification 
of the time difference between synchronization signals if the 
notification condition does not hold. Furthermore, when 
receiving synchronization signals from each of the second 
and third terminals 20G, the first terminal 20G may send a 
notification of a stop instruction to the one terminal 20G of 
the second and third terminals 20O having a lower priority 
if the notification condition does not hold. In the present 
embodiment, the stop instruction is information for instruct 
ing to stop transmitting synchronization signals. Hence, the 
terminal 20G notified of the stop instruction stops transmit 
ting synchronization signals. 
0325 The notification condition includes, for example, 
one of the following. 
0326 (1) Both of the priority of the second terminal 20G 
and the priority of the third terminal 20O are higher than a 
certain reference priority. 
0327 (2) A difference between the priority of the second 
terminal 20O and the priority of the third terminal 20G is 
smaller than a certain reference difference. 

0328 (3) Both of the number of cluster members whose 
connection destinations are the second terminal 20O and the 
number of cluster members whose connection destinations 
are the third terminal 20G are larger than a certain reference 
number. 

0329 (4) A difference between the number of cluster 
members whose connection destinations are the second 
terminal 20O and the number of cluster members whose 
connection destinations are the third terminal 20O is smaller 
than a certain reference difference. 

0330 (5) Both of a time from starting transmitting syn 
chronization signals by the second terminal 20O and a time 
from starting transmitting synchronization signals by the 
third terminal 20G are longer than a certain reference time. 
0331 (6) A difference between a time from starting 
transmitting synchronization signals by the second terminal 
20G and a time from starting transmitting synchronization 
signals by the third terminal 20O is smaller than a certain 
reference difference. 

0332 Further, a notification destination of a time differ 
ence between synchronization signals may be the one ter 
minal 20O of the second and third terminals 20O whose a 
number of the connecting cluster members 20O is smaller. 
Furthermore, a notification destination of a time difference 
between synchronization signals may be the one terminal 
20G of the second and third terminals 20O whose a time 
from starting transmitting synchronization signals is shorter. 
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Fourth Embodiment 

0333 Next, a wireless communication system according 
to the fourth embodiment of the present invention will be 
described. The wireless communication system according to 
the fourth embodiment differs from the wireless communi 
cation system according to the second embodiment in 
instructing another terminal to Switch to a cluster head 
before a terminal switches from a cluster head to a cluster 
member. Such a difference will be mainly described below. 
In addition, in description of the fourth embodiment, com 
ponents assigned the same reference numerals as those used 
in the second embodiment will be identical or substantially 
same components. 
0334 (Function) 
0335. As illustrated in FIG. 19, a wireless communication 
system 1H according to the fourth embodiment includes 
terminals 20H-1 to 20H-10 instead of terminals 20-1 to 
20-10 illustrated in FIG. 1. 
0336. As illustrated in FIG. 20, a terminal 20H according 
to the fourth embodiment functionally includes a controller 
206H instead of the controller 206D in FIG. 11. The con 
troller 206H has the same functions as those of the controller 
206D except for first and second differences. 
0337 The first difference is that the controller 206H 
controls the control signal generator 210 to transmit a head 
Switch instruction when an operation mode of the terminal 
20H switches from the second operation mode to the first 
operation mode. 
0338. As described above, when an operation mode of 
the terminal 20H is the second operation mode, a commu 
nication state of the terminal 20H is the third communication 
state where the terminal 20H is used as a cluster head. 
Further, when the operation mode of the terminal 20H is the 
first operation mode, the communication state of the termi 
nal 20H is one of the second communication state where the 
terminal 20H is used as a cluster member, and the first 
communication state where the terminal 20H communicates 
with the base station 10. 
0339. That the terminal 20H is used as a cluster head may 
represent that the terminal 20H is a cluster head. Further, that 
the terminal 20H is used as a cluster member may represent 
that the terminal 20H is a cluster member. 

0340. In the present embodiment, it is assumed that, for 
ease of description, when the operation mode of the terminal 
20H is the first operation mode, the communication state of 
the terminal 20H is the second communication state. Hence, 
in the present embodiment, that the operation mode of the 
terminal 20H switches from the second operation mode to 
the first operation mode represents that the terminal 20H is 
changed from a cluster head to a cluster member. The change 
from a cluster head to a cluster member may represent 
Switching from a cluster head to a cluster member. 
0341. In the present embodiment, a case where, as illus 
trated in FIG. 19, the terminal 20H-1 which is a cluster head 
comes close to the terminal 20H-2 which is a cluster head to 
receive a synchronization signal transmitted by the terminal 
20H-2 will be assumed. In addition, in this case, the terminal 
20H-2, too, receives a synchronization signal transmitted by 
the terminal 20H-1 likewise. 

0342. In the present embodiment, the head switch 
instruction is information for instructing to Switch a con 
nection destination cluster head. The head switch instruction 
is an example of information indicating integration of a 
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plurality of clusters. In the present embodiment, the head 
Switch instruction is included in a control signal. 
0343 By transmitting a head switch instruction by the 
controller 206H, the cluster head 20H sends a notification of 
integration of a plurality of clusters to cluster members 
which are the other terminals 20H forming a cluster together 
with the cluster head 20H. In this regard, the cluster includes 
a plurality of terminals 20H, and is formed to enable direct 
communication between the plurality of terminals 20H in 
response to synchronization signals to be transmitted by the 
cluster head 20H. 
0344. The second difference is that, when the terminal 
20H is used as a cluster member and receives the head 
switch instruction, the controller 206H controls the synchro 
nization signal detector 204 to perform a process of detect 
ing a synchronization signal transmitted from the terminal 
20H different from a connection destination cluster head. 
0345 Consequently, the cluster members 20H which 
form a cluster together with the cluster head 20H can quickly 
detect synchronization signals to be transmitted by the other 
cluster heads 20H. As a result, the cluster members 20H can 
quickly switch the cluster head 20H which is to be a 
destination of connection. 
0346 Similar to the controller 206D in FIG. 11, the 
controller 206H changes the local terminal 20H from a 
cluster head to a cluster member when a priority associated 
with the detected synchronization signal is higher than a 
priority of the local terminal 20H. Hence, in this case, the 
controller 206H stops transmitting synchronization signals 
at the local terminal 20H. 
0347 Meanwhile, when the priority associated with the 
detected synchronization signal is lower than the priority of 
the local terminal 20H, the controller 206H maintains a state 
where the local terminal 20H is used as a cluster head similar 
to the controller 206D in FIG. 11. Hence, in this case, the 
controller 206H continues transmitting synchronization sig 
nals at the local terminal 20H. 
0348 That the cluster head 20H receives synchronization 
signals transmitted by the other cluster heads 20H is an 
example where a plurality of cluster heads 20H exist at 
positions at which the plurality of cluster heads 20H can 
communicate with each other. 
0349 Hence, in the wireless communication system 1H, 
the first cluster head 20H among a plurality of cluster heads 
20H existing at positions at which the plurality of cluster 
heads 20H can communicate with each other continues 
transmitting synchronization signals, and the second cluster 
head 20H stops transmitting synchronization signals. In this 
regard, a priority of the first cluster head 20H is higher than 
that of the second cluster head 20H. 
0350 Consequently, the terminal 20H having a higher 
priority can increase a probability that the terminal 20H is 
used as a cluster head. Further, it is possible to prevent 
synchronization signals from being unnecessarily transmit 
ted. 

0351. In other words, the wireless communication system 
1H integrates a plurality of clusters to be formed by syn 
chronization signals to be transmitted by a plurality of 
cluster heads 20H existing at positions at which the plurality 
of cluster heads 20H communicate with each other, based on 
a priority of each of the plurality of cluster heads 20H. 
0352 Consequently, it is possible to reduce the number of 
cluster heads. Thus, it is possible to reduce radio resources 
used to perform communication between cluster heads and 

Dec. 29, 2016 

control cluster heads, for example. Further, it is possible to 
appropriately reflect each priority in cluster integration. In 
the present embodiment, the terminal 20H having a higher 
priority can increase a probability that the terminal 20H is 
continuously used as a cluster head. 
0353. In addition, the head switch instruction may 
include synchronization signal information related to a 
detected control signal. For example, the synchronization 
signal information may include at least one of information 
for identifying a synchronization signal, and information 
indicating a transmission timing which is a timing at which 
a synchronization signal is to be transmitted. 
0354. In the present embodiment, the information for 
identifying a synchronization signal is an identifier for 
identifying a Zadoff-Chu sequence. In addition, when a 
synchronization signal is associated with a priority, a priority 
may be used as information for identifying the synchroni 
Zation signal. For example, the information indicating the 
timing at which a synchronization signal is to be transmitted 
may include information for identifying a subframe in which 
the synchronization signal is to be transmitted. Further, for 
example, the information indicating the timing at which a 
synchronization signal is to be transmitted may include 
information indicating a difference between a timing at 
which a cluster head which is not yet switched transmits a 
synchronization signal, and a timing at which the Switched 
cluster head transmits a synchronization signal. 
0355 The information for identifying a synchronization 
signal and the information indicating a synchronization 
signal transmission timing are used to, for example, detect 
synchronization signals. Hence, the synchronization signal 
information is also referred to as information used to detect 
a synchronization signal. 
0356. In this case, the cluster member 20H having 
received the head switch instruction performs a process of 
detecting a synchronization signal transmitted by the termi 
nal 20H different from the cluster head 20H which is a 
transmission Source of the head Switch instruction based on 
the synchronization signal information included in the head 
Switch instruction. 

0357 Consequently, the cluster members 20H forming a 
cluster together with the cluster head 20H can quickly detect 
synchronization signals to be transmitted by the other cluster 
heads 20H. As a result, the cluster members 20H can quickly 
switch the cluster head 20H which is to be a destination of 
connection. 
0358 (Operation) 
0359 Next, an operation of the terminal 20H according 
to the fourth embodiment will be described with reference to 
FIG 21. 

0360. The terminal 20H according to the fourth embodi 
ment executes a process additionally including step S601 in 
FIG. 21 in a “Yes” route in step S202 in FIG. 12 instead of 
the process in FIG. 12, and additionally including steps S602 
and S603 in FIG. 21 subsequent to step S105 in FIG. 12. 
0361. In the present embodiment, a case where, as illus 
trated in FIG. 19, in response to a synchronization signal 
transmitted by the terminal 20H-1 which is a cluster head, 
the terminals 20H-3 to 20H-6 which are cluster members 
form a first cluster together with the terminal 20H-1 will be 
assumed. Further, a case where, in response to a synchro 
nization signal transmitted by the terminal 20H-2 which is a 
cluster head, the terminals 20H-7 to 20H-10 which are 
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cluster members form a second cluster together with the 
terminal 20H-2 will be assumed. 

0362. In addition, a case where the cluster head 20H-1 
comes close to the cluster head 20H-2 to receive a synchro 
nization signal transmitted by the cluster head 20H-2 will be 
assumed. Further, in the present embodiment, a case where 
a priority of the cluster head 20H-1 is lower than a priority 
of the cluster head 20H-2 will be assumed. 

0363 First, an operation of the terminal 20H-1 will be 
described. In this case, when moving to step S202 in FIG. 
21, the terminal 20H-1 determines 'Yes', and transmits the 
head switch instruction to the cluster members 20H-3 to 
20H-6 (step S601 in FIG. 21). 
0364) Next, the terminal 20H-1 moves to step S105 in 
FIG. 21. In the present embodiment, that the terminal 20H-1 
determines “Yes” in step S202 in FIG. 21 represents that the 
local terminal 20H-1 is changed from a cluster head to a 
cluster member. Hence, in this case, the terminal 20H-1 
stops transmitting synchronization signals. 
0365. In this case, the terminal 20H-1 synchronizes a 
communication timing with that of the terminal 20H-2 
which has transmitted a synchronization signal, based on the 
detected synchronization signal (step S105 in FIG. 21). 
Further, the terminal 20H-1 determines whether or not the 
head switch instruction has been received (step S602 in FIG. 
21). At this point of time, the terminal 20H-1 determines 
“No”, and returns to step S101. 
0366) Next, an operation of the terminal 20H-2 will be 
described. The terminal 20H-2 detects a synchronization 
signal transmitted by the terminal 20H-1. Hence, when 
moving to step S202 in FIG. 21, the terminal 20H-2 deter 
mines “No”, and returns to step S104 in FIG. 21. In this case, 
the terminal 20H-2 maintains a state where the terminal 
20H-2 is used as a cluster head. Hence, the terminal 20H-2 
continues transmitting synchronization signals. 
0367 Next, an operation of the terminal 20H-3 will be 
described. According to the above assumption, when the 
terminal 20H-1 transmits a synchronization signal, the ter 
minal 20H-3 detects the synchronization signal transmitted 
by the terminal 20H-1. Hence, when moving to step S101 in 
FIG. 21, the terminal 20H-3 determines “Yes”, and synchro 
nizes a communication timing with that of the terminal 
20H-1 which has transmitted the synchronization signal, 
based on the detected synchronization signal (step S105 in 
FIG. 21). 
0368. Then, the terminal 20H-3 determines whether or 
not the head switch instruction has been received (step S602 
in FIG. 21). In this case, the terminal 20H-3 determines 
“No”, and returns to step S101. 
0369. When moving to step S602 after the terminal 
20H-1 transmits the head switch instruction, the terminal 
20H-3 determines “Yes”, and executes a process of detecting 
a synchronization signal transmitted by the terminal 20H 
different from the terminal 20H-1. In the present embodi 
ment, a case where the terminal 20H-3 detects a synchro 
nization signal transmitted by the terminal 20H-2 will be 
assumed. 

0370. In this case, the terminal 20H-3 synchronizes a 
communication timing with that of the terminal 20H-2 
which has transmitted a synchronization signal, based on the 
detected synchronization signal (step S603 in FIG. 21). 
Subsequently, the terminal 20H-3 returns to step S101. 
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0371. The terminals 20H-4 to 20H-6 may also operate 
similar to the terminal 20H-3. Thus, the first cluster and the 
second cluster are integrated. 
0372. In addition, when it is not possible to detect a 
synchronization signal transmitted from the cluster head 
20H-1 which is a destination of connection in step S101 in 
FIG. 21, the terminal 20H-3 may perform a process of 
detecting synchronization signals from the other cluster 
heads 20H. 
0373 Consequently, the cluster member 20H-3 can 
quickly detect the synchronization signals transmitted by the 
other cluster heads 20H. As a result, the cluster member 
20H-3 can quickly switch the cluster head 20H which is to 
be a destination of connection. 
0374. In this example, processes in steps S601 to S603 in 
FIG. 21 may be skipped. In this case, it is possible to reduce 
radio resources used to control clusters compared to a case 
where the head switch instruction is transmitted. Hence, it is 
possible to effectively use radio resources. 
0375. As described above, the wireless communication 
system 1H according to the fourth embodiment integrates a 
plurality of clusters based on a priority of each of a plurality 
of cluster heads 20H. 
0376 Consequently, it is possible to reduce the number of 
cluster heads 20H. Thus, it is possible to reduce radio 
resources used to, for example, perform communication 
between the cluster heads 20H and control the cluster head 
20H. Further, it is possible to appropriately reflect each 
priority incluster integration. For example, the terminal 20H 
having a higher priority can increase a probability that the 
terminal 20H is continuously used as a cluster head. 
0377. Further, in the wireless communication system 1H 
according to the fourth embodiment, integration of a plu 
rality of clusters includes continuing transmitting synchro 
nization signals by the cluster head 20H-2 having a higher 
priority than that of the cluster head 20H-1 among a plurality 
of cluster heads 20H. Furthermore, integration of a plurality 
of clusters includes stopping transmitting synchronization 
signals by the cluster head 20H-1. 
0378 Consequently, it is possible to increase a probabil 
ity that the terminal 20H-2 having a higher priority can be 
continuously used as a cluster head. Further, it is possible to 
prevent synchronization signals from being unnecessarily 
transmitted. 
0379. In addition, in the wireless communication system 
1H according to the fourth embodiment, the cluster head 
20H-1 sends a notification of integration of a plurality of 
clusters to the cluster members 20H-3 to 20H-6 forming a 
cluster together with the cluster head 20H-1. Further, the 
cluster members 20H-3 to 20H-6 perform a process of 
detecting a synchronization signal transmitted from the 
cluster head 20H-2 in response to the notification from the 
cluster head 20H-1 (the head switch instruction in the 
present embodiment). 
(0380 Consequently, the cluster members 20H-3 to 20H-6 
can quickly detect a synchronization signal to be transmitted 
by the cluster head 20H-2. As a result, the cluster members 
20H-3 to 20H-6 can quickly switch the cluster head 20H 
which is to be a destination of connection. 
0381. In addition, when detecting a synchronization sig 
nal associated with a priority lower than that of the local 
terminal 20H-2, the cluster head 20H-2 may change a 
synchronization signal and a synchronization signal trans 
mission timing. In the present embodiment, the cluster head 
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20H-2 changes the synchronization signal transmission tim 
ing to the same timing as a timing at which the cluster head 
20H-1 which is a transmission sources of the detected 
synchronization signal transmits the synchronization signal. 
0382 Consequently, the cluster members 20H-3 to 20H-6 
forming a cluster together with the cluster head 20H-1 can 
detect a synchronization signal transmitted by the cluster 
head 20H-2 without changing a timing at which the Syn 
chronization signal is received. As a result, the cluster 
members 20H-3 to 20H-6 can quickly switch the cluster 
head 20H which is to be a destination of connection. 

0383. Further, in the present embodiment, the cluster 
head 20H-2 changes the synchronization signal to the same 
signal as the detected synchronization signal. In addition, 
when a synchronization signal is associated with a priority 
as in the present embodiment, the cluster head 20H-2 may 
change the synchronization signal by changing a priority to 
the same priority as that of the cluster head 20H-1. 
0384 Consequently, the cluster members 20H-3 to 20H-6 
forming a cluster together with the cluster head 20H-1 can 
quickly detect a synchronization signal transmitted by the 
cluster head 20H-2. As a result, the cluster members 20H-3 
to 20H-6 can quickly switch the cluster head 20H which is 
to be a destination of connection. 

0385 For example, as illustrated in FIG. 22, the cluster 
head 20H-2 may execute a process additionally including 
steps S701 and S702 in the No route of step S202 in FIG. 21. 
0386. When determining No in step S202 in FIG. 22, the 
cluster head 20H-2 determines whether or not a synchroni 
Zation signal associated with a priority lower than the 
priority of the local terminal 20H-2 has been detected (step 
S701 in FIG. 22). 
0387 Hereinafter, a case where a synchronization signal 
associated with a priority lower than the priority of the 
cluster head 20H-2 and transmitted by the cluster head 
20H-1 has been detected will be assumed. In this case, the 
cluster head 20H-2 determines “Yes”, and moves to step 
S702 in FIG. 22. 

0388. Then, the cluster head 20H-2 changes a synchro 
nization signal transmission timing to the same timing as a 
timing at which the cluster head 20H-1 which is a transmis 
sion Source of the detected synchronization signal transmits 
the synchronization signal. Furthermore, the cluster head 
20H-2 changes the synchronization signal to the same signal 
as the detected synchronization signal (step S702 in FIG. 
22). Subsequently, the cluster head 20H-2 returns to step 
S104. 

0389 Consequently, the cluster members 20H-3 to 20H-6 
forming a cluster together with the cluster head 20H-1 can 
quickly switch the cluster head 20H which is to be a 
destination of connection. 

0390. In addition, in case where the synchronization 
signal associated with the priority lower than the priority of 
the cluster head 20H-2 and transmitted by the cluster head 
20H-1 has not been detected, the cluster head 20H-2 deter 
mines No in step S701 in FIG. 22. Then, the cluster head 
20H-2 returns to step S104 without executing a process in 
step S702. 
0391) Further, the cluster head 20H-2 may send a noti 
fication of synchronization signal information related to the 
changed synchronization signal to be transmitted by the 
cluster head 20H-2, to the cluster members 20H-7 to 20H-10 
forming a cluster together with the cluster head 20H-2. 
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0392 Consequently, even when a synchronization signal 
transmission timing and a synchronization signal are 
changed, the cluster members 20H-7 to 20H-10 can quickly 
detect the changed synchronization signal to be transmitted 
by the cluster head 20H-2. 
0393 For example, the cluster head 20H-2 may execute 
a process additionally including step S801 subsequent to 
step S702 in FIG. 22 as illustrated in FIG. 23. 
0394. When changing the synchronization signal and the 
synchronization signal transmission timing in step S702 in 
FIG. 23, the cluster head 20H-2 moves to step S801 in FIG. 
23. 

0395. Further, the cluster head 20H-2 transmits the syn 
chronization signal information to the cluster members 
20H-7 to 20H-10 (step S801 in FIG. 23). Each of the cluster 
members 20H-7 to 20H-10 detects the synchronization 
signal to be transmitted by the cluster head 20H-2 based on 
the received synchronization signal information. Subse 
quently, the cluster head 20H-2 returns to step S104. 
0396 Consequently, the cluster members 20H-7 to 20H 
10 can quickly detect changed synchronization signal. 
0397. In addition, when a synchronization signal is not 
associated with a priority, and a synchronization signal from 
the another terminal 20H is detected, the terminal 20H may 
notify the other terminals 20H of priorities each other. 

Fifth Embodiment 

0398 Next, a wireless communication system according 
to the fifth embodiment of the present invention will be 
described. The wireless communication system according to 
the fifth embodiment differs from the wireless communica 
tion system according to the second embodiment in stopping 
transmitting synchronization signals at certain timings. Such 
a difference will be mainly described below. In addition, in 
description of the fifth embodiment, components assigned 
the same reference numerals as those used in the second 
embodiment will be identical or substantially same compo 
nentS. 

0399 (Function) 
0400. As illustrated in FIG. 24, a terminal 20I according 
to the fifth embodiment functionally includes a controller 
206I instead of the controller 206D in FIG. 11. The con 
troller 206I includes the same functions as those of the 
controller 206D except that the controller 206I controls the 
synchronization signal generator 209 So as not to transmit 
synchronization signals at part of timings of a plurality of 
timings determined in advance as timings to transmit Syn 
chronization signals. 
04.01. In the present embodiment, synchronization sig 
nals are transmitted at a plurality of timings determined in 
advance in the wireless communication system. For 
example, a synchronization signal may be transmitted in a 
predetermined subframe. In the present embodiment, tim 
ings determined in advance as timings to transmit synchro 
nization signals in the wireless communication system will 
be also referred to as temporary transmission timings. 
0402. The controller 206I controls the synchronization 
signal generator 209 So as not to transmit synchronization 
signals at part of a plurality of temporary transmission 
timings. In the present embodiment, timings of a plurality of 
temporary transmission timings at which synchronization 
signals are not transmitted will be also referred to as 
transmission stop timings. 
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0403. The controller 206I controls the synchronization 
signal detector 204 to execute a process of detecting Syn 
chronization signals transmitted by the terminals 20I differ 
ent from the local terminal 20I at the transmission stop 
timings. 
0404 Consequently, it is possible to increase a probabil 

ity that synchronization signals to be transmitted from the 
other terminals 20I are detected. 
0405. In the present embodiment, each transmission stop 
timing is provided every time the temporary transmission 
timings come a certain number of times. For example, each 
transmission stop timing may be provided every time the 
five temporary transmission timings come. Further, each 
transmission stop timing may be a timing selected at random 
from the temporary transmission timings. 
0406 (Operation) 
04.07 Next, an operation of the terminal 20I according to 
the fifth embodiment will be described with reference to 
FIG. 25. 
0408. The terminal 20I according to the fifth embodiment 
executes a process additionally including steps S901 and 
S902 in a No route of step S103 in FIG. 12 instead of the 
process in FIG. 12. 
04.09. When determining No in step S103 in FIG. 25, the 
terminal 20I stands by until a temporary transmission timing 
comes (a No route in step S901 in FIG. 25). When the 
temporary transmission timing comes, the terminal 20I 
determines “Yes” in step S901, and determines whether or 
not the transmission stop timing has come (step S902 in FIG. 
25). 
0410. In case where the transmission stop timing has not 
come, the terminal 20I determines No in step S902, moves 
to step S104 and transmits a synchronization signal corre 
sponding to a priority (step S104 in FIG. 25). Subsequently, 
the terminal 20I executes the processes Subsequent to step 
S201 similar to the terminal 20D according to the second 
embodiment. 
0411 Meanwhile, in case where the transmission stop 
timing has come, the terminal 20I determines “Yes” in step 
S902, and moves to step S201 without transmitting a syn 
chronization signal. In this case, the terminal 20I executes a 
process of detecting a synchronization signal transmitted at 
the transmission stop timing by the other terminals 20I. 
Further, the terminal 20I executes the processes subsequent 
to step S201 similar to the terminal 20D according to the 
second embodiment. 
0412. As described above, the terminal 20I according to 
the fifth embodiment executes a process of detecting Syn 
chronization signals transmitted by the other terminals 20I 
without transmitting synchronization signals at part of tim 
ings (transmission stop timings in the present embodiment) 
of a plurality of temporary transmission timings. 
0413 Consequently, it is possible to increase a probabil 

ity that synchronization signals to be transmitted from the 
other terminals 20I are detected. 
0414. In addition, the terminal 20I may skip the process 
in step S902. 
0415. Further, the terminal 20I according to the fifth 
embodiment includes the function in addition to the func 
tions of the terminal 20D according to the second embodi 
ment yet may include the above function in addition to those 
of each of the terminal 20, or 20A to 20H according to the 
first, third or fourth embodiment instead of the terminal 20D 
according to the second embodiment. 
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0416. In addition, in each of the above embodiments, 
when a time from starting transmitting synchronization 
signals is longer than a certain threshold, the terminal 20 
may set the priority of the local terminal 20 to a maximum 
value among priorities used in a wireless communication 
system 1. 
0417 For example, as described above, in case where a 
priority which is higher as a value is Smaller and whose takes 
an integer value equal to or more than 0 is used in the 
wireless communication system 1, the maximum value 
among the priorities used in the wireless communication 
system 1 is 0. Hence, in this case, when a time from starting 
transmitting a synchronization signal is longer than a certain 
threshold, the terminal 20 may set the priority of the local 
terminal 20 to 0. 
0418 Consequently, it is possible to reduce a probability 
that the terminal 20 which has passed a sufficiently long time 
from starting transmitting the synchronization signal is 
changed from a cluster head to a cluster member. Thus, a 
terminal 20 serving as a cluster head is hardly frequently 
changed. Consequently, it is thus possible to reduce the 
number of the terminals 20 which change operation modes 
and the number of cluster members which change the 
terminal 20 which is to be a destination of connection. As a 
result, it is possible to reduce radio resources used by the 
cluster members to change the terminal 20 which is to be a 
destination of connection. Hence, it is possible to effectively 
use radio resources. 
0419 Further, in each of the above embodiments, a 
certain signal may be a known signal. For example, the 
known signal is a signal which the terminal 20 knows in 
advance. 
0420 Further, in each of the above embodiments, com 
munication which a plurality of terminals 20 directly per 
forms with each other may be referred to as direct commu 
nication or device to device (D2D) communication. 
Furthermore, in each of the above embodiments, commu 
nication which a plurality of terminals 20 performs via the 
base station 10 may be referred to as indirect communica 
tion. 
0421. In addition, in each of the above embodiments, the 
wireless communication system 1 may use a broadcast 
signal or a reference signal as a certain signal instead of a 
synchronization signal. 
0422 The broadcast signal indicates information broad 
cast to the terminal 20 positioned in a wireless area. This 
information is also referred to as broadcast information. For 
example, the broadcast information includes an MIB (Mas 
ter Information Block). For example, the MIB includes a 
frame number (SFN: System Frame Number) of a radio 
frame and a system bandwidth. Further, when the terminal 
20 transmits a broadcast signal, the broadcast signal may 
include an identifier (ID) for identifying the terminal 20. 
0423. The reference signal is used to measure at least one 
of reception power of radio signals, communication quality 
of radio signals and a state of a channel in which radio 
signals propagate. 
0424. It is possible to effectively use radio resources. 
0425 All examples and conditional language provided 
herein are intended for pedagogical purposes of aiding the 
reader in understanding the invention and the concepts 
contributed by the inventor to furthering the art, and are not 
to be construed as limitations to Such specifically recited 
examples and conditions, nor does the organization of Such 
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examples in the specification relate to a showing of the 
superiority and inferiority of the invention. Although one or 
more embodiments 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 plurality of terminals; and 
a wireless base station, 
wherein each of the plurality of terminals determines a 

priority of a local terminal related to transmission of a 
certain signal according to a certain rule when the 
certain signal is not received from the wireless base 
station. 

2. The wireless communication system according to claim 
1, wherein each of the plurality of terminals starts transmit 
ting the certain signal when the certain signal is not received 
until a time corresponding to the determined priority passes. 

3. The wireless communication system according to claim 
1, wherein the rule defines that the priority is determined 
based on information related to the terminal. 

4. The wireless communication system according to claim 
3, wherein the information related to the terminal includes at 
least one of a type of a user who possesses the terminal, a 
position of the terminal, whether the terminal is positioned 
indoor or outdoor, whether or not power is supplied to the 
terminal, a remaining amount of a battery of the terminal, a 
speed at which the terminal moves, performance of an 
antenna of the terminal, transmission power of the terminal, 
a number of usable communication schemes by the terminal, 
availability of a GPS (Global Positioning System) function 
of the terminal, and a billing state of the terminal. 

5. The wireless communication system according to claim 
3, wherein the rule defines that each of the plurality of 
terminals holds in advance a relationship, and determines 
the priority based on the held relationship, the relationship 
being a relationship between the information related to the 
terminal and the priority. 

6. The wireless communication system according to claim 
3, wherein 

the information related to the terminal includes a plurality 
of pieces of element information, and 

the rule defines that each of the plurality of terminals 
holds in advance a relationship, calculates a total Sum 
based on the held relationship and determines the 
priority based on the calculated total Sum, the relation 
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ship being a relationship between information contents 
and points for the plurality of pieces of element infor 
mation, the total sum being a total sum of the points for 
the plurality of pieces of element information. 

7. The wireless communication system according to claim 
1, wherein the rule defines that each of the plurality of 
terminals generates a pseudo random number, and deter 
mines the priority based on the generated pseudo random 
number. 

8. The wireless communication system according to claim 
1, wherein the rule defines that each of the plurality of 
terminals executes a process of detecting other terminals, 
and determines the priority based on a number of the other 
terminals detected by the process. 

9. The wireless communication system according to claim 
8, wherein the rule defines that each of the plurality of 
terminals determines the priority such that, as the number of 
other terminals detected by the local terminal is larger, the 
priority is higher. 

10. The wireless communication system according to 
claim 8, wherein the rule defines that each of the plurality of 
terminals determines the priority Such that, as a number of 
other terminals which have detected the local terminal is 
larger, the priority is higher. 

11. The wireless communication system according to 
claim 1, wherein the rule defines that the priority is deter 
mined based on input information. 

12. The wireless communication system according to 
claim 2, wherein each of the plurality of terminals makes the 
priority of the local terminal higher as a time from starting 
the transmission of the certain signal is longer. 

13. The wireless communication system according to 
claim 2, wherein a first terminal of the plurality of terminals 
stops the transmission of the certain signal at the first 
terminal in response to reception of the certain signal from 
a second terminal of the plurality of terminals having a 
higher priority than a priority of the first terminal. 

14. A terminal, wherein the terminal determines a priority 
according to a certain rule when the certain signal is not 
received from a wireless base station, the priority being 
related to transmission of the certain signal at the terminal. 

15. A processing method of a terminal, wherein the 
terminal determines a priority according to a certain rule 
when a certain signal is not received from a wireless base 
station, the priority being related to transmission of the 
certain signal at the terminal. 
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