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A network device that is used in a mobile communication 
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path passes through a core network, and D2D communica 
tion that is direct device-to-device communication in which 
a data path does not pass through the core network, com 
prises: a control unit that sets a D2D radio resource that is 
ensured for the D2D communication from radio resources be 
available to the mobile communication system. The control 
unit changes an amount of the D2D radio resource such that 
the D2D radio resource reaches an appropriate amount. 
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1. 

NETWORK DEVICE AND 
COMMUNICATION CONTROL METHOD 

TECHNICAL FIELD 

The present invention relates to a network device and a 
communication control method that are used in a mobile 
communication system that Supports D2D communication. 

BACKGROUND ART 

In 3GPP (3rd Generation Partnership Project) which is a 
project aiming to standardize a mobile communication sys 
tem, the introduction of Device to Device (D2D) commu 
nication is discussed as a new function after Release 12 (see 
Non Patent Document 1). 

In the D2D communication, a plurality of neighboring 
user terminals perform direct communication without any 
intervention of a core network. That is, a data path of the 
D2D communication does not pass through the core net 
work. On the other hand, a data path of normal communi 
cation (cellular communication) of a mobile communication 
system passes through the core network. 

PRIOR ART DOCUMENT 

Non-Patent Document 

Non Patent Document 1: 3GPP technical report “TR 22.803 
V12.O.O’ December 2012 

SUMMARY OF THE INVENTION 

Radio resources be available to a mobile communication 
system are limited. Thus, when radio resources ensured for 
the D2D communication are too much, there is a problem 
that radio resources available in cellular communication are 
reduced, or the influence of interference between the cellular 
communication and the D2D communication becomes large. 
On the other hand, when the radio resources ensured for 

the D2D communication are too small, there is a problem 
that it is difficult to effectively utilize the D2D communi 
cation. 

Therefore, the present invention provides a network 
device and a communication control method that are capable 
of Solving the aforementioned problems. 
A network device according to an embodiment is used in 

a mobile communication system that Supports cellular com 
munication in which a data path passes through a core 
network, and D2D communication that is direct device-to 
device communication in which a data path does not pass 
through the core network. The network device comprises: a 
control unit that sets a D2D radio resource that is ensured for 
the D2D communication from radio resources assigned to 
the mobile communication system. The control unit changes 
an amount of the D2D radio resource such that the D2D 
radio resource reaches an appropriate amount. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a configuration diagram of an LTE system 
according to a first embodiment to a third embodiment. 

FIG. 2 is a block diagram of UE according to the first 
embodiment to the third embodiment. 

FIG. 3 is a block diagram of eNB according to the first 
embodiment to the third embodiment. 
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2 
FIG. 4 is a protocol stack diagram of a radio interface in 

the LTE system. 
FIG. 5 is a configuration diagram of a radio frame used in 

the LTE system. 
FIG. 6 is a diagram for explaining a direct communication 

mode in D2D communication. 
FIG. 7 is a diagram for explaining a locally routed mode 

in the D2D communication. 
FIG. 8 is a diagram for describing an operation environ 

ment according to the first embodiment to the third embodi 
ment. 

FIG. 9 is a diagram for describing the dedicated resource 
assignment scheme. 

FIG. 10 is a diagram for describing the shared resource 
assignment scheme. 

FIG. 11 is a diagram for describing a method of control 
ling the D2D radio resource amount according to the first 
embodiment to the third embodiment. 

MODE FOR CARRYING OUT THE INVENTION 

Overview of Embodiment 

A network device according to the first embodiment to the 
third embodiment is used in a mobile communication system 
that Supports cellular communication in which a data path 
passes through a core network, and D2D communication 
that is direct device-to-device communication in which a 
data path does not pass through the core network. The 
network device comprises: a control unit that sets a D2D 
radio resource that is ensured for the D2D communication 
from radio resources be available to the mobile communi 
cation system. The control unit changes an amount of the 
D2D radio resource such that the D2D radio resource 
reaches an appropriate amount. 
The network device may be a base station or an upper 

node of a base station. The first embodiment to the third 
embodiment describes an example in which the network 
device is a base station. 

In the first embodiment, the appropriate amount is 
decided in accordance with an amount of traffic that is 
transmitted by at least one of the cellular communication 
and the D2D communication. 

In the second embodiment, the appropriate amount is 
decided in accordance with a QoS level required for traffic 
that is transmitted by at least one of the cellular communi 
cation and the D2D communication. 

In the third embodiment, the appropriate amount is 
decided in accordance with a time Zone. 

In the first embodiment to the third embodiment, the 
network device manages one cell or a plurality of cells. The 
control unit changes the amount of the D2D radio resource 
in units of cells. 

In the first embodiment to the third embodiment, when the 
amount of the D2D radio resource in a predetermined cell 
included in the one cell or the plurality of cells is changed, 
the control unit notifies a neighboring cell adjacent to the 
predetermined cell of information on the change. 

In other embodiment, the network device is a user termi 
nal controlling the D2D communication, in a cluster com 
prising a plurality of user terminals performing the D2D 
communication. The control unit changes the amount of the 
D2D radio resource in the cluster. 

In other embodiment, when the amount of the D2D radio 
resource in the cluster is changed, the control unit notifies 
other user terminal belongs to other cluster different from the 
cluster information on the change. 
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In the first embodiment to the third embodiment, a com 
munication control method is used in a mobile communi 
cation system that Supports cellular communication in which 
a data path passes through a core network, and D2D com 
munication that is direct device-to-device communication in 
which a data path does not pass through the core network. 
The communication control method comprises: a step A of 
setting, by a network device, a D2D radio resource that is 
ensured for the D2D communication from radio resources be 
available to the mobile communication system; and a step B 
of changing, by the network device, an amount of the D2D 
radio resource such that the D2D radio resource reaches an 
appropriate amount. 

First Embodiment 

Hereinafter, with reference to the accompanying draw 
ings, description will be provided for an embodiment in a 
case where D2D communication is introduced to a mobile 
communication system (an LTE system) configured based 
on the 3GPP Standards. 

(LTE System) 
FIG. 1 is a configuration diagram of an LTE system 

according to the first embodiment. As illustrated in FIG. 1, 
the LTE system includes a plurality of UEs (User Equip 
ments) 100, E-UTRAN (Evolved-Universals Terrestrial 
Radio Access Network) 10, and EPC (Evolved Packet Core) 
20. The E-UTRAN 10 corresponds to a radio access network 
and the EPC 20 corresponds to a core network. The 
E-UTRAN 10 and the EPC 20 configure a network of the 
LTE system. 
The UE 100 is a mobile communication device and 

performs radio communication with a cell (a serving cell) 
with which a connection is established. The UE 100 corre 
sponds to a user terminal. 
The E-UTRAN 10 includes a plurality of eNBs 200 

(evolved Node-Bs). The eNB 200 corresponds to a base 
station. The eNB 200 manages one or a plurality of cells and 
performs radio communication with the UE 100 which 
establishes a connection with the cell of the eNB 200. It is 
noted that the 'cell' is used as a term indicating a minimum 
unit of a radio communication area, and is also used as a 
term indicating a function of performing radio communica 
tion with the UE 100. 

The eNB 200, for example, has a radio resource manage 
ment (RRM) function, a function of routing user data, and a 
measurement control function for mobility control and 
scheduling. 
The EPC 20 includes a plurality of MME (Mobility 

Management Entity)/S-GWs (Serving-Gateways) 300. The 
MME is a network node for performing various mobility 
controls and the like for the UE 100 and corresponds to a 
controller. The S-GW is a network node that performs 
control to transfer user data and corresponds to a mobile 
switching center. The EPC 20 including the MME/S-GW 
300 accommodates the eNB 200. 
The eNBs 200 are connected mutually via an X2 inter 

face. Furthermore, the eNB 200 is connected to the MME/ 
S-GW 300 via an S1 interface. 

Next, the configurations of the UE 100 and the eNB 200 
will be described. 

FIG. 2 is a block diagram of the UE 100. As illustrated in 
FIG. 2, the UE 100 includes an antenna 101, a radio 
transceiver 110, a user interface 120, a GNSS (Global 
Navigation Satellite System) receiver 130, a battery 140, a 
memory 150, and a processor 160. The memory 150 and the 
processor 160 configure a control unit. The UE 100 may not 
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4 
have the GNSS receiver 130. Furthermore, the memory 150 
may be integrally formed with the processor 160, and this set 
(that is, a chip set) may be called a processor 160'. 
The antenna 101 and the radio transceiver 110 are used to 

transmit and receive a radio signal. The antenna 101 
includes a plurality of antenna elements. The radio trans 
ceiver 110 converts a baseband signal output from the 
processor 160 into the radio signal, and transmits the radio 
signal from the antenna 101. Furthermore, the radio trans 
ceiver 110 converts the radio signal received by the antenna 
101 into the baseband signal, and outputs the baseband 
signal to the processor 160. 
The user interface 120 is an interface with a user carrying 

the UE 100, and includes, for example, a display, a micro 
phone, a speaker, various buttons and the like. The user 
interface 120 receives an operation from a user and outputs 
a signal indicating the content of the operation to the 
processor 160. The GNSS receiver 130 receives a GNSS 
signal in order to obtain location information indicating a 
geographical location of the UE 100, and outputs the 
received signal to the processor 160. The battery 140 accu 
mulates a power to be supplied to each block of the UE 100. 
The memory 150 stores a program to be executed by the 

processor 160 and information to be used for a process by 
the processor 160. The processor 160 includes a baseband 
processor that performs modulation and demodulation, 
encoding and decoding and the like on the baseband signal, 
and a CPU (Central Processing Unit) that performs various 
processes by executing the program stored in the memory 
150. The processor 160 may further include a codec that 
performs encoding and decoding on Sound and video sig 
nals. The processor 160 executes various processes and 
various communication protocols described later. 

FIG. 3 is a block diagram of the eNB 200. As illustrated 
in FIG. 3, the eNB 200 includes an antenna 201, a radio 
transceiver 210, a network interface 220, a memory 230, and 
a processor 240. The memory 230 and the processor 240 
constitute a control unit. Furthermore, the memory 230 may 
be integrally formed with the processor 240, and this set 
(that is, a chip set) may be called a processor. 
The antenna 201 and the radio transceiver 210 are used to 

transmit and receive a radio signal. The antenna 201 
includes a plurality of antenna elements. The radio trans 
ceiver 210 converts the baseband signal output from the 
processor 240 into the radio signal, and transmits the radio 
signal from the antenna 201. Furthermore, the radio trans 
ceiver 210 converts the radio signal received by the antenna 
201 into the baseband signal, and outputs the baseband 
signal to the processor 240. 
The network interface 220 is connected to the neighboring 

eNB 200 via the X2 interface and is connected to the 
MME/S-GW 300 via the S1 interface. The network interface 
220 is used in communication performed on the X2 interface 
and communication performed on the S1 interface. 
The memory 230 stores a program to be executed by the 

processor 240 and information to be used for a process by 
the processor 240. The processor 240 includes the baseband 
processor that performs modulation and demodulation, 
encoding and decoding and the like on the baseband signal 
and a CPU that performs various processes by executing the 
program stored in the memory 230. The processor 240 
executes various processes and various communication pro 
tocols described later. 

FIG. 4 is a protocol stack diagram of a radio interface in 
the LTE system. As illustrated in FIG. 4, the radio interface 
protocol is classified into a layer 1 to a layer 3 of an OSI 
reference model, wherein the layer 1 is a physical (PHY) 
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layer. The layer 2 includes a MAC (Media Access Control) 
layer, an RLC (Radio Link Control) layer, and a PDCP 
(Packet Data Convergence Protocol) layer. The layer 3 
includes an RRC (Radio Resource Control) layer. 
The PHY layer performs encoding and decoding, modu 

lation and demodulation, antenna mapping and demapping, 
and resource mapping and demapping. Between the PHY 
layer of the UE 100 and the PHY layer of the eNB 200, data 
is transmitted via the physical channel. 
The MAC layer performs priority control of data, and a 

retransmission process and the like by hybrid ARQ 
(HARQ). Between the MAC layer of the UE 100 and the 
MAC layer of the eNB 200, data is transmitted via a 
transport channel. The MAC layer of the eNB 200 includes 
a transport format of an uplink and a downlink (a transport 
block size and a modulation and coding scheme (MCS)) and 
a scheduler for determining a resource block to be assigned. 
The RLC layer transmits data to an RLC layer of a 

reception side by using the functions of the MAC layer and 
the PHY layer. Between the RLC layer of the UE 100 and 
the RLC layer of the eNB 200, data is transmitted via a 
logical channel. 
The PDCP layer performs header compression and 

decompression, and encryption and decryption. 
The RRC layer is defined only in a control plane. Between 

the RRC layer of the UE 100 and the RRC layer of the eNB 
200, a control message (an RRC message) for various types 
of setting is transmitted. The RRC layer controls the logical 
channel, the transport channel, and the physical channel in 
response to establishment, re-establishment, and release of a 
radio bearer. When there is an RRC connection between the 
RRC of the UE 100 and the RRC of the eNB 200, the UE 
100 is in a connected state (an RRC connected state), and 
when there is no RRC connection, the UE 100 is in an idle 
state (an RRC idle state). 
A NAS (Non-Access Stratum) layer positioned above the 

RRC layer performs session management, mobility manage 
ment and the like. 

FIG. 5 is a configuration diagram of a radio frame used in 
the LTE system. In the LTE system, OFDMA (Orthogonal 
Frequency Division Multiplexing Access) is applied to a 
downlink, and SC-FDMA (Single Carrier Frequency Divi 
sion Multiple Access) is applied to an uplink, respectively. 
As illustrated in FIG. 5, the radio frame is configured by 

10 subframes arranged in a time direction, wherein each 
Subframe is configured by two slots arranged in the time 
direction. Each subframe has a length of 1 mS and each slot 
has a length of 0.5 ms. Each subframe includes a plurality of 
resource blocks (RBS) in a frequency direction, and a 
plurality of symbols in the time direction. The resource 
block includes a plurality of subcarriers in the frequency 
direction. Among radio resources assigned for the UE 100, 
a frequency resource can be specified by a resource block 
and a time resource can be specified by a subframe (or slot). 

In the downlink, an interval of several symbols at the head 
of each subframe is a control region used as a physical 
downlink control channel (PDCCH) for mainly transmitting 
a control signal. Furthermore, the other interval of each 
Subframe is a region available as a physical downlink shared 
channel (PDSCH) for mainly transmitting user data. Fur 
thermore, in the downlink, reference signals, such as cell 
specific reference signals (CRSs), are distributed and 
arranged in each subframe. 

In the uplink, both ends in the frequency direction of each 
Subframe are control regions used as a physical uplink 
control channel (PUCCH) for mainly transmitting a control 
signal. Further, the central portion in the frequency direction 
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6 
of each Subframe is a region mainly capable of being used 
as a physical uplink shared channel (PUSCH) for transmit 
ting user data. 
(D2D Communication) 
The LTE system according to the first embodiment Sup 

ports the D2D communication that is direct communication 
between UEs. Hereinafter, the D2D communication will be 
described in comparison with normal communication (cel 
lular communication) of the LTE system. 

In the cellular communication, a data path passes through 
the EPC 20 that is a core network. The data path indicates 
a communication path of user data (a user plane). On the 
other hand, in the D2D communication, the data path set 
between the UEs does not pass through the EPC 20. Thus, 
it is possible to reduce traffic load of the EPC 20. 
The UE 100 discovers another UE 100 that exists in the 

vicinity of the UE 100, and starts the D2D communication. 
The D2D communication includes a direct communication 
mode and a locally routed mode. 

FIG. 6 is a diagram for describing the direct communi 
cation mode in the D2D communication. As illustrated in 
FIG. 6, in the direct communication mode, a data path does 
not pass through the eNB 200. UE 100-1D and UE 100-2D 
adjacent to each other directly perform radio communication 
with low transmission power in a cell of the eNB 200. Thus, 
a merit including reduction of power consumption of the UE 
100 and decrease of interference to a neighboring cell can be 
obtained. 

FIG. 7 is a diagram for describing the locally routed mode 
in the D2D communication. As illustrated in FIG. 7, in the 
locally routed mode, a data path passes through the eNB 
200, however, does not pass through the EPC 20. That is, the 
UE 100-1D and the UE 100-2D perform radio communica 
tion via the eNB 200 without any intervention of the EPC 20 
in a cell of the eNB 200. The locally routed mode is able to 
reduce traffic load of the EPC 20, however, has small merit 
as compared with the direct communication mode. Thus, in 
the first embodiment, the direct communication mode is 
mainly assumed. 

(Operation According to First Embodiment) 
In the first embodiment, the case, in which the D2D 

communication is performed in a frequency band (a licensed 
band) of the LTE system, is assumed. In Such a case, the 
D2D communication is performed under the control of a 
network. 

FIG. 8 is a diagram for describing an operation environ 
ment according to the first embodiment. As illustrated in 
FIG. 8, UE 100-C is a cellular UE (a cellular terminal) that 
performs the cellular communication in a cell of the eNB 
200. The cellular UE 100-C in a connected state performs 
the cellular communication by using a radio resource that is 
assigned from the eNB 200. The cellular UE 100-C 
exchanges user data and a control signal with the eNB 200. 
The UE 100-1D and the UE 100-2D are D2D UEs (D2D 

terminals) that perform the D2D communication in the cell 
of the eNB 200. The D2D UE 100-1D and the D2D UE 
100-2D in a connected state perform the D2D communica 
tion by using a radio resource that is assigned from the eNB 
200. The D2D UE 100-1D and the D2D UE 100-2D 
exchange user data with each other, and exchange a control 
signal with the eNB 200. 
As described above, in the first embodiment, the cellular 

UE 100-C and the D2D UE 100-D (the UE 100-1D and the 
UE 100-2D) camp on the same cell. However, the D2D UE, 
which is a part included in a D2D UE group that performs 
the D2D communication, may camp on another cell or may 
be located out of a service area. 
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When the D2D communication is performed in the fre 
quency band of the LTE system, there are two schemes of a 
dedicated resource assignment scheme and a shared resource 
assignment scheme in order to ensure a radio resource for 
being assigned to the D2D communication. 

FIG. 9 is a diagram for describing the dedicated resource 
assignment scheme. As illustrated in FIG. 9, the dedicated 
resource assignment scheme is a scheme in which a radio 
resource for the D2D communication (a D2D radio 
resource) is not shared with a radio resource for the cellular 
radio resource (a cellular radio resource) that is assigned to 
the cellular communication. In the example of FIG. 9. 
among radio resources (specifically, time/frequency 
resources) corresponding to three subframes, several 
resource blocks positioned at the center in the central 
subframe are ensured as the D2D radio resource. In this case, 
the D2D radio resource is a radio resource dedicated for the 
D2D communication. According to the dedicated resource 
assignment scheme, it is possible to avoid interference 
between the cellular communication and the D2D commu 
nication, however, the cellular radio resource relatively 
decreases, and thus, there is a problem that the use efficiency 
of the radio resource is poor. 

FIG. 10 is a diagram for describing the shared resource 
assignment scheme. As illustrated in FIG. 10, the shared 
resource assignment scheme is a scheme in which the D2D 
radio resource is shared with the cellular radio resource. In 
the example of FIG. 10, among radio resources correspond 
ing to three subframes, several resource blocks positioned at 
the center in the central subframe are also used as the D2D 
radio resource as well as the cellular radio resource. In this 
case, the D2D radio resource is a radio resource shared with 
the cellular communication. The D2D radio resource is 
spatially separated from the cellular radio resource. Accord 
ing to the shared resource assignment scheme, the use 
efficiency of the radio resource is high, however, there is a 
problem that interference easily occurs between the cellular 
communication and the D2D communication, that is, com 
munication quality easily deteriorates. 

In addition, in any one of the dedicated resource assign 
ment Scheme and the shared resource assignment scheme, 
there are the case in which the D2D radio resources are 
provided in uplink cellular radio resources, the case in which 
the D2D radio resources are provided in downlink cellular 
radio resources, and the case in which these two cases are 
used together. Hereinafter, the case, in which the D2D radio 
resources are provided in the uplink cellular radio resources, 
is mainly assumed. 

In the first embodiment, the eNB 200 sets the D2D radio 
resources that are ensured for the D2D communication, by 
the dedicated resource assignment scheme or the shared 
resource assignment scheme. Then, the eNB 200 assigns a 
radio resource to the D2D UE 100-D from the ensured D2D 
radio resources. 

In this case, when the D2D radio resources are too much 
in the dedicated resource assignment Scheme, radio 
resources available in the cellular communication are 
reduced. Furthermore, when the D2D radio resources are too 
much in the shared resource assignment scheme, the influ 
ence of interference between the cellular communication 
and the D2D communication becomes large. On the other 
hand, when the D2D radio resources are too small in the 
dedicated resource assignment scheme or the shared 
resource assignment scheme, it is difficult to effectively 
utilize the D2D communication. 

In this regard, the eNB 200 changes the amount of the 
D2D radio resources such that the D2D radio resources 
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8 
reach an appropriate amount. In the first embodiment, the 
appropriate amount of the D2D radio resources is decided in 
accordance with the amount of traffic that is transmitted by 
the cellular communication and/or the D2D communication. 
In this case, the traffic mainly indicates user data. 

Each cellular UE 100-C in a connected state in the cell of 
the eNB 200 transmits, to the eNB 200, a buffer status report 
(BSR) indicating the transmission buffer amount of the 
cellular UE 100-C (that is, the amount of traffic to be 
transmitted). The eNB 200 accumulates transmission buffer 
amounts indicated by BSRs with respect to each cellular UE 
100-C, thereby recognizing an amount of traffic that is 
transmitted by the cellular communication (hereinafter, a 
cellular traffic amount). In addition, when the D2D radio 
resources are provided in the downlink cellular radio 
resources, it is sufficient if the eNB 200 recognizes the 
transmission buffer amount of the eNB 200 as the cellular 
traffic amount. 

Furthermore, each D2D UE 100-D in the connected state 
in the cell of the eNB 200 transmits, to the eNB 200, a D2D 
buffer status report (D2D-BSR) indicating the transmission 
buffer amount of the D2D UE 100-D. The eNB 200 accu 
mulates transmission buffer amounts indicated by D2D 
BSRs with respect to each D2D UE 100-D, thereby being 
able to recognize an amount of traffic that is transmitted by 
the D2D communication (hereinafter, a D2D traffic amount). 

For example, in a first method, the eNB 200 reduces the 
amount of the D2D radio resources (hereinafter, a D2D radio 
resource amount) when the D2D traffic amount is small, and 
increases the D2D radio resource amount when the D2D 
traffic amount is large. 

Alternatively, in a second method, the eNB 200 increases 
the D2D radio resource amount when the cellular traffic 
amount is Small, and reduces the D2D radio resource amount 
when the cellular traffic amount is large. 

Alternatively, in a third method, the eNB 200 reduces the 
D2D radio resource amount when a ratio of the D2D traffic 
amount with respect to a total traffic amount is Small, and 
increases the D2D radio resource amount when the ratio is 
large. 

FIG. 11 is a diagram for describing a method of control 
ling the D2D radio resource amount according to the first 
embodiment. Hereinafter, a specific example of the afore 
mentioned third method will be described. 
As illustrated in FIG. 11, in the cell of the eNB 200, a 

cellular UE 100-1C to a cellular UE 100-3C are performing 
cellular communication, and a D2D UE 100-1D to a D2D 
UE 100-4D are performing D2D communication. 

Firstly, the eNB 200 recognizes a cellular traffic amount 
(a total transmission buffer amount) on the basis of BSR that 
is received from each cellular UE 100-C. Furthermore, the 
eNB 200 recognizes a D2D traffic amount (a total transmis 
sion buffer amount) on the basis of D2D-BSR that is 
received from each D2D UE 100-D. 

Secondly, the eNB 200 calculates the sum of the cellular 
traffic amount and the D2D traffic amount as a total traffic 
amount. Then, the eNB 200 calculates a ratio P of the D2D 
traffic amount with respect to the total traffic amount (the 
D2D traffic amount/the total traffic amount). 

Thirdly, the eNB 200 compares the calculated ratio P with 
a threshold value and decides a D2D radio resource amount 
in accordance with a comparison result. The number of the 
threshold values differs according to the number of steps in 
which the D2D resource amount is changed. For example, 
when the D2D radio resource amount is changed in three 
steps of R0, R1, and R2 (R0<R1<R2), two threshold values 
of Th0 and Th1 (Tho<Th1) are provided, so that it is 



US 9,719,383 B2 

possible to decide the D2D radio resource amount according 
to the following method in which 

Alternatively, in the case in which three resources A, B, 
and C are prepared as candidates of the D2D radio resources, 
the following method may be adopted in which 

(A is ON when P-Tho), 
(A and B are ON when ThosPsTh1), and 
(A, B, and C are ON when Th1sP). 
Fourthly, when the decided D2D radio resource amount is 

different from an amount up to now, the eNB 200 changes 
the D2D radio resource amount to the decided amount. 

Accordingly, according to the first embodiment, the eNB 
200 is able to set the D2D radio resource amount as an 
appropriate amount in accordance with a traffic situation, so 
that it is possible to improve the overall throughput of the 
cellular communication and the D2D communication. Fur 
thermore, the eNB 200 changes the D2D radio resource 
amount in units of cells, so that it is possible to optimize the 
D2D radio resource amount for each cell. 

Second Embodiment 

Hereinafter, the second embodiment will be described 
while focusing on the differences from the aforementioned 
first embodiment. Similarly to the first embodiment, the eNB 
200 according to the second embodiment changes the 
amount of the D2D radio resources such that the D2D radio 
resources reach an appropriate amount. 

However, in the second embodiment, the appropriate 
amount of the D2D radio resources is decided in accordance 
with a QoS (Quality of Service) level required for traffic that 
is transmitted by cellular communication and/or D2D com 
munication. Other points are the same as those of the first 
embodiment. 
A method of controlling the D2D radio resource amount 

according to the second embodiment will be described with 
reference to FIG. 11. 

Firstly, each cellular UE 100-C in a connected state in the 
cell of the eNB 200 transmits, to the eNB 200, BSR 
indicating a transmission buffer amount for each QoS level 
required for the traffic of the cellular UE 100-C. Further 
more, each D2D UE 100-D in a connected state in the cell 
of the eNB 200 transmits, to the eNB 200, D2D-BSR 
indicating a transmission buffer amount for each QoS level 
required for the traffic of the D2D UE 100-D. 

Secondly, on the basis of BSRs received from each 
cellular UE 100-C, the eNB 200 accumulates transmission 
buffer amounts (for example, real time packet amounts) 
having a QoS level equal to or more than a predetermined 
level, and recognizes a high QoS cellular traffic amount. 
Furthermore, on the basis of D2D-BSRs received from each 
D2D UE 100-D, the eNB 200 accumulates transmission 
buffer amounts having a QoS level equal to or more than a 
predetermined level, and recognizes a high QoS D2D traffic 
amount. 

Thirdly, the eNB 200 calculates the sum of the high QoS 
cellular traffic amount and the high QoS D2D traffic amount 
as the total high QoS traffic amount. Then, the eNB 200 
calculates a ratio P(=the high QoS D2D traffic amount/the 
total high QoS traffic amount) of the high QoS D2D traffic 
amount with respect to the total high QoS traffic amount. 
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10 
Fourthly, the eNB 200 compares the calculated ratio P 

with a threshold value and decides a D2D radio resource 
amount in accordance with a comparison result. The number 
of the threshold values differs according to the number of 
steps in which the D2D resource amount is changed. For 
example, when the D2D radio resource amount is changed 
in three steps of R0, R1, and R2 (R0<R1<R2), two threshold 
values of Th0 and Th1 (Th0<Th1) are provided, so that it is 
possible to decide the D2D radio resource amount according 
to the following method in which 

Alternatively, in the case in which three resources A, B, 
and C are prepared as candidates of the D2D radio resources, 
the following method may be adopted in which 

(A is ON when P-Tho), 
(A and B are ON when ThosP<Th1), and 
(A, B, and C are ON when Th1sP). 
Fifthly, when the decided D2D radio resource amount is 

different from an amount up to now, the eNB 200 changes 
the D2D radio resource amount to the decided amount. 

Accordingly, according to the second embodiment, the 
eNB 200 is able to set the D2D radio resource amount as an 
appropriate amount in accordance with a situation of high 
QoS traffic, so that it is possible to improve the overall 
throughput of the cellular communication and the D2D 
communication and to enhance user experience. Further 
more, the eNB 200 changes the D2D radio resource amount 
in units of cells, so that it is possible to optimize the D2D 
radio resource amount for each cell. 

Modification of Second Embodiment 
As well as a method of changing the D2D radio resource 

amount on the basis of the high QoS traffic amount (the high 
QoS transmission buffer amount), the following method 
may also be employed. 

In the present modification, the eNB 200 changes the D2D 
radio resource amount on the basis of the number of cellular 
UE 100-Cs having traffic with a high QoS level required 
(hereinafter, a high QoS cellular UE number), and/or the 
number of D2D UE 100-Cs having traffic with a high QoS 
level required (hereinafter, a high QoS D2D UE number). 

For example, the eNB 200 may also reduce the D2D radio 
resource amount when the high QoS D2D UE number is 
small, and increase the D2D radio resource amount when the 
high QoS D2D UE number is large. Alternatively, the eNB 
200 may also increase the D2D radio resource amount when 
the high QoS cellular UE number is small, and reduce the 
D2D radio resource amount when the high QoS cellular UE 
number is large. Alternatively, similarly to the aforemen 
tioned second embodiment, the eNB 200 may also change 
the D2D radio resource amount in accordance with the ratio 
of the high QoS D2D UE number with respect to the total 
number of high QoS UEs. 

In addition, in the present modification, the eNB 200 may 
not necessarily use the BSR (and the D2D-BSR). For 
example, since the UE 100 establishes a radio bearer cor 
responding to a QoS level, the eNB 200 may recognize the 
QoS level on the basis of bearer attributes of each UE 100. 

Third Embodiment 

Hereinafter, the third embodiment will be described while 
focusing on the differences from the aforementioned first 
embodiment. 



US 9,719,383 B2 
11 

Similarly to the first embodiment, the eNB 200 according to 
the third embodiment changes the amount of the D2D radio 
resources such that the D2D radio resources reach an appro 
priate amount. 

However, in the third embodiment, the appropriate 5 
amount of the D2D radio resources is decided in accordance 
with a time Zone. Other points are the same as those of the 
first embodiment. 
A method of controlling the D2D radio resource amount 

according to the third embodiment will be described with 10 
reference to FIG. 11. 

Firstly, the eNB 200 stores schedule information indicat 
ing a schedule of the D2D radio resource amount for each 
time Zone. The schedule information may be set by an upper 
node of the eNB 200, or may be set in response to a user 15 
operation. Hereinafter, the case, in which the eNB 200 is an 
indoor base station (HeNB) that manages a small cell, is 
assumed. When a D2D-compatible UE is contracted and 
introduced as an extension for office and there is a contract 
including 08:00 to 21:00 (a D2D extension contract) and 20 
21:00 to 08:00 (no D2D extension contract), it is planned 
that the D2D radio resource amount is to be large for 08:00 
to 21:00 and is to be Small for 21:00 to 08:00. 

Secondly, the eNB 200 changes the D2D radio resource 
amount for each time Zone on the basis of the stored 25 
schedule information. 

Accordingly, according to the third embodiment, the eNB 
200 is able to set the D2D radio resource amount to an 
appropriate amount by a simple method. In addition, the 
eNB 200 may employ a scheduled D2D radio resource 30 
amount as an initial value, and correct the initial value by 
using the method described in each of the aforementioned 
embodiments. 

Other Embodiments 35 

In each of the aforementioned embodiments, the case is 
described where the licensed band is one frequency band 
(band); however, this is not limiting. The licensed band may 
be a plurality of frequency bands. Specifically, when the 40 
eNB 200 manages a plurality of frequency bands (2-GHz 
band, 800-MHz band, etc.), the eNB 200 may set the D2D 
radio resource, out of radio resources over the plurality of 
frequency bands. For example, the eNB 200 may set, as the 
D2D radio resource, the radio resource in a frequency band 45 
(for example, 2-GHz band) different from the frequency 
band (for example, 800-MHz band) to which the cell in 
which the UE 100 exists belongs. 

Further, in each of the aforementioned embodiments, the 
D2D radio resource is set from the radio resources in the 50 
frequency band (licensed band) of the LTE system; however, 
this is not limiting. For example, the D2D radio resource 
may be set from a radio resource in a frequency band 
(so-called unlicensed band) not assigned to a particular 
system including the mobile communication system, and a 55 
radio resource in a frequency band (so-called white space) 
not (actively) used. When these frequency bands are avail 
able in the LTE system, the eNB 200 may set the D2D radio 
resource from radio resources in these frequency bands 
(and/or the licensed bands) and change the amount of D2D 60 
radio resources so that the D2D radio resources reach an 
appropriate amount. 

In each of the aforementioned embodiments, inter-cell 
cooperation has not been particularly mentioned. However, 
information on the D2D radio resource amount may be 65 
shared among cells. When the eNB 200 changes the D2D 
radio resource amount in the cell of the eNB 200, the eNB 

12 
200 notifies a cell adjacent to the cell of the eNB 200 (a 
neighboring cell) of information on the change. For 
example, the eNB 200 transmits information indicating a 
changed D2D radio resource amount to another eNB 200 
that manages the neighboring cell, on the X2 interface or the 
S1 interface. When the information on the D2D radio 
resource amount is shared among cells, the D2D radio 
resource amount of the neighboring cell may be considered 
in determination regarding whether or not to change the 
D2D radio resource amount of the cell of the eNB 200, or 
determination of an appropriate D2D radio resource amount 
of the cell of the eNB 200. Alternatively, the eNB 200 
recognizes the D2D radio resource amount in the neighbor 
ing cell, thereby being also able to estimate interference with 
cellular communication of the cell of the eNB 200. 

Moreover, the information on the D2D radio resource 
amount shared among cells may include the location (a 
location in a time direction and a location in a frequency 
direction) of a D2D radio resource. In this way, when the 
location of a D2D radio resource of the cell of the eNB 200 
(the cell 1) is decided, it is possible to consider the location 
of a D2D radio resource in the neighboring cell (the cell 2). 
Alternatively, when the location of a D2D radio resource 
may be requested to be changed from the cell 1 to the cell 
2, and a determination result (Yes or No) in the cell 2 may 
be notified to the cell 1. 

Each of the aforementioned embodiments has described 
an example in which the eNB 200 changes the amount of the 
D2D radio resources. However, the amount of the D2D radio 
resources may be changed by an upper node (for example, 
an MME) of the eNB 200. 

Furthermore, each of the aforementioned embodiments 
has mainly described the direct communication mode in the 
D2D communication. However, instead of the direct com 
munication mode or in addition to the direct communication 
mode, the locally routed mode may also be applied. 

In each of the aforementioned embodiments, the plurality 
of D2D UEs are capable of sharing the D2D radio resource 
(the radio resource dedicated to the D2D communication 
and/or the radio resource shared with the cellular commu 
nication). Therefore, each of the plurality of D2D UEs is 
capable of performing D2D communication by using the 
D2D radio resources spatially separated to each other. Fur 
ther, when there are a plurality of D2D UE clusters including 
a plurality of UEs adjacent to each other (hereinafter, 
referred to as “clusters'), the plurality of clusters are capable 
of similarly sharing the D2D radio resource. The UE that 
serves as a reference for synchronization in the cluster and 
that controls the D2D communication in the cluster is 
referred to as “cluster head'. 
The cluster head may set a radio resource ensured for the 

D2D communication in a cluster to which the cluster head 
belongs in accordance with a dedicated resource assignment 
scheme or a shared resource assignment scheme described 
below, out of radio resources dedicated to the D2D com 
munication. Then, the cluster head may assign the radio 
resource to the D2D UE belonging to the cluster, out of the 
ensured radio resources. 

Here, unlike in the above-described embodiments, the 
dedicated resource assignment Scheme used by the cluster 
head is a scheme in which the radio resource for D2D 
communication (radio resource for a cluster) used in the 
cluster to which the cluster head belongs is not used com 
monly with the radio resource for D2D communication used 
in another cluster (radio resource for another cluster). On the 
other hand, unlike in the above-described embodiments, the 
shared resource assignment scheme used by the cluster head 
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is a scheme in which the radio resource for a cluster is used 
commonly with the radio resource for another cluster. 
The cluster head is capable of changing the amount of the 

radio resources for a cluster so that the radio resources for 
a cluster reach an appropriate amount. The appropriate 
amount of the radio resources for a cluster is defined, in 
much the same way as in each of the above-described 
embodiments, in accordance with at least one of the amount 
of traffic transmitted by the D2D communication, QoS 
requested for the traffic transmitted by the D2D communi 
cation, and a time Zone. 
The cluster head may set, out of radio resources dedicated 

to the D2D communication, a radio resource ensured for the 
D2D communication in a predetermined UE, out of plurality 
of D2D UEs configuring a cluster to which the cluster head 
belongs, in accordance with a dedicated resource assignment 
scheme or a shared resource assignment scheme described 
below. Then, the cluster head may assign the radio resource 
to the D2DUE belonging to the cluster, out of the ensured 
radio resources. 
The dedicated resource assignment scheme here is a 

scheme in which the radio resource for D2D communication 
used by a predetermined UE is not used commonly with the 
radio resource for D2D communication used by another UE 
belonging to the cluster. On the other hand, the shared 
resource assignment scheme is a scheme in which the radio 
resource for D2D communication used by a predetermined 
UE is used commonly with the radio resource for D2D 
communication used by another UE belonging to the cluster. 
The cluster head is capable of changing the amount of the 

radio resources so that the radio resources for D2D com 
munication used by a predetermined UE reach an appropri 
ate amount, in much the same way as described above. It is 
noted that the cluster head is capable of assigning the radio 
resource when each of the plurality of D2D UEs configuring 
the cluster is regarded as a predetermined UE. 

Further, in much the same way as in the above-described 
inter-cell cooperation, information on the D2D radio 
resource amount in the cluster may be shared among the 
clusters. The cluster head notifies another cluster different 
from the cluster (for example, an adjacent cluster) of the 
information on the change, when changing the D2D radio 
resource amount in the cluster to which the cluster head 
belongs. For example, a cluster head 100-1 transmits infor 
mation indicating the changed D2D radio resource amount, 
by the D2D communication, to a cluster head 100-2 belong 
ing to another cluster. Alternatively, the cluster head 100-1 
may transmit the information indicating the changed D2D 
radio resource amount, by way of the eNB 200, to the cluster 
head 100-2. 
When the information on the D2D radio resource amount 

is shared among the cluster, the cluster head 100-1 may take 
into consideration the D2D radio resource amount in another 
cluster when determining whether the D2D radio resource 
amount in its own cluster is to be changed or when deter 
mining the appropriate D2D radio resource amount in its 
own cluster. Alternatively, the cluster head 100-1 is also 
capable of estimating the interference with another cluster 
by recognizing the D2D radio resource amount in the other 
cluster. 

Moreover, the information on the D2D radio resource 
amount shared among the cluster may include the location (a 
location in a time direction and a location in a frequency 
direction) of the D2D radio resource. 

Each of the aforementioned embodiments has described 
an example in which the present invention is applied to the 
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14 
LTE system. However, the present invention may also be 
applied to Systems, other than the LTE system, as well as the 
LTE system. 

In addition, the entire content of U.S. Provisional Appli 
cation No. 61/766,536 (filed on Feb. 19, 2013) is incorpo 
rated in the present specification by reference. 

INDUSTRIAL APPLICABILITY 

As described above, the network device and the commu 
nication control method according to the present invention 
can use D2D communication effectively, and thus they are 
useful for a mobile communication field. 

The invention claimed is: 
1. A base station that is used in a mobile communication 

system that Supports cellular communication in which a data 
path passes through a core network, and D2D communica 
tion that is direct device-to-device communication in which 
a data path does not pass through the core network, the base 
station comprising: 

a controller configured to set D2D radio resources in a cell 
managed by the base station for the D2D communica 
tion from radio resources available to the mobile com 
munication system, wherein the controller is further 
configured to change an amount of the D2D radio 
resources in the cell such that the D2D radio resources 
in the cell reaches an appropriate amount, wherein the 
appropriate amount is decided in accordance with an 
amount of traffic that is transmitted by at least one of 
the cellular communication and the D2D communica 
tion, and wherein the appropriate amount is decided in 
accordance with a time Zone; and a transmitter config 
ured to transmit D2D radio resource information to 
another base station, the D2D radio resource informa 
tion indicating the changing on the D2D radio 
resources in the cell. 

2. The base station according to claim 1, wherein 
the appropriate amount is decided in accordance with a 
QoS level required for traffic that is transmitted by at 
least one of the cellular communication and the D2D 
communication so as to enhance overall user experi 
CCC. 

3. A communication control method that is used in a 
mobile communication system that Supports cellular com 
munication in which a data path passes through a core 
network, and D2D communication that is direct device-to 
device communication in which a data path does not pass 
through the core network, comprising: 

a step A of setting, by a base station, D2D radio resources 
in a cell managed by the base station for the D2D 
communication from radio resources available to the 
mobile communication system; and 

a step B of changing, by the base station, an amount of the 
D2D radio resources in the cell such that the D2D radio 
resources in the cell reaches an appropriate amount 
wherein the appropriate amount is decided in accor 
dance with an amount of traffic that is transmitted by at 
least one of the cellular communication and the D2D 
communication, and wherein the appropriate amount is 
decided in accordance with a time Zone, and 

a step of transmitting, by the base station, D2D radio 
resource information to another base station, the D2D 
radio resource information indicating the changing on 
the D2D radio resources in the cell. 
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4. The base station according to claim 1, wherein the 
appropriate amount being an amount that improves overall 
throughput for data passing through both D2D paths and 
cellular communication paths that use the core network, and 
the core network is an Evolved Packet Core (EPC). 
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