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(54) MOBILE COMMUNICATION METHOD

(57) A mobile communication method is a method
for performing predetermined communication between a
base station and a second user terminal by using a nar-
row band of a second bandwidth narrower than a first
bandwidth supportable by a first user terminal in one unit
time. The mobile communication method comprises: a
step A of transmitting, from the base station to the second
user terminal, narrow band allocation information for al-

locating two or more narrow bands to the second user
terminal as allocation information of the narrow band
used for the predetermined communication; and a step
B in which the second user terminal performs the prede-
termined communication by using the two or more narrow
bands based on the narrow band allocation information.
The two or more narrow bands are provided within a
bandwidth supportable by the second user terminal.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a mobile com-
munication method by which predetermined communi-
cation is performed between a base station and a second
user terminal by using a narrow band of a second band-
width narrower than a first bandwidth that can be sup-
ported by the first user terminal in one unit time.

BACKGROUND ART

[0002] In 3rd Generation Partnership Project (3GPP)
as a standardization project of a mobile communication
system, there has been studied a technique for commu-
nicating with a second user terminal using a narrow sec-
ond bandwidth (for example, 6 physical resource blocks
(PRBs) = 1.08 MHz) narrower than a first bandwidth (for
example, 9 MHz) that a first user terminal can support in
one unit time (for example, one subframe = 1 msec)
(hereinafter referred to as "machine type communication
(MTC)") (for example, refer to Non Patent Literature 1).

CITATION LIST

NON PATENT LITERATURE

[0003] Non Patent Literature 1: 3GPP Technical Re-
port "TR 36.888V 12.0.0" June 2013

SUMMARY

[0004] A first aspect is a mobile communication meth-
od for performing predetermined communication be-
tween a base station and a second user terminal by using
a narrow band of a second bandwidth narrower than a
first bandwidth supportable by a first user terminal in one
unit time, comprising: a step A of transmitting, from the
base station to the second user terminal, narrow band
allocation information for allocating two or more narrow
bands to the second user terminal as allocation informa-
tion of the narrow band used for the predetermined com-
munication; and a step B in which the second user ter-
minal performs the predetermined communication by us-
ing the two or more narrow bands based on the narrow
band allocation information. The two or more narrow
bands are provided within a bandwidth supportable by
the second user terminal.
[0005] A second aspect is a mobile communication
method for performing predetermined communication
between a base station and a second user terminal by
using a narrow band of a second bandwidth narrower
than a first bandwidth supportable by a first user terminal
in one subframe, comprising: a step A of transmitting,
from the base station to the second user terminal, narrow
band allocation information for allocating two or more
subframes to the second user terminal as allocation in-

formation of the narrow band used for the predetermined
communication; and a step B in which the second user
terminal performs the predetermined communication by
using the narrow band included in the two or more sub-
frames based on the narrow band allocation information.
[0006] A third aspect is a mobile communication meth-
od for performing predetermined communication be-
tween a base station and a second user terminal by using
a narrow band of a second bandwidth narrower than a
first bandwidth supportable by a first user terminal in one
subframe, comprising: a step A of transmitting, from the
base station to the second user terminal, narrow band
allocation information of the narrow band used for the
predetermined communication; and a step B in which the
second user terminal performs the predetermined com-
munication by using the narrow band included in the two
or more subframes based on the narrow band allocation
information. The step A includes a step of performing
downlink communication from the base station to the sec-
ond user terminal as the predetermined communication
in addition to communication of the narrow band alloca-
tion information in the one subframe. The narrow band
used for the communication of the narrow band allocation
information and the narrow band used for the downlink
communication are provided within the bandwidth sup-
portable by the second user terminal.
[0007] A fourth aspect is a mobile communication
method for performing predetermined communication
between a base station and a second user terminal by
using a narrow band of a second bandwidth narrower
than a first bandwidth supportable by a first user terminal
in one subframe, comprising: a step A of transmitting,
from the base station to the second user terminal, narrow
band allocation information used for the predetermined
communication; and a step B in which the second user
terminal performs the predetermined communication by
using the narrow band included in the two or more sub-
frames based on the narrow band allocation information.
The step B includes: a step of, when receiving uplink
narrow band allocation information as the narrow band
allocation information, performing uplink communication
from the second user terminal to the base station as the
predetermined communication in a subframe after a first
offset from a subframe in which the uplink narrow band
allocation information is received; a step of, when receiv-
ing downlink narrow band allocation information as the
narrow band allocation information, performing downlink
communication from the base station to the second user
terminal as the predetermined communication in a sub-
frame after a second offset from a subframe in which the
downlink narrow band allocation information is received;
and a step of, when the subframe in which the uplink
communication is performed is the same as the subframe
in which the downlink communication is performed, shift-
ing one of the subframe in which the uplink communica-
tion is performed and the subframe in which the downlink
communication is performed in a time direction.
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BRIEF DESCRIPTION OF DRAWINGS

[0008]

Fig. 1 is a configuration diagram of an LTE system
according to an embodiment.
Fig. 2 is a block diagram of a UE 100 according to
the embodiment.
Fig. 3 is a block diagram of an eNB 200 according
to the embodiment.
Fig. 4 is a protocol stack diagram of a radio interface
according to the embodiment.
Fig. 5 is a configuration diagram of a radio frame
used in the LTE system according to the embodi-
ment.
Fig. 6 is a diagram for explaining an application
scene according to the embodiment.
Fig. 7 is a diagram for explaining an application
scene according to the embodiment.
Fig. 8 is a diagram illustrating downlink communica-
tion according to the embodiment.
Fig. 9 is a diagram illustrating downlink communica-
tion according to the embodiment.
Fig. 10 is a diagram illustrating downlink communi-
cation according to the embodiment.
Fig. 11 is a diagram illustrating uplink communication
according to the embodiment.
Fig. 12 is a diagram illustrating uplink communication
according to the embodiment.
Fig. 13 is a diagram illustrating uplink communication
according to the embodiment.
Fig. 14 is a diagram illustrating a mobile communi-
cation method according to the embodiment.
Fig. 15 is a diagram illustrating frequency hopping
according to a first modification example.
Fig. 16 is a diagram illustrating frequency hopping
according to the first modification example.
Fig. 17 is a diagram illustrating frequency hopping
according to the first modification example.
Fig. 18 is a diagram illustrating narrow band alloca-
tion information according to a second modification
example.
Fig. 19 is a diagram illustrating blank information ac-
cording to a third modification example.
Fig. 20 is a diagram illustrating blank information ac-
cording to the third modification example.
Fig. 21 is a diagram illustrating blank information ac-
cording to the third modification example.
Fig. 22 is a diagram illustrating blank information ac-
cording to the third modification example.
Fig. 23 is a diagram illustrating blank information ac-
cording to the third modification example.
Fig. 24 is a diagram for explaining scheduling ac-
cording to a fourth modification example.
Fig. 25 is a diagram for explaining scheduling ac-
cording to the fourth modification example.
Fig. 26 is a diagram for explaining scheduling ac-
cording to the fourth modification example.

Fig. 27 is a diagram for explaining scheduling ac-
cording to the fourth modification example.
Fig. 28 is a diagram illustrating a mobile communi-
cation method according to the fourth modification
example.
Fig. 29 is a diagram for explaining scheduling ac-
cording to a fifth modification example.
Fig. 30 is a diagram for explaining scheduling ac-
cording to the fifth modification example.
Fig. 31 is a diagram for explaining the number of
repetitions according to the fifth modification exam-
ple.
Fig. 32 is a diagram for explaining scheduling ac-
cording to the fifth modification example.
Fig. 33 is a diagram illustrating an MSC table accord-
ing to an eighth modification example.
Fig. 34 is a diagram illustrating an MSC table accord-
ing to the eighth modification example.
Fig. 35 is a diagram illustrating an MSC table accord-
ing to the eighth modification example.
Fig. 36 is a configuration diagram (assumed envi-
ronment) of a communication system according to
another example.
Fig. 37 is a sequence diagram according to another
embodiment.
Fig. 38 is a diagram for explaining two options for
wider PDSCH/PUSCH for FeMTC service.
Fig. 39 is a diagram for explaining an outline of the
same sub-frame scheduling for FeMTC.
Fig. 40 is a diagram illustrating a transport block size
table.
Fig. 41 is a diagram illustrating a table of modulation,
TBS size, and redundancy version for PUSCH.

DESCRIPTION OF EMBODIMENTS

[0009] A mobile communication system according to
an embodiment is described below by referring to the
drawings. In the following description of the drawings,
same or similar reference numerals are given to denote
same or similar portions.
[0010] Note that the drawings are merely schematical-
ly shown and proportions of sizes and the like are different
from actual ones. Thus, specific sizes and the like should
be judged by referring to the description below. In addi-
tion, there are of course included portions where rela-
tionships or percentages of sizes of the drawings are
different with respect to one another.

[Overview of Disclosure]

[0011] The MTC mentioned in the background art has
been studied with a target of a second user terminal hav-
ing a low data amount and low mobility. However, con-
sidering a use case where MTC is applied to a wearable
terminal, it is desirable to increase the throughput in MTC.
[0012] A mobile communication according to the over-
view of disclosure is a method for performing predeter-
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mined communication between a base station and a sec-
ond user terminal by using a narrow band of a second
bandwidth narrower than a first bandwidth supportable
by a first user terminal in one unit time.
[0013] Firstly, the mobile communication method com-
prises: a step A of transmitting, from the base station to
the second user terminal, narrow band allocation infor-
mation for allocating two or more narrow bands to the
second user terminal as allocation information of the nar-
row band used for the predetermined communication;
and a step B in which the second user terminal performs
the predetermined communication by using the two or
more narrow bands based on the narrow band allocation
information. The two or more narrow bands are provided
within a bandwidth supportable by the second user ter-
minal.
[0014] In the overview of the disclosure, the base sta-
tion transmits narrowband allocation information that al-
locates two or more narrow bands to the second user
terminal, to the second user terminal as the narrowband
allocation information used for the predetermined com-
munication. That is, the throughput in the predetermined
communication can be increased by utilizing two or more
narrow bands.
[0015] The step A may be a step of transmitting the
narrow band allocation information including information
specifying the two or more narrow bands.
[0016] The mobile communication may comprises: a
step of transmitting, from the base station to the second
user terminal, a radio resource control (RRC) message
including information specifying a bandwidth supportable
by the second user terminal; and a step in which the base
station changes the number of bits of the narrow band
allocation information according to the bandwidth sup-
portable by the second user terminal.
[0017] The step A may include a step of transmitting,
from the base station to the second user terminal, infor-
mation for allocating two or more subframes to the sec-
ond user terminal. The step B may include a step in which
the second user terminal performs the predetermined
communication by using the narrow band included in the
two or more subframes based on the information for al-
locating the two or more subframes.
[0018] The step A may include a step of transmitting,
from the base station to the second user terminal, infor-
mation specifying whether to perform frequency hopping
of the narrow band in the two or more subframes.
[0019] A correspondence relationship between an in-
dex as information specifying a combination of the two
or more narrow bands and the combination of the two or
more narrow bands may be predetermined.
[0020] The predetermined communication may be
downlink communication from the base station to the sec-
ond user terminal. The two or more narrow bands may
be separated in a frequency direction.
[0021] The index may include a start index that spec-
ifies one of a plurality of narrow bands and a number
index that specifies the number of the two or more narrow

bands.
[0022] The plurality of narrow bands may be classified
into two or more groups. The two or more narrow bands
may be selected based on the number index from among
a group including the narrow band specified by the start
index.
[0023] The predetermined communication may be
downlink communication from the base station to the sec-
ond user terminal. In each of the two or more groups,
narrow bands included in each of the two or more groups
may be separated in a frequency direction.
[0024] The mobile communication method may com-
prise a step C of transmitting, from the base station to
the second user terminal, information specifying a pattern
of frequency hopping of the two or more narrow bands
and information specifying a resource block to be allo-
cated to the second user terminal in the two or more
narrow bands.
[0025] The pattern of the frequency hopping applied
to the second user terminal may be the same as a pattern
of frequency hopping applied to a third user terminal us-
ing one narrow band included in the two or more narrow
bands. The resource block allocated to the second user
terminal in the two or more narrow bands may be different
from a resource block allocated to the third user terminal
in the one narrow band.
[0026] A plurality of narrow bands may be classified
into two or more groups. The number of the two or more
groups may be determined by the number of times hop-
ping is performed in the frequency hopping applied to the
second user terminal. The frequency hopping applied to
the second user terminal may be performed between the
two or more groups while maintaining a state in which
the two or more narrow bands are included in one group.
[0027] The step A may include a step of transmitting
the narrow band allocation information including blank
information specifying a blank resource block not to be
allocated to the second user terminal in the two or more
narrow bands.
[0028] The blank information may includes information
specifying a narrow band to which the blank resource
block is applied and information specifying a position of
the blank resource block.
[0029] The two or more narrow bands may be consec-
utive in the frequency direction. The second user terminal
may use consecutive resource blocks in resource blocks
included in the two or more narrow bands. The blank
information may include information specifying a level of
frequency at which the blank resource block is to be ar-
ranged, and information specifying the number of the
blank resource blocks.
[0030] The two or more narrow bands may be consec-
utive in the frequency direction. The second user terminal
may use consecutive resource blocks in resource blocks
included in the two or more narrow bands. The blank
information may includes information specifying an ar-
rangement of the blank resource block.
[0031] Secondly, the mobile communication method
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comprises: a step A of transmitting, from the base station
to the second user terminal, narrow band allocation in-
formation for allocating two or more subframes to the
second user terminal as allocation information of the nar-
row band used for the predetermined communication;
and a step B in which the second user terminal performs
the predetermined communication by using the narrow
band included in the two or more subframes based on
the narrow band allocation information.
[0032] In the overview of the disclosure, the base sta-
tion transmits, to the second user terminal, narrowband
allocation information for allocating two or more sub-
frames to the second user terminal as the narrowband
allocation information used for the predetermined com-
munication. Therefore, it is possible to efficiently allocate
two or more subframes to the second user terminal while
suppressing an increase in narrowband allocation infor-
mation.
[0033] The step B may be a step of performing the
predetermined communication by using two or more hy-
brid automatic repeat request (HARQ) processes.
[0034] The narrow band allocation information may in-
clude information specifying the number of the two or
more subframes.
[0035] The narrow band allocation information may in-
clude information specifying the narrow band to be allo-
cated to the second user terminal in a first subframe out
of the two or more subframes.
[0036] The narrow band allocation information may in-
clude information specifying a resource block to be allo-
cated to the second user terminal in the narrow band
included in a first subframe out of the two or more sub-
frames.
[0037] The narrow band allocation information may in-
clude information specifying whether to perform frequen-
cy hopping of the narrow band in the two or more sub-
frames.
[0038] A timing of the frequency hopping of the narrow
band may be a timing specified by a radio resource con-
trol (RRC) message or a switching timing of repeated
transmission in the predetermined communication.
[0039] The step B may include a step of, in a case
where a setting of performing no repeated transmission
is made in the predetermined communication, using the
narrow band included in the second and subsequent sub-
frames out of the two or more subframes to perform the
predetermined communication using the narrow band in-
cluded in the first subframe out of the two or more sub-
frames.
[0040] The step B may include a step of performing
initial transmission by using the two or more HARQ proc-
esses and then performing retransmission by using the
two or more HARQ processes.
[0041] The step B may include a step of performing
initial transmission and retransmission by using a first
HARQ process included in the two or more HARQ proc-
esses and then performing initial transmission and re-
transmission using a second HARQ process included in

the two or more HARQ processes.
[0042] The step B may include a step B1 in which, when
the second user terminal receives first narrow band al-
location information as the narrow band allocation infor-
mation and then receives second narrow band allocation
information as the narrow band allocation information,
the second user terminal performs the predetermined
communication by using the second narrow band alloca-
tion information without using the first narrow band allo-
cation information.
[0043] The step B1 may be performed when a hybrid
automatic repeat request (HARQ) process of the second
narrow band allocation information is the same as an
HARQ process of the first narrow band allocation infor-
mation.
[0044] The step B may include a step B2 in which, when
the second user terminal receives first narrow band al-
location information as the narrow band allocation infor-
mation and then receives second narrow band allocation
information as the narrow band allocation information,
the second user terminal performs the predetermined
communication by using both the first narrow band allo-
cation information and the second narrow band allocation
information.
[0045] The step B2 may be performed when a hybrid
automatic repeat request (HARQ) process of the second
narrow band allocation information is different from an
HARQ process of the first narrow band allocation infor-
mation.
[0046] Thirdly, the mobile communication method
comprises: a step A of transmitting, from the base station
to the second user terminal, narrow band allocation in-
formation of the narrow band used for the predetermined
communication; and a step B in which the second user
terminal performs the predetermined communication by
using the narrow band included in the two or more sub-
frames based on the narrow band allocation information.
The step A includes a step of performing downlink com-
munication from the base station to the second user ter-
minal as the predetermined communication in addition
to communication of the narrow band allocation informa-
tion in the one subframe. The narrow band used for the
communication of the narrow band allocation information
and the narrow band used for the downlink communica-
tion are provided within the bandwidth supportable by
the second user terminal.
[0047] In the overview of the disclosure, narrowband
used for communication of narrowband allocation infor-
mation and narrowband used for downlink communica-
tion are provided within a bandwidth supportable by the
second user terminal. Therefore, it is possible to realize
communication of narrowband allocation information and
downlink communication in one subframe, and it is pos-
sible to shorten the delay time of downlink communica-
tion.
[0048] The narrow band used for the downlink com-
munication may be specified by a radio resource control
(RRC) message or may be predetermined.
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[0049] The narrow band used for the downlink com-
munication may be specified by an offset value to the
narrow band used for the communication of the narrow
band allocation information. The offset value may be
specified by a radio resource control (RRC) message or
may be predetermined.
[0050] The second user terminals may be classified
into a first group that monitors the narrow band used for
the communication of the narrow band allocation infor-
mation and a second group that does not monitor the
narrow band used for the communication of the narrow
band allocation information. In the step A, the communi-
cation of the narrow band allocation information and the
downlink communication with the second user terminal
belonging to the first group may be performed.
[0051] The communication of the narrow band alloca-
tion information and the downlink communication may
be repeatedly performed in a plurality of subframes. The
subframes in which the communication of the narrow
band allocation information may be repeated overlap at
least some of the subframes in which the downlink com-
munication is repeated.
[0052] The number of the subframes in which the com-
munication of the narrow band allocation information and
the downlink communication overlap may be specified
by a radio resource control (RRC) message.
[0053] Fourthly, the mobile communication method
comprises: a step A of transmitting, from the base station
to the second user terminal, narrow band allocation in-
formation used for the predetermined communication;
and a step B in which the second user terminal performs
the predetermined communication by using the narrow
band included in the two or more subframes based on
the narrow band allocation information. The step B in-
cludes: a step of, when receiving uplink narrow band al-
location information as the narrow band allocation infor-
mation, performing uplink communication from the sec-
ond user terminal to the base station as the predeter-
mined communication in a subframe after a first offset
from a subframe in which the uplink narrow band alloca-
tion information is received; a step of, when receiving
downlink narrow band allocation information as the nar-
row band allocation information, performing downlink
communication from the base station to the second user
terminal as the predetermined communication in a sub-
frame after a second offset from a subframe in which the
downlink narrow band allocation information is received;
and a step of, when the subframe in which the uplink
communication is performed is the same as the subframe
in which the downlink communication is performed, shift-
ing one of the subframe in which the uplink communica-
tion is performed and the subframe in which the downlink
communication is performed in a time direction.
[0054] In the overview of the disclosure, in the case
where the subframe for performing uplink communication
is the same as the subframe on which downlink commu-
nication is performed, the second user terminal shifts one
of the subframe that performs uplink communication and

the subframe that performs downlink communication in
the time direction. Therefore, it is possible to transmit the
uplink narrowband allocation information and the down-
link narrowband allocation information without being con-
strained by the first offset and the second offset, and it
is possible to shorten the delay time of uplink communi-
cation and downlink communication while properly per-
forming uplink communication and downlink communi-
cation.

[Embodiments]

[0055] An embodiment will be described by using, as
an example, an LTE system based on 3GPP standards
as a mobile communication system, below.

(System Configuration)

[0056] The system configuration of LTE system ac-
cording to a first embodiment will be described. Fig. 1 is
a configuration diagram of the LTE system according to
the embodiment.
[0057] As illustrated in Fig. 1, the LTE system accord-
ing to the embodiment includes UE (User Equipment)
100, E-UTRAN (Evolved-UMTS Terrestrial Radio Ac-
cess Network) 10, and EPC (Evolved Packet Core) 20.
[0058] The UE 100 corresponds to a user terminal. The
UE 100 is a mobile communication device. The UE 100
performs radio communication with a cell (a serving cell
in a case where the UE 100 is in an RRC connected
state) formed by the eNB 200. The configuration of the
UE 100 will be described later.
[0059] The E-UTRAN 10 corresponds to a radio ac-
cess network. The E-UTRAN 10 includes eNB 200 (an
evolved Node-B). The eNB 200 corresponds to a radio
base station. The eNBs 200 are connected mutually via
an X2 interface. The configuration of the eNB 200 will be
described later.
[0060] The eNB 200 manages one or a plurality of cells,
and performs radio communication with the UE 100 that
establishes a connection with a cell of the eNB 200. The
eNB 200 has a radio resources management (RRM)
function, a routing function of user data, a measurement
control function for mobility control and scheduling and
the like. The "cell" is used as a term indicating a smallest
unit of a radio communication area. The "cell" may be
also used as a term indicating a function of performing
radio communication with the UE 100.
[0061] The EPC 20 corresponds to a core network. The
EPC 20 includes MME (Mobility Management Entity)/S-
GW (Serving-Gateway) 300. The MME performs differ-
ent types of mobility control and the like for the UE 100.
The S-GW performs transfer control of the user data. The
MME/S-GW 300 is connected to the eNB 200 via an S1
interface. The E-UTRAN 10 and the EPC 20 constitute
a network of the LTE system.
[0062] Fig. 2 is a block diagram of the UE 100. As il-
lustrated in Fig. 2, the UE 100 includes a plurality of an-
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tennas 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 constitute a con-
troller. The radio transceiver 110 and the processor 160
constitute a transmitter and a receiver. The UE 100 may
not necessarily have the GNSS receiver 130. The mem-
ory 150 may be integrally formed with the processor 160,
and this set (that is, a chip set) may be called a processor
160’.
[0063] The antenna 101 and the radio transceiver 110
are used to transmit and receive a radio signal. The radio
transceiver 110 converts a baseband signal (a transmis-
sion signal) output from the processor 160 into a radio
signal, and transmits the radio signal from the antenna
101. The radio transceiver 110 converts a radio signal
received by the antenna 101 into a baseband signal (a
reception signal), and outputs the baseband signal to the
processor 160.
[0064] The user interface 120 is an interface with a
user carrying the UE 100, and includes, for example, a
display, a microphone, a speaker, and various buttons.
The user interface 120 receives an operation from a user
and outputs a signal indicating the content of the opera-
tion to the processor 160. The GNSS receiver 130 re-
ceives a GNSS signal in order to obtain location informa-
tion indicating a geographical location of the UE 100, and
outputs the received signal to the processor 160. The
battery 140 accumulates a power to be supplied to each
block of the UE 100.
[0065] The memory 150 stores a program to be exe-
cuted by the processor 160 and information to be used
for processing by the processor 160. The processor 160
includes a baseband processor and a CPU (Central
Processing Unit). The baseband processor performs
modulation and demodulation, encoding and decoding
and the like on the baseband signal. The CPU performs
various types of 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 signals. The processor 160 executes
various types of processes and various types of commu-
nication protocols described later.
[0066] Fig. 3 is a block diagram of the eNB 200. As
illustrated in Fig. 3, the eNB 200 includes a plurality of
antennas 201, a radio transceiver 210, a network inter-
face 220, a memory 230, and a processor 240. The mem-
ory 230 and the processor 240 constitute a controller.
The radio transceiver 210 and the processor 240 consti-
tute a transmitter and a receiver. The memory 230 may
be integrally formed with the processor 240, and this set
(that is, a chipset) may be called a processor.
[0067] The antenna 201 and the radio transceiver 210
are used to transmit and receive a radio signal. The radio
transceiver 210 converts a baseband signal (a transmis-
sion signal) output from the processor 240 into a radio
signal, and transmits the radio signal from the antenna
201. The radio transceiver 210 converts a radio signal

received by the antenna 201 into a baseband signal (a
reception signal), and outputs the baseband signal to the
processor 240.
[0068] The network interface 220 is connected to the
neighboring eNB 200 via the X2 interface, and is con-
nected to the MME/S-GW 300 via the S1 interface. The
network interface 220 is used in communication per-
formed on the X2 interface and communication per-
formed on the S1 interface.
[0069] The memory 230 stores a program to be exe-
cuted by the processor 240 and information to be used
for processing by the processor 240. The processor 240
includes a baseband processor and a CUP. The base-
band processor performs modulation and demodulation,
encoding and decoding and the like on the baseband
signal. The CPU performs various types of processes by
executing the program stored in the memory 230. The
processor 240 executes various types of processes and
various types of communication protocols described lat-
er.
[0070] Fig. 4 is a protocol stack diagram of a radio in-
terface in the LTE system. As illustrated in Fig. 4, the
radio interface protocol is classified into a first layer to a
third layer of an OSI reference model, such that the first
layer is a physical (PHY) layer. The second layer includes
a MAC (Media Access Control) layer, an RLC (Radio Link
Control) layer, and a PDCP (Packet Data Convergence
Protocol) layer. The third layer includes an RRC (Radio
Resource Control) layer.
[0071] The physical layer performs encoding and de-
coding, modulation and demodulation, antenna mapping
and demapping, and resource mapping and demapping.
Between the physical layer of the UE 100 and the physical
layer of the eNB 200, user data and control signals are
transmitted via a physical channel.
[0072] The MAC layer performs priority control of data,
a retransmission process by a hybrid ARQ (HARQ), a
random access procedure, and the like. Between the
MAC layer of the UE 100 and the MAC layer of the eNB
200, user data and control signals are transmitted via a
transport channel. The MAC layer of the eNB 200 in-
cludes a scheduler. The scheduler determines a trans-
port format (a transport block size and a modulation and
coding scheme) of an uplink and a downlink, and re-
source blocks to be assigned to the UE 100.
[0073] The RLC layer transmits data to an RLC layer
of a reception side by using the functions of the MAC
layer and the physical layer. Between the RLC layer of
the UE 100 and the RLC layer of the eNB 200, user data
and control signals are transmitted via a logical channel.
[0074] The PDCP layer performs header compression
and decompression, and encryption and decryption. It
should also be noted that in the PDCP layer, a transmit-
ting entity for transmitting data unit (PDCP PDU) or a
receiving entity for receiving data unit (PDCP PDU) is
formed.
[0075] The RRC layer is defined only in a control plane
that handles control signals. Between the RRC layer of
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the UE 100 and the RRC layer of the eNB 200, a control
signal (an RRC message) for various types of settings is
transmitted. The RRC layer controls a logical channel, a
transport channel, and a physical channel according to
the establishment, re-establishment, and release of a ra-
dio bearer. When there is a connection (an RRC connec-
tion) between the RRC of the UE 100 and the RRC of
the eNB 200, the UE 100 is in an RRC connected state.
When there is no connection (an RRC connection) be-
tween the RRC of the UE 100 and the RRC of the eNB
200, the UE 100 is in an RRC idle state.
[0076] An NAS (Non-Access Stratum) layer positioned
above the RRC layer performs session management,
mobility management and the like.
[0077] Fig. 5 is a configuration diagram of a radio frame
used in the LTE system. In the LTE system, OFDMA
(Orthogonal Frequency Division Multiple Access) is ap-
plied to a downlink, and SC-FDMA (Single Carrier Fre-
quency Division Multiple Access) is applied to an uplink,
respectively.
[0078] As illustrated in Fig. 5, a radio frame is config-
ured by 10 subframes arranged in a time direction. Each
subframe is configured by two slots arranged in the time
direction. Each subframe has a length of 1 ms. Each slot
has a length of 0.5 ms. Each subframe includes a plurality
of resource blocks (RBs) in a frequency direction (not
shown). Each subframe indues a plurality of symbols in
the time direction. Each resource block includes a plu-
rality of subcarriers in the frequency direction. One sym-
bol and one subcarrier forms one resource element. Of
the radio resources (time and frequency resources) as-
signed to the UE 100, a frequency resource can be iden-
tified by a resource block and a time resource can be
identified by a subframe (or a slot).

(Application scenes)

[0079] Application scenes will be described. Figs. 6 to
7 are diagrams for explaining application scenes accord-
ing to an embodiment. Hereinafter, predetermined com-
munication (machine type communication: MTC) in the
LTE system will mainly be described.
[0080] As illustrated in Fig. 6, the bandwidth of the sys-
tem band of the LTE system is 10 MHz. The system band
includes a first band of a first bandwidth supportable by
a general first user terminal, a second band (hereinafter,
narrow band) of a second bandwidth supportable by a
second user terminal (hereinafter, MTC terminal) corre-
sponding to MTC. The first bandwidth is, for example, 50
physical resource blocks (PRBs) = 9 MHz. The second
bandwidth is, for example, 6 physical resource blocks
(PRBs) = 1.08 MHz. The narrow band is a part of the first
band. Under this premise, the above-described MTC is
a technique for performing predetermined communica-
tion (hereinafter, MTC) between the MTC terminal and
the eNB 200 using the narrow band.
[0081] As illustrated in Fig. 7, in the MTC, the MTC
terminal cannot receive the physical downlink control

channel (PDCCH), and a predetermined control channel
(hereinafter referred to as MTC physical downlink control
channel: M-PDCCH) is adopted. The M-PDCCH is used
for transmission of predetermined control information
(hereinafter referred to as downlink control information:
DCI) for use in the MTC. In the MTC, repeated transmis-
sion is adopted from the viewpoint of improving the reach-
ability of a signal from a transmission node to a reception
node. For example, when the transmission node is the
eNB 200 and the reception node is the MTC terminal,
physical downlink shared channel (PDSCH) transmis-
sion is repeated over a plurality of subframes as illustrat-
ed in Fig. 7.
[0082] Under such circumstances, there is a need to
use the MTC not only for sensors that are supposed to
have small capacity data communication, but also for
wearable terminals that are expected to have higher ca-
pacity data communication than sensors. In order to sat-
isfy the need, it is desired to increase throughput in the
MTC.
[0083] In relation to the embodiment, for the purpose
of increasing the throughput in the MTC, a method of
using two or more narrow bands in one unit time is pro-
posed.
[0084] More specifically, the eNB 200 transmits narrow
band allocation information for allocation of two or more
narrow bands to the MTC terminal as narrow band allo-
cation information used for the MTC, from the base sta-
tion to the MTC terminal (step A). Based on the narrow
band allocation information, the MTC terminal performs
the MTC using two or more narrow bands (step B). In
this case, the two or more narrow bands allocated to the
MTC terminal are provided within a bandwidth (for ex-
ample, 5 MHz) supportable by the MTC terminal. The
narrow band allocation information is included in the DCI
of the M-PDCCH, for example.
[0085] Under this premise, the combination of two or
more narrow bands allocated to the MTC terminal may
be designated by an index. The index may be included
in the narrow band allocation information (DCI of the M-
PDCCH).

(Downlink communication)

[0086] A case where the MTC is downlink communi-
cation from the eNB 200 to the MTC terminal will be ex-
emplified. As illustrated in Fig. 8, two or more narrow
bands (#1 and #5 in this case) allocated to the MTC ter-
minal may be separated from each other in the frequency
direction. As a result, frequency diversity can be ob-
tained. The two or more narrow bands are provided within
the bandwidth (for example, 5 MHz) supportable by the
MTC terminal. In downlink communication, the index is
defined as follows.
[0087] First, as illustrated in Fig. 9, the index may be
associated with two or more narrow bands that can be
allocated to the MTC terminal on a one-to-one basis. In
Fig. 9, four indexes are provided, and each of the indexes
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is associated with two narrow bands on a one-to-one
basis. The two narrow bands associated with one of the
indexes may be separated from each other in the fre-
quency direction. For example, when the index 1 is in-
cluded in the narrow band allocation information, the nar-
row bands #1 and #5 associated with the index 1 are
allocated to the MTC terminal.
[0088] In this case, the correspondence between the
combinations of two or more narrow bands and the in-
dexes may be predefined. The information specifying the
correspondence may be provided from the base station.
For example, the information specifying the correspond-
ence may be included in a system information block (SIB)
defined for the MTC. The information specifying the cor-
respondence may be individually transmitted from the
base station. For example, the information specifying the
correspondence may be included in the RRC message.
[0089] Secondly, as illustrated in Fig. 10, a plurality of
narrow bands (#0 to #7 in this case) may be classified
into two or more groups (0 and 1 in this case). In each
of the groups, the arrangement order of narrow bands is
defined cyclically. The narrow bands included in each of
the groups may be separated from each other in the fre-
quency direction. In such a case, the indexes include a
start index for specifying one of a plurality of narrow
bands and a number index for specifying the number of
two or more narrow bands. The two or more narrow bands
are selected based on the number index from the group
including the narrow band specified by the start index.
For example, when the start index is 0 and the number
index is 2, the group 0 including the narrow band #0 spec-
ified by the start index is selected, the narrow band #0 is
selected as a start narrow band by the start index from
the group 0, and the narrow bands #0 and #4 are selected
as two or more narrow bands to be allocated to the MTC
terminal by the number index from the group 0. On the
other hand, when the start index is 3 and the number
index is 3, the group 1 including the narrow band #3 spec-
ified by the start index is selected, the narrow band #3 is
selected as a start narrow band by the start index from
the group 1, and the narrow bands #3, #7 and #1 are
selected as two or more narrow bands to be allocated to
the MTC terminal by the number index from the group 1.
[0090] In this case, when the arrangement order of the
narrow bands is cyclic, the value of the number index is
not restricted by the value of the start index. For example,
even when the start index is #6, the range of possible
values of the number index is 1 to 4.
[0091] Fig. 10 exemplifies a case where a plurality of
narrow bands are classified into two groups when the
index includes the start index and the number index.
However, the embodiment is not limited to this. A plurality
of narrow bands may be classified into three or more
groups or may not be classified into groups.
[0092] In the case where a plurality of narrow bands
are classified into two groups, the group used by the MTC
terminal may be specified by an RRC message. For ex-
ample, in the example illustrated in Fig. 10, when the

group 0 is specified by the RRC message, the range of
the start index may be 0 to 3, and the range of the number
index may be 1 to 4. In such a case, the start index 0
indicates the narrow band #0, the start index 1 indicates
the narrow band #4, the start index 2 indicates the narrow
band #2, and the start index 3 indicates the narrow band
#6.

(Uplink communication)

[0093] A case where the MTC is uplink communication
from the eNB 200 to the MTC terminal will be exemplified.
As illustrated in Fig. 11, two or more narrow bands allo-
cated to the MTC terminal (#4 and #5 in this case) may
be consecutive in the frequency direction. This makes it
possible to suppress the power consumption of the MTC
terminal. The two or more narrow bands are provided
within the bandwidth (for example, 5 MHz) supportable
by the MTC terminal. In uplink communication, the index-
es are defined as follows.
[0094] First, as illustrated in Fig. 12, the index may be
associated with two or more narrow bands that can be
allocated to the MTC terminal on a one-to-one basis. In
Fig. 12, four indexes are provided, and each of the in-
dexes is associated with two narrow bands on a one-to-
one basis. The two narrow bands associated with one of
the indexes may be consecutive in the frequency direc-
tion. For example, when the index 2 is included in the
narrow band allocation information, the narrow bands #4
and #5 associated with the index 2 are allocated to the
MTC terminal.
[0095] In this case, the correspondence between the
combinations of two or more narrow bands and the in-
dexes may be predefined. The information specifying the
correspondence may be provided from the base station.
For example, the information specifying the correspond-
ence may be included in a system information block (SIB)
defined for the MTC. The information specifying the cor-
respondence may be individually transmitted from the
base station. For example, the information specifying the
correspondence may be included in the RRC message.
[0096] Secondly, as illustrated in Fig. 13, a plurality of
narrow bands (#0 to #7 in this case) may be classified
into two or more groups (0 and 1 in this case). The narrow
bands included in each of the groups are consecutive in
the frequency direction. In each of the groups, the ar-
rangement order of narrow bands is defined. However,
when the narrow bands need to be consecutive in the
frequency direction, the arrangement order of the narrow
bands is not cyclic. In such a case, the indexes include
a start index for specifying one of a plurality of narrow
bands and a number index for specifying the number of
two or more narrow bands. The two or more narrow bands
are selected based on the number index from the group
including the narrow band specified by the start index.
For example, when the start index is 0 and the number
index is 2, the group 0 including the narrow band #0 spec-
ified by the start index is selected, the narrow band #0 is
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selected as the start narrow band by the start index from
the group 0, and the narrow bands #0 and #1 are selected
as two or more narrow bands to be allocated to the MTC
terminal by the number index from the group 0. When
the start index is 4 and the number index is 3, the group
1 including the narrow band #4 is selected, the narrow
band #4 is selected as the start narrow band by the start
index from the group 1, and the narrow bands #4, #5,
and #6 are selected as two or more narrow bands to be
allocated to the MTC terminal by the number index from
the group 1.
[0097] In this case, when the arrangement order of the
narrow bands is not cyclic, the value of the number index
is restricted by the value of the start index. For example,
when the start index is #2, the range of possible values
of the number index is 1 and 2.
[0098] Fig. 13 exemplifies a case where a plurality of
narrow bands are classified into two groups when the
index includes the start index and the number index.
However, the embodiment is not limited to this. A plurality
of narrow bands may be classified into three or more
groups or may not be classified into groups.
[0099] In the case where a plurality of narrow bands
are classified into two groups, the group used by the MTC
terminal may be specified by an RRC message. For ex-
ample, in the example illustrated in Fig. 13, when the
group 0 is specified by the RRC message, the range of
the start index may be 0 to 3, and the range of the number
index may be 1 to 4. In such a case, the start index 0
indicates the narrow band #0, the start index 1 indicates
the narrow band #1, the start index 2 indicates the narrow
band #2, and the start index 3 indicates the narrow band
#3. However, when the arrangement order of narrow
bands is not cyclic, the value of the number index may
be restricted by the value of the start index.

(Mobile communication method)

[0100] Hereinafter, a mobile communication method
according to the embodiment will be described. Fig. 14
is a diagram for explaining the mobile communication
method according to the embodiment. Referring to Fig.
14, the case where the UE 100 is the MTC terminal and
downlink communication is performed as the MTC will
mainly be described.
[0101] As illustrated in Fig. 14, in step S11, the eNB
200 provides the system information. The system infor-
mation includes a master information block (MIB) and an
SIB. The SIB is an SIB defined for the MTC.
[0102] In step S12, the RRC connection procedure is
performed. In the RRC connection procedure, commu-
nication of RRC messages such as RRC connection re-
quest and RRC connection setup is performed.
[0103] In step S13, the eNB 200 transmits an M-PD-
CCH to the UE 100. The DCI of the M-PDCCH includes
narrow band allocation information for allocating two or
more narrow bands to the MTC terminal. The narrow
band allocation information may include the indexes il-

lustrated in Fig. 9 or 10.
[0104] In step S14, the eNB 200 repeatedly transmits
the PDSCH. For example, when the narrow bands #1
and #5 are allocated to the MTC terminal, the MTC is
performed using the narrow bands #1 and #5.

(Operations and advantageous effects)

[0105] In the embodiment, the eNB 200 transmits the
narrow band allocation information for allocation of two
or more narrow bands to the MTC terminal as narrow
band allocation information used for the MTC from the
base station to the MTC terminal. That is, the throughput
of MTC can be increased by the use of the two or more
narrow bands.
[0106] In the embodiment, the narrow band allocation
information includes the index for specifying a combina-
tion of two or more narrow bands to be allocated to the
MTC terminal. Therefore, it is possible to suppress an
increase in the amount of DCI data for using the two or
more narrow bands.

[First modification example]

[0107] A first modification example will be described.
Differences from the embodiments will be mainly de-
scribed below.
[0108] In relation to the first modification example, de-
scriptions will be given as to a case where frequency
hopping of two or more narrow bands is performed be-
tween subframes.
[0109] Specifically, the eNB 200 transmits to the MTC
terminal, information specifying a pattern of frequency
hopping of two or more narrow bands and information
specifying a resource block to be allocated to the MTC
terminal in two or more narrow bands (step C).
[0110] In this case, there will be mainly discussed a
case where an MTC terminal capable of using two or
more narrow bands and a legacy MTC terminal (third
user terminal) capable of using one narrow band coexist.
In this case, the frequency hopping pattern applied to the
MTC terminal may be the same as the frequency hopping
pattern applied to the legacy MTC terminal using one
narrow band included in two or more narrow bands. A
resource block allocated to the MTC terminal in the two
or more narrow bands may be other than a resource block
allocated to the legacy MTC terminal in the one narrow
band. According to this configuration, it is possible to sup-
press interference between the MTC terminal and the
legacy MTC terminal.
[0111] The plurality of narrow bands may be classified
into two or more groups. The number of two or more
groups may be determined by the number of times hop-
ping is performed in the frequency hopping applied to the
MTC terminal. The frequency hopping applied to the MTC
terminal may be performed between the two or more
groups while maintaining a state in which the two or more
narrow bands are included in one group. According to
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this configuration, frequency hopping of two or more nar-
row bands can be performed while maintaining at least
the state where the two or more narrow bands are pro-
vided within the bandwidth supportable by the MTC ter-
minal. When the narrow bands included in each group
are consecutive in the frequency direction, frequency
hopping of two or more narrow bands can be performed
while maintaining the continuity of the two or more narrow
bands.
[0112] An example of frequency hopping will be de-
scribed with reference to Figs. 15 to 17. Referring to Figs.
15 to 17, UE (X) represents an MTC terminal that can
use two or more narrow bands, and UE (P) and UE (Q)
represent legacy MTC terminals that can use only one
narrow band.
[0113] As illustrated in Fig. 15, when the number of
times hopping is performed in the frequency hopping is
2, the number of groups is 2 and the number of narrow
bands included in each group is 4. In this case, the plu-
rality of narrow bands is classified into group 0 (narrow
bands #0 to #3) and group 1 (narrow bands #4 to #7).
The narrow bands included in each of the groups are
consecutive in the frequency direction.
[0114] As illustrated in Fig. 16, when the number of
times hopping is performed in the frequency hopping is
4, the number of groups is 4 and the number of narrow
bands included in each group is 2. In this case, the plu-
rality of narrow bands is classified into group 0 (narrow
bands #0 and #1), group 1 (narrow bands #2 and #3),
group 2 (narrow bands #4 and #5), and group 3 (narrow
bands #6 and #7). The narrow bands included in each
of the groups are consecutive in the frequency direction.
[0115] In the examples illustrated in Figs. 15 and 16,
the frequency hopping applied to the MTC terminal is
performed between two or more groups while maintain-
ing a state in which two or more narrow bands are includ-
ed in one group. Therefore, frequency hopping of two or
more narrow bands can be performed while maintaining
at least the state where the two or more narrow bands
are provided within the bandwidth supportable by the
MTC terminal.
[0116] On the other hand, as illustrated in Fig. 17, when
the state in which two or more narrow bands are included
in one group is not maintained, two or more narrow bands
cannot be provided within the bandwidth supportable by
the MTC terminal (for example, subframe n1 and sub-
frame n4). Therefore, it is preferable that the frequency
hopping applied to the MTC terminal is performed be-
tween two or more groups while maintaining the state in
which two or more narrow bands are included in one
group.

[Second modification example]

[0117] A second modification example will be de-
scribed. Differences from the embodiments will be mainly
described below.
[0118] In the second modification example, the eNB

200 transmits narrow band allocation information includ-
ing mapping information specifying narrow bands to be
allocated to the MTC terminal and narrow bands not to
be allocated to the MTC terminal. The mapping informa-
tion is as illustrated in Fig. 18, for example, where the
presence or absence of allocation of narrow bands (#0
to #7) is represented by 1 bit.

[Third modification example]

[0119] A third modification example will be described.
Differences from the embodiments will be mainly de-
scribed below.
[0120] In relation to the third modification example, de-
scriptions will be given as to a case where two or more
narrow bands are allocated to the MTC terminal but it is
not necessary to allocate all resource blocks included in
the two or more narrow bands to the MTC terminal. In
such a case, the eNB 200 transmits narrow band alloca-
tion information including blank information specifying a
blank resource block (hereinafter referred to as a blank
RB) not to be allocated to the MTC terminal in two or
more narrow bands.
[0121] First, there will be considered a case where two
or more narrow bands allocated to the MTC terminal are
not consecutive. In this case, as illustrated in Fig. 19, the
blank information may include information (NB bits) spec-
ifying a narrow band to which the blank RB is applied and
information (RB bits) specifying the position of the blank
RB. Although not particularly limited, the number of the
narrow band to which the blank RB is applied may be 1.
Although the number of the narrow bands to which the
blank RB is applied may be 2 or more, the number of
narrow bands allocated to the MTC terminal may be de-
creased. The blank information illustrated in Fig. 19 may
be applied to a case where two or more narrow bands
allocated to the MTC terminal are consecutive.
[0122] Secondly, there will be considered a case where
two or more narrow bands allocated to the MTC terminal
are consecutive. Further, the MTC terminal is configured
to use consecutive resource blocks in resource blocks
included in two or more narrow bands. In this case, as
illustrated in Figs. 20 and 21, the blank information in-
cludes information (freq information) specifying the level
of the frequency at which the blank RB is arranged and
information specifying the number of blank RBs (the
number of bits). The information specifying the level of
the frequency at which the blank RB is arranged may be
information specifying that the frequency at which the
blank RB is arranged is a low frequency as illustrated in
Fig. 20 or may be information specifying that the frequen-
cy at which the blank RB is arranged is a high frequency
as illustrated in Fig. 21. The information specifying the
level of the frequency at which the blank RB is arranged
may be information for specifying that the frequency at
which the blank RB is arranged is both a low frequency
and a high frequency by combining the examples illus-
trated in Figs. 20 and 21.
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[0123] Thirdly, there is considered a case where two
or more narrow bands allocated to the MTC terminal are
consecutive. The blank information does not include in-
formation specifying the magnitude of the frequency at
which the blank RB is arranged (freq information) but
includes information indicating the arrangement of the
blank RB (RB allocation). As illustrated in Figs. 22 and
23, the information indicating the arrangement of the
blank RB is information indicating the arrangement of
blank RBs included in one narrow band. As illustrated in
Fig. 22, in the case where the blank RB is arranged on
the lower side in the frequency direction, the narrow band
to which the blank RB is applied is the narrow band with
the lowest frequency (narrow band #2 in this case) among
the narrow bands allocated to the MTC terminal in order
to ensure the continuity of the resource blocks allocated
to the MTC terminal. On the other hand, as illustrated in
Fig. 23, in the case where the blank RB is arranged on
the higher side in the frequency direction, the narrow
band to which the blank RB is applied is the narrow band
(narrow band #0 in this case) with the highest frequency
among the narrow bands allocated to the MTC terminal
to ensure the continuity of the resource blocks allocated
to the MTC terminal. In this manner, when the blank in-
formation includes information indicating the arrange-
ment of the blank RBs and the continuity of the resource
blocks allocated to the MTC terminal is to be ensured,
the narrow band to which the blank RB is applied is
uniquely determined. In this case, there is no need for
information specifying the magnitude of the frequency at
which the blank RB is arranged (freq information).

[Fourth modification example]

[0124] A fourth modification example will be described.
Differences from the embodiments will be mainly de-
scribed below.
in the fourth modification example, the eNB 200 transmits
narrow band allocation information for allocation of two
or more subframes to the MTC terminal as narrow band
allocation information used for the MTC, from the base
station to the MTC terminal (step A). Based on the narrow
band allocation information, the MTC terminal performs
MTC using the two or more subframes (step B).
[0125] Specifically, as illustrated in Fig. 24, the eNB
200 performs scheduling (0) and scheduling (1) accord-
ing to the DCI included in one M-PDCCH. The MTC ter-
minal receives a PDSCH (0) according to the scheduling
(0) and receives a PDSCH (1) according to the schedul-
ing (1). The MTC terminal may repeat transmission of
the PDSCH (0) and the PDSCH (1). Although downlink
communication (PDSCH) is exemplified here, the same
technique can be applied to uplink communication
(PUSCH).
[0126] In this case, the MTC terminal may perform
MTC using two or more subframes using two or more
hybrid automatic repeat request (HARQ) processes. For
example, there will be considered a case where two sub-

frames (initial and second) are allocated to the MTC ter-
minal and the two HARQ processes (#0 and #1) are used
by the MTC terminal.
[0127] First, as illustrated in Fig. 25, after the initial
transmission of the HARQ processes #0 and #1 in the
first two subframes (initial and second), the MTC terminal
may perform retransmission of the HARQ processes #0
and #1 in the second two subframes (initial and second).
The MTC terminal may repeat the retransmission of the
HARQ processes #0 and #1 in each of the third and sub-
sequent two subframes (initial and second). According
to this configuration, the effect of time diversity can be
obtained. In the downlink communication, the MTC ter-
minal may stop the reception of the PDSCH when the
reception of the PDSCH is successful.
[0128] Secondly, as illustrated in Fig. 26, after the initial
transmission and retransmission of the HARQ process
#0 in the first two subframes (initial and second), the MTC
terminal may perform initial transmission and retransmis-
sion of HARQ process #1 in the second two subframes
(initial and second). The MTC terminal may repeat the
retransmission of the HARQ processes #0 and #1 for
every two subframes in the third and subsequent two
subframes (initial and second). In the downlink commu-
nication, the MTC terminal may stop the reception of the
PDSCH when the reception of the PDSCH is successful.
[0129] Alternatively, in the case where a setting of per-
forming no repeated transmission is made in the MTC,
the narrow bands included in the second and subsequent
subframes (second) out of the two or more subframes
may be used to perform the predetermined communica-
tion that is performed using narrow bands included in the
first subframe (initial) out of the two or more subframes.
For example, there will be considered a case where the
two subframes (initial and second) are allocated to the
MTC terminal and one HARQ process is used by MTC
terminal.
[0130] In this case, as illustrated in Fig. 27, the MTC
terminal may perform the initial transmission of the HARQ
process in the first subframe (initial) and perform the initial
transmission of the HARQ process in the second sub-
frame (second).
[0131] In the fourth modification example, the narrow
band allocation information may include information
specifying the number of the two or more subframes. The
number of the HARQ processes may be equal to the
number of the two or more subframes, or may be smaller
than the number of the two or more subframes.
[0132] The narrow band allocation information may in-
clude information specifying narrow bands to be allocat-
ed to the MTC terminal in the first subframe out of the
two or more subframes. The narrow bands allocated to
the MTC terminal in the second and subsequent two sub-
frames may be the same as the narrow bands allocated
to the MTC terminal in the first subframe. The information
specifying narrow bands may be the same as in the em-
bodiment. That is, the information specifying the narrow
bands may be an index for specifying a combination of
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two or more narrow bands. The information specifying
narrow bands may be mapping information as in the sec-
ond modification example.
[0133] The narrow bands allocated to the MTC terminal
in the second and subsequent subframes may be differ-
ent from the narrow bands allocated to the MTC terminal
in the first subframe. In this case, the narrow band allo-
cation information includes the information specifying
narrow bands to be allocated to the MTC terminal in the
second and subsequent subframes.
[0134] The narrow band allocation information may in-
clude information specifying resource blocks to be allo-
cated to the MTC terminal in narrow bands included in
the first subframe out of the two or more subframes. The
resource blocks allocated to the MTC terminal in the nar-
row bands included in the second and subsequent sub-
frames out of the two or more subframes may be the
same as the resource blocks allocated to the MTC ter-
minal in the narrow bands included in the first subframe.
The information specifying the resource blocks to be al-
located to the MTC terminal may be blank information as
in the third modification example. The information spec-
ifying the resource blocks to be allocated to the MTC
terminal may be mapping information specifying re-
source blocks to be allocated to the MTC terminal and
resource blocks not to be allocated to the MTC terminal.
[0135] The resource blocks allocated to the MTC ter-
minal in the narrow bands included in the second and
subsequent subframes may be different from the re-
source blocks allocated to the MTC terminal in the narrow
bands included in the first subframe. The resource blocks
allocated to the MTC terminal may be different in each
HARQ process. In this case, the narrow band allocation
information includes information specifying resource
blocks to be allocated to the MTC terminal in the narrow
bands included in the second and subsequent sub-
frames.
[0136] The narrow band allocation information may in-
clude information specifying whether narrow band fre-
quency hopping is to be performed in the two or more
subframes. The timing of narrow band frequency hopping
may be the timing specified by the RRC message. The
timing of narrow band frequency hopping may be the
switching timing of repeated transmission in predeter-
mined communication. The pattern of the frequency hop-
ping may be the same as that in the first modification
example 1 in consideration of the legacy MTC terminal.
[0137] The narrow band allocation information may in-
clude information specifying a redundancy version (RV)
to be applied in the two or more subframes allocated to
the MTC terminal. The RV applied to the second and
subsequent subframes may be the same as the RV ap-
plied to the first subframe. The RV may be a fixed value.
The RV applied to the second and subsequent subframes
may vary periodically from the RV applied to the first sub-
frame.
[0138] The narrow band allocation information may in-
clude information specifying a precoding matrix indicator

(PMI) to be applied in the two or more subframes allo-
cated to the MTC terminal. The PMI applied to the second
and subsequent subframes may be the same as the PMI
applied to the first subframe. The PMI may be a fixed
value.
[0139] When receiving the first narrow band allocation
information as the narrow band allocation information
and then receiving second narrow band allocation infor-
mation as the narrow band allocation information, the
MTC terminal may perform MTC using the second narrow
band allocation information without using the first narrow
band allocation information (step B1). For example, the
MTC terminal updates the information on the narrow
bands and the resource blocks to be allocated to the MTC
terminal, and updates modulation coding scheme (MCS)
by the second narrow band allocation information. This
processing may be performed when the HARQ process
of the second narrow band allocation information is the
same as the HARQ process of the first narrow band al-
location information.
[0140] When receiving the first narrow band allocation
information as the narrow band allocation information
and then receiving the second narrow band allocation
information as the narrow band allocation information,
the MTC terminal may perform MTC using both the first
narrow band allocation information and the second nar-
row band allocation information (step B2). For example,
the MTC terminal newly sets information on the narrow
band and resource blocks to be allocated to the MTC
terminal by the second narrow band allocation informa-
tion, and newly sets modulation coding scheme (MCS).
This processing may be performed when the HARQ proc-
ess of the second narrow band allocation information is
different from the HARQ process of the first narrow band
allocation information.
[0141] In these cases, the eNB 200 may transmit in-
formation specifying the reception timing of the M-PD-
CCH including the second narrow band allocation infor-
mation to the MTC terminal. This information is provided
by an RRC message, for example. The MTC terminal
receives the M-PDCCH including the second narrow
band allocation information at the reception timing noti-
fied by the eNB 200.
[0142] The narrow bands allocated by the first narrow
band allocation information and the narrow bands allo-
cated by the second narrow band allocation information
are provided within the bandwidth supportable by the
MTC terminal. The resource blocks allocated by the first
narrow band allocation information and the resources al-
located by the second narrow band allocation information
are allocated so as not to overlap each other.

(Mobile communication method)

[0143] A mobile communication method according to
the fourth modification example will be described. Fig.
28 is a diagram for explaining a mobile communication
method according to the fourth modification example. Re-
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ferring to Fig. 28, the case where the UE 100 is the MTC
terminal and the downlink communication is performed
as the MTC will be mainly described.
[0144] As illustrated in Fig. 28, in step S21, the eNB
200 provides system information. The system informa-
tion includes a master information block (MIB) and an
SIB. The SIB is an SIB defined for the MTC.
[0145] In step S22, the RRC connection procedure is
performed. In the RRC connection procedure, commu-
nication of RRC messages such as RRC connection re-
quest and RRC connection setup is performed.
[0146] In step S23, the eNB 200 transmits an M-PD-
CCH to the UE 100. The DCI of the M-PDCCH includes
narrow band allocation information for allocating two or
more subframes to the MTC terminal. The narrow band
allocation information may include information for allo-
cating narrow bands to the MTC terminal.
[0147] In step S24, the eNB 200 transmits PDSCHs
((0) and (1) in this case) in two or more subframes. The
information transmitted in the PDSCHs (0) and (1) may
be the information illustrated in Fig. 25 or 26. The infor-
mation transmitted in the PDSCHs (0) and (1) may be
the information illustrated in Fig. 27.

[Fifth modification example]

[0148] Hereinafter, a fifth modification example will be
described. Differences from the embodiments will be
mainly described below.
[0149] In the fifth modification example, as illustrated
in Fig. 29, the eNB 200 performs downlink communica-
tion as MTC in addition to communication of narrow band
allocation information in one subframe. The narrow band
used for communication of the narrow band allocation
information and the narrow band used for downlink com-
munication are provided within the band width (for exam-
ple, 5 MHz) supportable by the MTC terminal.
[0150] The narrow band used for downlink communi-
cation may be specified by an RRC message. The narrow
band used for downlink communication may be prede-
fined.
[0151] The narrow band used for downlink communi-
cation may be specified by the offset value to the narrow
band used for communication of the narrow band alloca-
tion information. The offset value may be specified by a
radio resource control (RRC) message. The offset value
may be predefined. The offset value is information spec-
ifying how much the narrow band used for downlink com-
munication is shifted from the narrow band used for com-
munication of the narrow band allocation information in
the frequency direction. The narrow band used for down-
link communication may be shifted to the lower frequency
in the frequency direction or may be shifted to the higher
frequency in the frequency direction.
[0152] The MTC terminals may be classified into a first
group for monitoring the narrow band used for commu-
nication of the narrow band allocation information and a
second group for not monitoring the narrow band used

for communication of the narrow band allocation infor-
mation. An MTC terminal belonging to the first group is
an MTC terminal provided with the narrow band and nar-
row band allocation information used for downlink com-
munication within a bandwidth supportable by the MTC
terminal. The eNB 200 performs both communication of
narrow band allocation information and downlink com-
munication with MTC terminals belonging to the first
group within one subframe. On the other hand, the eNB
200 performs none of communication of narrow band al-
location information and downlink communication with
the MTC terminals belonging to the second group within
one subframe.
[0153] Next, there will be considered a case where
communication of narrow band allocation information
and downlink communication are repeatedly performed
in a plurality of subframes as illustrated in Fig. 30. In this
case, the subframes in which communication of band
allocation information is repeated overlap at least some
of the subframes in which downlink communication is
repeated. The number of subframes in which communi-
cation of narrow band allocation information and down-
link communication overlap (hereinafter, the number of
overlapping subframes K) may be specified by an RRC
message. The number of overlapping subframes K may
be a fixed value.
[0154] In this case, since the number of repetitions of
the M-PDCCH (PDSCH) is included in the DCI of the M-
PDCCH, if the MTC terminal does not successfully de-
code the M-PDCCH, the MTC terminal cannot grasp the
timing when the repeated transmission of the M-PDCCH
(PDSCH) is ended. Therefore, the MTC terminal stores
the PDSCH possibly transmitted from the eNB 200 in the
buffer until the MTC terminal successfully decodes the
M-PDCCH. From this point of view, the number of over-
lapping subframes K may be set to 1 in order to minimize
the amount of PDSCH to be stored in the buffer. On the
other hand, from the viewpoint of reducing the delay time
of the PDSCH, the number of overlapping subframes K
may be a large value.
[0155] The number of repetitions is specified by an
RRC message and a DCI. Specifically, as illustrated in
Fig. 31, rMAX is specified by the RRC message, and r1
to r4 are specified by the DCI. The number of repetitions
is specified by a combination of rMAX and r1 to r4.

[Sixth modification example]

[0156] A sixth modification example will be described.
Differences from the embodiments will be mainly de-
scribed below.
[0157] In relation to the sixth modification example,
there will be considered a case where MTC is Half Duplex
(HD)-Frequency Division Duplex (FDD). In HD-FDD, ei-
ther uplink communication or downlink communication
is performed.
[0158] In this case, when receiving the uplink narrow
band allocation information as the narrow band allocation

25 26 



EP 3 506 701 A1

15

5

10

15

20

25

30

35

40

45

50

55

information, the MTC terminal performs uplink commu-
nication in the subframe after the first offset from the sub-
frame in which the uplink narrow band allocation infor-
mation was received. On the other hand, when receiving
the downlink narrow band allocation information as the
narrow band allocation information, the MTC terminal
performs downlink communication in the subframe after
the second offset from the subframe in which the down-
link narrow band allocation information was received. For
example, the first offset is four subframes and the second
offset is two subframes.
[0159] In this case, as illustrated in Fig. 32, depending
on the transmission timing of the uplink narrow band al-
location information (M-PDCCH (UL)) and the downlink
narrow band allocation information M-PDCCH (DL), the
subframe for uplink communication PUSCH) and the
subframe for downlink communication (PDSCH) may
conflict with each other. The reason for such conflict is
that the first offset and the second offset are different,
and repeated PUSCH and PDSCH transmissions are
performed.
[0160] Therefore, when the subframe for the PUSCH
is the same as the subframe for the PDSCH, the MTC
terminal shifts one of the subframe for the PUSCH and
the subframe for the PDSCH in the time direction. In the
example illustrated in Fig. 32, since the M-PDCCH (UL)
has been transmitted first and the PUSCH transmission
has already been performed, the subframe for the PD-
SCH is shifted. Fig. 32 illustrates a case where the
number of repetitions of PUSCH is two.

[Seventh modification example]

[0161] A seventh modification example will be de-
scribed. Differences from the embodiments will be mainly
described below.
[0162] In the seventh modification example, the eNB
200 transmits to the MTC terminal information specifying
the bandwidths supportable by the MTC terminal. The
information specifying the bandwidths supportable by the
MTC terminal is included in an RRC message, for exam-
ple. The types of bandwidths supportable by the MTC
terminal are 5 MHz and 3 MHz, for example. The band-
width of 5 MHz may include 25 resource blocks (24 re-
source blocks (= four narrow bands) + one resource
block). The bandwidth of 3 MHz may include 15 resource
blocks (12 resource blocks (= two narrow bands) + three
resource blocks). In this case, the patterns of narrow
bands (four narrow bands) allocated to the MTC terminal
corresponding to the bandwidth of 5 MHz can be repre-
sented by two bits, for example. However, all the patterns
of the narrow bands (four narrow bands) allocated to the
MTC terminal may be represented by four bits. On the
other hand, the patterns of narrow bands (two narrow
bands) allocated to the MTC terminal corresponding to
the bandwidth of 3 MHz can be represented by one bit,
for example. However, all the patterns of the narrow
bands (two narrow bands) allocated to the MTC terminal

may be represented by two bits.
[0163] Under this premise, the eNB 200 transmits to
the MTC terminal, the narrow band allocation information
including information specifying a pattern of narrow
bands to be allocated to the MTC terminal according to
the bandwidth supportable by the MTC terminal. That is,
the number of bits of narrow band allocation information
(that is, DCI of M-PDCCH) can be flexibly changed ac-
cording to the bandwidth supportable by the MTC termi-
nal.
[0164] The position of the narrow band allocated to the
MTC terminal may be predetermined in accordance with
the bandwidth supportable by the MTC terminal. The po-
sition of the narrow band allocated to the MTC terminal
may be specified by an RRC message according to the
bandwidth supportable by the MTC terminal. The position
of the narrow band allocated to the MTC terminal may
be specified by the DCI of the M-PDCCH according to
the bandwidth supportable by the MTC terminal.

[Eighth modification example]

[0165] An eighth modification example will be de-
scribed. Differences from the embodiments will be mainly
described below.
[0166] In the eighth modification example, the MCS
used in MTC will be mainly described. The DCI of the M-
PDCCH includes a four-bit field representing the index
value (IMCS) of the MCS. That is, the possible range of
the MCS value is 0 to 15. However, in order to increase
the throughput in the MTC, it is considered that a higher
throughput MCS is required.
[0167] In the eighth modification example, the eNB 200
transmits to the MTC terminal information necessary for
replacement reading of the index value of the MCS in-
cluded in the DCI of the M-PDCCH. The information nec-
essary for replacement reading of the index value of the
MCS is included in an RRC message, for example. The
information necessary for replacement reading of the in-
dex value of the MCS may be included in the DCI of the
M-PDCCH.
[0168] For example, the MTC terminal has an MCS
table illustrated in Fig. 33. The MCS table associates the
MCS Index (IMCS described above), modulation order
(Q’m), transport block size (TBS) index (ITBS), and redun-
dancy vertion (rvldx). That is, the MTC terminal can ac-
quire modulation order (Q’m), TBS index (ITBS), and re-
dundancy vertion (rvldx) associated with the index value
(IMCS) of the MCS from the MCS table.
[0169] As described above, the field representing the
index value (IMCS) of the MCS is four bits. Therefore,
when the index value of the MCS is not differently read,
the possible range of the index value of the MCS is 0 to
15 as illustrated in Fig. 33.
[0170] First, the information necessary for replace-
ment reading of the index value of the MCS may be an
offset value to be added to the index value of the MCS
(hereinafter referred to as an additional offset value). In
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this case, as illustrated in Fig. 34, the possible range of
MCS index value after replacement (hereinafter referred
to as MCS index (replacement read value)) shifts to the
high throughput side. In this case, since the additional
offset value is 4, the possible range of the MCS index
(replacement read value) is 4 to 19.
[0171] Secondly, the information necessary for re-
placement reading of the index value of the MCS may
be an offset value to be multiplied by the index value of
the MCS (hereinafter referred to as a multiplying offset
value). In this case, the possible range of the MCS index
(replacement read value) is extended as illustrated in Fig.
34. On the other hand, as the index value of the MCS
changes by one level, the change width of the TBS index
(that is, the change width of the TBS) increases. In this
case, since the multiplying offset value is 2, an even-
numbered index can be used as the MCS index (replace-
ment read value) in the MCS table. In other words, the
MCS index (replacement read value) specifiable by the
index value of the MCS and the MCS index (replacement
read value) not specifiable by the index value of the MCS
are alternately arranged.
[0172] In this case, the additional offset value (offset
1) and the multiplying offset value (offset 2) described
above may be combined. Specifically, the replacement
reading of the index value of the MCS is performed ac-
cording to the equation MCS index (replacement read
value) = (IMCS 3 offset 2) + offset 1. The available addi-
tional offset value is 0 or more and is equal to or less
than the value obtained by subtracting 1 from the multi-
plying offset value. For example, in the case illustrated
in Fig. 34, assuming that the multiplying offset value is 2
and the additional offset value is 1, an odd-numbered
index can be used as the MCS index (replacement read
value). Even in this case, the MCS index (replacement
read value) specifiable by the index value of the MCS
and the MCS index (replacement read value) not speci-
fiable by the index value of the MCS are alternately ar-
ranged.
[0173] Thirdly, the information necessary for replace-
ment reading of the index value of the MCS may be in-
formation specifying the MCS table to be referred to by
using the index value of the MCS. For example, in the
premise that a plurality of MCS tables is prepared, the
information necessary for replacement reading of the in-
dex value of the MCS may be information specifying one
of the plurality of MCS tables. The MCS tables prepared
may be, for example, tables in which rows of MCS index
(replacement read value) not specifiable by the index val-
ue of MCS are deleted from the MCS tables illustrated
in Figs. 33 to 35. Alternatively, a new MCS table may be
defined. The prepared MCS tables may include at least
one new MCS table in addition to the existing MCS tables.

[Other embodiments]

[0174] The present disclosure has been described in
terms of the embodiments described above, it should not

be understood that the description and drawings consti-
tuting a part of this disclosure limit this disclosure. From
this disclosure, various alternative embodiments, exam-
ples, and operational techniques will be apparent to those
skilled in the art.
[0175] For example, the following operations may be
performed. Differences from the embodiments will be
mainly described below.
[0176] Fig. 36 is a configuration diagram (assumed en-
vironment) of a communication system according to an-
other embodiment. A UE-A (first user terminal) is located
in the cell of an eNB (base station). A UE-B (second user
terminal) is located near the cell of the eNB. The UE-A
is in a situation communicable with the UE-B. The UE-A
is a terminal (relay UE) capable of relaying communica-
tion from the eNB to the UE-B. The UE-B may be a wear-
able terminal. The communication between the UE-A and
the UE-B may use a device-to-device (D2D) technology.
[0177] Fig. 37 is a sequence diagram according to an-
other example. Communication between the eNB and
the UE-A may be performed using a first bandwidth that
is wider than the second bandwidth. Communication be-
tween the eNB and the UE-B may be performed using a
narrow band of the second bandwidth narrower than the
first bandwidth. Communication between the UE-A and
the UE-B may be performed using a narrow band of the
second bandwidth narrower than the first bandwidth.
[0178] In step S110, the eNB transmits control infor-
mation to the UE-A. The UE-A receives control informa-
tion from the eNB. The UE-B may not be able to receive
the control information directly from the eNB. The eNB
transmits the control information including the narrow
band allocation information (control info or control infor-
mation) to the UE-A or the UE-B.
[0179] The control information transmitted from the
eNB to the UE-A may be SIB. The SIB transmitted from
the eNB to the UE-A may be the SIB defined for the MTC.
The control information transmitted from the eNB to the
UE-A may be MIB. The control information transmitted
from the eNB to the UE-A may be a dedicatedly trans-
mitted RRC message (RRC message). The control in-
formation transmitted from the eNB to the UE-A may be
a DCI message of the PHY layer transmitted dedicatedly
(DCI message).
[0180] The control information transmitted from the
eNB to the UE-B may be SIB. The SIB transmitted from
the eNB to the UE-B may be the SIB defined for the MTC.
The control information transmitted from the eNB to the
UE-B may be MIB. The control information transmitted
from the eNB to the UE-B may be a dedicatedly trans-
mitted RRC message (RRC message). The control in-
formation transmitted from the eNB to the UE-B may be
a DCI message of the PHY layer transmitted dedicatedly
(DCI message).
[0181] The control information may be an upper layer
parameter (for example, RRC). When the control infor-
mation is a DCI message, sufficient time may be provided
between the control information and the data.
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[0182] When the UE-B fails to receive the control in-
formation transmitted at a specific timing from the eNB,
the UE-B may attempt to receive the control information
from the UE-A (relay UE). Whether the UE-B receives
the control information from the relay UE may be preset
from the eNB.
[0183] In step S120, the UE-A transmits the control
information to the UE-B. The UE-B receives the control
information.
[0184] The UE-A can relay the control information re-
ceived from the eNB to the UE-B. The UE-A may always
relay the control information to the UE-B. The UE-A may
relay the control information to the UE-B only when re-
ceiving relay indication (signal). The UE-A may relay the
control information to the specific UE. When the destina-
tion (for example, the UE-B) is specified in the relay in-
dication signal, the UE-A may relay the control informa-
tion to the UE specified as the destination. The relay in-
dication signal may include a destination cell radio net-
work temporary identifier (C-RNTI). The relay indication
signal may include a relay RNTI for decoding (coding)
the relay data.
[0185] The UE-A transmits the control information in-
cluding the narrow band allocation information to the UE-
B. The transmission from the UE-A to the UE-B may be
performed using a unique radio network temporary iden-
tifier (RNTI) between the UE-A and the UE-B. The control
information transmitted from the UE-A to the UE-B may
be the SIB defined for MTC.
[0186] Resources for relaying may be notified by the
eNB to the UE-A (relaying UE). The resources for relaying
may be predetermined in advance.
[0187] Even if the UE-B fails to receive the control in-
formation from the eNB, the UE-B can receive the narrow
band allocation information allocated by the eNB from
the UE-A. As a result, the eNB can transmit the narrow
band allocation information to the UE-B.
[0188] In step S130, the eNB transmits data to the UE-
A and the UE-B. The UE-A receives the data from the
eNB. The UE-B receives the data from the eNB. When
the UE-B succeeds in receiving the control information
from the UE-A (relay UE), the UE-B can receive the data
according to the control information. The data is informa-
tion transmitted through the PDSCH. The frequency use
band of the data may be different from the frequency use
band of the control information.
[0189] In relation to the foregoing embodiments (oper-
ation examples), the case where the MTC is downlink
communication has been described. However, the
present invention is not limited to this case. The embod-
iments are also applicable to a case where the MTC is
uplink communication.
[0190] Although not specifically mentioned in relation
to the embodiment, there may be provided programs for
causing a computer to execute processes performed by
the UE 100 and the eNB 200. The programs may be
recorded on a computer readable medium. Using the
computer readable medium makes it possible to install

the programs in a computer. In this case, the computer
readable medium on which the programs are recorded
may be a non-transitory recording medium. The non-tran-
sitory recording medium is not particularly limited, but it
may be a recording medium such as CD-ROM or DVD-
ROM, for example.
[0191] Alternatively, there may be provided a chip
formed from a memory that stores the programs for ex-
ecuting the process to be performed by the UE 100 and
the eNB 200, and a processor that executes the programs
stored in the memory.
[0192] In relation to the embodiments, the LTE system
has been described as an example of the mobile com-
munication system. However, the embodiment is not lim-
ited to this. The mobile communication system may be
a system other than the LTE system.

[Supplementary Note A]

(A1) Larger maximum PDSCH/PUSCH channel band-
width

[0193] It agreed to support wider channel bandwidth
[5 or 20 MHz] for BL UEs and non-BL UEs in CE mode
A with reusing the Rel.13 MPDCCH design. According
to these agreements, MPDCCH can indicate RBs corre-
sponding to [5MHz or 20MHz] for PDSCH. There are two
options to indicate the wider PDSCH/PUSCH by MPD-
CCH. Fig. 38 is a diagram for explaining two options for
wider PDSCH/PUSCH for FeMTC service. In Fig. 38A,
a single MPDCCH indicates multiple NBs. In Fig. 38B, a
single MPDCCH indicates NBs constituting N RBs.
[0194] First, as shown in Fig. 8A, MPDCCH can indi-
cated the N x NB (6RBs) of PDSCH/PUSCH. In this case,
new DCI format of MPCCH should be defined to indicate
the multiples NBs.
[0195] Second one is shown in Fig. 38B simply widen-
ing the channel-bandwidth of NB channel from 6RBs to
N RBs. In this case, number of RBs within each NB is
changed. For example, if the UE supports the 5MHz
bandwidth in 10MHz system bandwidth, 10MHz may be
divided into two NBs, then one NB is consist of 25RBs.
In this case, new DCI format of MPDCCH should be de-
fine to indicate the larger number of RBs because current
DCI format 6-0A/6-1A(/6-0B/6-1B) is not capable of such
assignments. Frequency hopping is another option to
support wider channel bandwidths; however, there is risk
of increase in complexity since the design will have to
consider avoiding overlapping with the legacy resource
allocation. To keep co-existence with the legacy MTC
devices, method of MPDCCH indicating multiple NBs
should be supported for larger maximum bandwidth. In
addition to keep low MTC device complexity, the Rel.-14
FeMTC UE should only support contiguous RF band-
widths corresponding to UE capability such as 5MHz.
Taking UL transmission into account, NB resource allo-
cation should contiguous to maintain the low PAPR for
power consumption.
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[0196] Proposal 1: To keep co-existence with legacy
MTC devices, a single MPDCCH indicating to multiple
NBs should be supported for larger maximum bandwidth.
[0197] Proposal 2: If a single MPDCCH indicating to
multiple NBs is supported then a new DCI format must
be considered.
[0198] Proposal 3: To keep low MTC device complex-
ity, the Rel.-14 FeMTC UE should only support contigu-
ous RF bandwidths corresponding to UE capability.
[0199] Proposal 4: To keep low PAPR, if MPDCCH in-
dicating to the multiple NBs for PUSCH, the NB assign-
ment should be contiguous.

(A2) Same subframe scheduling

[0200] Cross subframe scheduling by MPDCCH was
agreed for wider bandwidth PDSCH/PUSCH. In the
Rel.13 eMTC, cross-subframe scheduling is applied be-
cause the number of RBs within NBs is quite limited which
does not allow same-subframe scheduling. However, if
UE can receive more than 6RBs due to support for wider
channel bandwidth then there are enough resources to
transmit MPDCCH and PDSCH in the same subframe.
Same subframe scheduling is more efficient since it de-
creases the latency, especially in the low repetition cas-
es. As shown in the Fig. 39, if the same subframe sched-
uling is applied for the last subframes of the MPDCCH
repetitions then there is no need for buffering of the PD-
SCH data. However, there might be some devices that
are able to successfully decode the MPDCCH early such
that they can start decoding the associated PDSCH early
as well. It is given the total bandwidth including the gap
between the MPDCCH and PDSCH in the same sub-
frame has to be less than UE capability such as 5MHz.
[0201] Proposal 5: Rel.14 BL UE should be considered
to support same subframe scheduling.

[Supplementary Note B]

(B1) Introduction

[0202] Further Enhanced MTC for LTE WI was ap-
proved, which includes a task to support the higher data
rate than 1Mbps for voice capable wearable devices and
health monitoring devices. To support more than 1Mbps
larger TBS size supporting agreements were made. In
this supplementary note, we share our views on the de-
sign for larger maximum TBS size

(B2) TBS/MCS design

(B 2.1) UE with 1.4 MHz bandwidth in TDD/HD-FDD

[0203] Maximum UL TBS for CE Mode A UEs with max-
imum 1.4 MHz bandwidth in TDD/HD-FDD can support
2984 bits. On the other hand, DCI format 6-0A for CE
Mode A contains only 4-bit MCS indexes; Hence, 4-bit
MCS indexes only support 1736 bits with 1.4MHz shown

in Fig. 40. In order to support 2984 bits with 1.4MHz band-
width, at least MCS value of 23 (IMCS = 23) should be
included as indicated in Fig. 41, IMCS = 23 corresponding
to 2984bits. In other words, UE should support 64-QAM
transmissions.
[0204] Proposal 1: 64-QAM transmissions should be
supported for UL TBS 2984 bits for 1.4MHz channel
bandwidth.
[0205] To support higher MCS indexes, it needs to con-
sider how eNB indicates higher MCS indexes such as
IMCS 23 to UE. There are the two possible approaches.
The first approach is to define, a new DCI format to sup-
port higher MCS. The second approach is to simply
change the interpretation of one of the legacy DCI for-
mats. The second approach is much simpler because it
allows the reuse one of the existing DCI formats with the
RRC signaling based configuration to indicate the new
UE behavior. This approach has the minimum impact on
the specifications For example, when UE receives the
interpretation indication via RRC signaling the UE could
switch to the new MCS index interpretation where each
MCS index maps to every other alternate MCS value.
For example, an offset indicator is used to define whether
the MCS starts from index 0 or 0 + offset value. Addition-
ally, a new MCS index interpretation supports the inter-
lace MCS value such as only supporting odd or even
MCS value. This method allows supporting higher MCS
values as well as it dynamically adapts to the channel
conditions.
[0206] Proposal 2: RRC signaling based change of the
interpretation of MCS values of the legacy DCI formats
should be supported. Details of interpretation should be
discussed.

(B2.2) BL UEs supporting larger UE channel BW

[0207] A larger maximum UE channel BW for PDSCH
and PUSCH in RRC connected mode is 5 MHz for Rel-
14 BL UEs in CE mode A. In addition, this eNB/UE can
support at least 2984 bits for PUSCH/PDSCH. The sup-
port for both the larger TBS and wider bandwidth allows
us to consider whether 64QAM transmissions should be
supported for MTC UL in LTE Rel.-14. The 64QAM trans-
mission has a benefit of requiring a smaller number of
RBs to carry a given TBS resulting in more scheduling
flexibility to the eNB and higher efficiency. In UL case,
narrow band usage has a better link budget and perform-
ance due to higher PSD of the received signal at the eNB.
Additionally, as mentioned above, Rel.14 TDD/HD-FDD
UEs should support 64-QAM transmission to transmit
2984 bits. Therefore, BL UEs supporting larger maximum
BW also support the 64-QAM modulation. A new DCI
format for 64QAM is a further task.
[0208] Proposal 3: BL UEs supporting larger maximum
BW also should support the 64QAM modulation.
[0209] The entire contents of U.S. Provisional Applica-
tion No. 62 / 4021,97 (filed September 30, 2016) are here-
by incorporated by reference.
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Claims

1. A mobile communication method for performing pre-
determined communication between a base station
and a second user terminal by using a narrow band
of a second bandwidth narrower than a first band-
width supportable by a first user terminal in one unit
time, comprising:

a step A of transmitting, from the base station
to the second user terminal, narrow band allo-
cation information for allocating two or more nar-
row bands to the second user terminal as allo-
cation information of the narrow band used for
the predetermined communication; and
a step B in which the second user terminal per-
forms the predetermined communication by us-
ing the two or more narrow bands based on the
narrow band allocation information, wherein
the two or more narrow bands are provided with-
in a bandwidth supportable by the second user
terminal.

2. The mobile communication method according to
claim 1, wherein the step A is a step of transmitting
the narrow band allocation information including in-
formation specifying the two or more narrow bands.

3. The mobile communication method according to
claim 1, comprising:

a step of transmitting, from the base station to
the second user terminal, a radio resource con-
trol (RRC) message including information spec-
ifying a bandwidth supportable by the second
user terminal; and
a step in which the base station changes the
number of bits of the narrow band allocation in-
formation according to the bandwidth supporta-
ble by the second user terminal.

4. The mobile communication method according to
claim 1, wherein
the step A includes a step of transmitting, from the
base station to the second user terminal, information
for allocating two or more subframes to the second
user terminal, and
the step B includes a step in which the second user
terminal performs the predetermined communica-
tion by using the narrow band included in the two or
more subframes based on the information for allo-
cating the two or more subframes.

5. The mobile communication method according to
claim 4, wherein the step A includes a step of trans-
mitting, from the base station to the second user ter-
minal, information specifying whether to perform fre-
quency hopping of the narrow band in the two or

more subframes.

6. The mobile communication method according to
claim 2, wherein a correspondence relationship be-
tween an index as information specifying a combi-
nation of the two or more narrow bands and the com-
bination of the two or more narrow bands is prede-
termined.

7. The mobile communication method according to
claim 6, wherein
the predetermined communication is downlink com-
munication from the base station to the second user
terminal, and
the two or more narrow bands are separated in a
frequency direction.

8. The mobile communication method according to
claim 2, wherein the index includes a start index that
specifies one of a plurality of narrow bands and a
number index that specifies the number of the two
or more narrow bands.

9. The mobile communication method according to
claim 8, wherein
the plurality of narrow bands is classified into two or
more groups, and
the two or more narrow bands is selected based on
the number index from among a group including the
narrow band specified by the start index.

10. The mobile communication method according to
claim 9, wherein
the predetermined communication is downlink com-
munication from the base station to the second user
terminal, and
in each of the two or more groups, narrow bands
included in each of the two or more groups are sep-
arated in a frequency direction.

11. The mobile communication method according to
claim 1, comprising a step C of transmitting, from the
base station to the second user terminal, information
specifying a pattern of frequency hopping of the two
or more narrow bands and information specifying a
resource block to be allocated to the second user
terminal in the two or more narrow bands.

12. The mobile communication method according to
claim 11, wherein
the pattern of the frequency hopping applied to the
second user terminal is the same as a pattern of
frequency hopping applied to a third user terminal
using one narrow band included in the two or more
narrow bands, and
the resource block allocated to the second user ter-
minal in the two or more narrow bands is different
from a resource block allocated to the third user ter-
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minal in the one narrow band.

13. The mobile communication method according to
claim 11, wherein
a plurality of narrow bands is classified into two or
more groups,
the number of the two or more groups is determined
by the number of times hopping is performed in the
frequency hopping applied to the second user termi-
nal, and
the frequency hopping applied to the second user
terminal is performed between the two or more
groups while maintaining a state in which the two or
more narrow bands are included in one group.

14. The mobile communication method according to
claim 1, wherein the step A includes a step of trans-
mitting the narrow band allocation information in-
cluding blank information specifying a blank re-
source block not to be allocated to the second user
terminal in the two or more narrow bands.

15. The mobile communication method according to
claim 14, wherein the blank information includes in-
formation specifying a narrow band to which the
blank resource block is applied and information
specifying a position of the blank resource block.

16. The mobile communication method according to
claim 14, wherein
the two or more narrow bands are consecutive in the
frequency direction,
the second user terminal is configured to use con-
secutive resource blocks in resource blocks included
in the two or more narrow bands, and
the blank information includes information specifying
a level of frequency at which the blank resource block
is to be arranged, and information specifying the
number of the blank resource blocks.

17. The mobile communication method according to
claim 14, wherein
the two or more narrow bands are consecutive in the
frequency direction,
the second user terminal is configured to use con-
secutive resource blocks in resource blocks included
in the two or more narrow bands, and
the blank information includes information specifying
an arrangement of the blank resource block.

18. A mobile communication method for performing pre-
determined communication between a base station
and a second user terminal by using a narrow band
of a second bandwidth narrower than a first band-
width supportable by a first user terminal in one sub-
frame, comprising:

a step A of transmitting, from the base station

to the second user terminal, narrow band allo-
cation information for allocating two or more sub-
frames to the second user terminal as allocation
information of the narrow band used for the pre-
determined communication; and
a step B in which the second user terminal per-
forms the predetermined communication by us-
ing the narrow band included in the two or more
subframes based on the narrow band allocation
information.

19. The mobile communication method according to
claim 18, wherein the step B is a step of performing
the predetermined communication by using two or
more hybrid automatic repeat request (HARQ) proc-
esses.

20. The mobile communication method according to
claim 18, wherein the narrow band allocation infor-
mation includes information specifying the number
of the two or more subframes.

21. The mobile communication method according to
claim 18, wherein the narrow band allocation infor-
mation includes information specifying the narrow
band to be allocated to the second user terminal in
a first subframe out of the two or more subframes.

22. The mobile communication method according to
claim 18, wherein the narrow band allocation infor-
mation includes information specifying a resource
block to be allocated to the second user terminal in
the narrow band included in a first sub frame out of
the two or more subframes.

23. The mobile communication method according to
claim 18, wherein the narrow band allocation infor-
mation includes information specifying whether to
perform frequency hopping of the narrow band in the
two or more subframes.

24. The mobile communication method according to
claim 23, wherein a timing of the frequency hopping
of the narrow band is a timing specified by a radio
resource control (RRC) message or a switching tim-
ing of repeated transmission in the predetermined
communication.

25. The mobile communication method according to
claim 18, wherein the step B includes a step of, in a
case where a setting of performing no repeated
transmission is made in the predetermined commu-
nication, using the narrow band included in the sec-
ond and subsequent subframes out of the two or
more subframes to perform the predetermined com-
munication using the narrow band included in the
first subframe out of the two or more subframes.

37 38 



EP 3 506 701 A1

21

5

10

15

20

25

30

35

40

45

50

55

26. The mobile communication method according to
claim 19, wherein the step B includes a step of per-
forming initial transmission by using the two or more
HARQ processes and then performing retransmis-
sion by using the two or more HARQ processes.

27. The mobile communication method according to
claim 19, wherein the step B includes a step of per-
forming initial transmission and retransmission by
using a first HARQ process included in the two or
more HARQ processes and then performing initial
transmission and retransmission using a second
HARQ process included in the two or more HARQ
processes.

28. The mobile communication method according to
claim 18, wherein the step B includes a step B 1 in
which, when the second user terminal receives first
narrow band allocation information as the narrow
band allocation information and then receives sec-
ond narrow band allocation information as the nar-
row band allocation information, the second user ter-
minal performs the predetermined communication
by using the second narrow band allocation informa-
tion without using the first narrow band allocation
information.

29. The mobile communication method according to
claim 28, wherein the step B1 is performed when a
hybrid automatic repeat request (HARQ) process of
the second narrow band allocation information is the
same as an HARQ process of the first narrow band
allocation information.

30. The mobile communication method according to
claim 18, wherein the step B includes a step B2 in
which, when the second user terminal receives first
narrow band allocation information as the narrow
band allocation information and then receives sec-
ond narrow band allocation information as the nar-
row band allocation information, the second user ter-
minal performs the predetermined communication
by using both the first narrow band allocation infor-
mation and the second narrow band allocation infor-
mation.

31. The mobile communication method according to
claim 30, wherein the step B2 is performed when a
hybrid automatic repeat request (HARQ) process of
the second narrow band allocation information is dif-
ferent from an HARQ process of the first narrow band
allocation information.

32. A mobile communication method for performing pre-
determined communication between a base station
and a second user terminal by using a narrow band
of a second bandwidth narrower than a first band-
width supportable by a first user terminal in one sub-

frame, comprising:

a step A of transmitting, from the base station
to the second user terminal, narrow band allo-
cation information of the narrow band used for
the predetermined communication; and
a step B in which the second user terminal per-
forms the predetermined communication by us-
ing the narrow band included in the two or more
subframes based on the narrow band allocation
information, wherein
the step A includes a step of performing down-
link communication from the base station to the
second user terminal as the predetermined
communication in addition to communication of
the narrow band allocation information in the one
subframe, and
the narrow band used for the communication of
the narrow band allocation information and the
narrow band used for the downlink communica-
tion are provided within the bandwidth support-
able by the second user terminal.

33. The mobile communication method according to
claim 32, wherein the narrow band used for the
downlink communication is specified by a radio re-
source control (RRC) message or is predetermined.

34. The mobile communication method according to
claim 32, wherein
the narrow band used for the downlink communica-
tion is specified by an offset value to the narrow band
used for the communication of the narrow band al-
location information, and
the offset value is specified by a radio resource con-
trol (RRC) message or is predetermined.

35. The mobile communication method according to
claim 32, wherein
the second user terminals are classified into a first
group that monitors the narrow band used for the
communication of the narrow band allocation infor-
mation and a second group that does not monitor
the narrow band used for the communication of the
narrow band allocation information, and
in the step A, the communication of the narrow band
allocation information and the downlink communica-
tion with the second user terminal belonging to the
first group are performed.

36. The mobile communication method according to
claim 32, wherein
the communication of the narrow band allocation in-
formation and the downlink communication are re-
peatedly performed in a plurality of subframes, and
the subframes in which the communication of the
narrow band allocation information is repeated over-
lap at least some of the subframes in which the down-
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link communication is repeated.

37. The mobile communication method according to
claim 36, wherein the number of the subframes in
which the communication of the narrow band alloca-
tion information and the downlink communication
overlap is specified by an radio resource control
(RRC) message.

38. A mobile communication method for performing pre-
determined communication between a base station
and a second user terminal by using a narrow band
of a second bandwidth narrower than a first band-
width supportable by a first user terminal in one sub-
frame, comprising:

a step A of transmitting, from the base station
to the second user terminal, narrow band allo-
cation information used for the predetermined
communication; and
a step B in which the second user terminal per-
forms the predetermined communication by us-
ing the narrow band included in the two or more
subframes based on the narrow band allocation
information, wherein
the step B includes:

a step of, when receiving uplink narrow
band allocation information as the narrow
band allocation information, performing up-
link communication from the second user
terminal to the base station as the predeter-
mined communication in a subframe after a
first offset from a subframe in which the up-
link narrow band allocation information is re-
ceived;
a step of, when receiving downlink narrow
band allocation information as the narrow
band allocation information, performing
downlink communication from the base sta-
tion to the second user terminal as the pre-
determined communication in a subframe
after a second offset from a subframe in
which the downlink narrow band allocation
information is received; and
a step of, when the subframe in which the
uplink communication is performed is the
same as the subframe in which the downlink
communication is performed, shifting one
of the subframe in which the uplink commu-
nication is performed and the subframe in
which the downlink communication is per-
formed in a time direction.
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