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READABLE MEDIUM

(57) A Machine-to-machine (M2M) terminal (11) is
configured to receive a first notification from a base sta-
tion (13) and to transmit a second notification to the base
station (13) when establishing a radio connection with
the base station (13) after reception of the first notification
or while performing a procedure for establishing a bearer
between the M2M terminal (11) and a core network (14)
afterreception of the first notification. The first notification
indicates whether specific coverage enhancement
processing is supported in a cell (130) of the base station
(13) in which the M2M terminal (11) is located. The sec-
ond notification indicates that the specific coverage en-
hancement processing is required or being executed by
the M2M terminal (11). It is thus possible to provide an
improvement to allow the M2M terminal to determine ne-
cessity of special coverage enhancement processing for
M2M terminals.
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Description
Technical Field

[0001] The present disclosure relates to a radio com-
munication system which performs a communication
control in order to enhance coverage.

Technical Field

[0002] Inthe 3GPP Long Term Evolution (LTE), stand-
ardization of techniques for improving deterioration of
communication quality due to recent sharp increase in
mobile traffic and for achieving faster communication has
been performed. Further, standardization of techniques
for avoiding increase in a control signaling load due to
connections of an enormous number of Machine to Ma-
chine (M2M) terminals to an LTE network has been per-
formed (Non-Patent Literature 1). The M2M terminals
are, for example, terminals that perform communication
without human intervention. The M2M terminals are
placed in various types of equipment including machines
(e.g., vending machines, gas meters, electric meters, ve-
hicles, railway vehicles, and ships) and sensors (e.g.,
environmental, agricultural, and traffic sensors). In the
LTE, communication performed by the M2M terminals
are referred to as Machine Type Communications (MTC)
and a terminal performing the MTC is referred to as an
MTC terminal (MTC User Equipment (MTC UE)).

[0003] While M2M service providers need to distribute
an enormous number of M2M terminals, there is a limit
to the cost allowable for each M2M terminal. Therefore,
it is required M2M terminals be implemented at a low
cost, and M2M terminals be able to perform communi-
cation with low power consumption, forexample. Further,
in one use case, MTC UEs perform communication while
they are fixedly or statically installed in buildings. In this
case, the radio quality of MTC UEs may be always low
and accordingly coverage enhancement technique is es-
pecially needed for MTC devices compared to normal
UEs having mobility (e.g., mobile telephones, smart-
phones, tablet computers, and notebook personal com-
puters (notebook PCs)). Further, functional restrictions
contributing to reduction of the cost include, for example,
a low maximum transmission power, a small number of
reception antennas, no support of high-order modulation
schemes (e.g., 64 Quadrature Amplitude Modulation
(64QAM)), and a narrow operating bandwidth (e.g., 1.25
MHz), which lower the maximum transmission rate of
MTC UEs. Therefore, in the LTE, standardization of tech-
niques for enhancing communication characteristics of
MTC UEs (i.e., coverage), which are expected to be lower
than those of normal UE has been performed (Non-Pat-
ent Literature 2). In the following description, some ex-
amples of the techniques for enhancing coverage of MTC
UEs discussed in the LTE are described. It can be said
that the coverage enhancement techniques (coverage
enhancement processing) for MTC UEs described below
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are processing for enhancing or improving communica-
tion characteristics or communication quality of MTC
UEs. The state of a UE to which these special coverage
enhancement techniques has been applied is referred to
as a coverage enhancementmode (Enhanced Coverage
Mode (ECM)).

[0004] The ECM canimprove, for example, areception
characteristic of a Physical Broadcast Channel (PBCH),
a transmission characteristic of a Physical Random Ac-
cess Channel (PRACH) preamble (i.e., detection char-
acteristicin an eNB), a reception characteristic of a Phys-
ical Downlink Shared Channel (PDSCH), and a trans-
mission characteristic of a Physical Uplink Shared Chan-
nel (PUSCH). The PBCH is a downlink broadcast chan-
nel used by an eNB to transmit broadcast information
commonly used within a cell. The PRACH is an uplink
physical channel used by a UE for an initial access to a
radio base station (eNB). The PDSCH is a downlink phys-
ical channel used for data receptionby a UE. The PUSCH
is an uplink physical channel used for data transmission
by a UE.

[0005] One processing that is being discussed to im-
prove areception characteristic of the PBCH is to repeat-
edly transmit broadcast information on the PBCH a
number of extra times as compared to the normal oper-
ation by a predetermined number of times (Non-Patent
Literature 3). One processing that is being discussed to
improve a transmission characteristic of the PRACH is
to repeatedly transmit the PRACH (i.e., preamble) a pre-
determined number of times (Non-Patent Literature 4).
Further, one processing that is being discussed to im-
prove a reception characteristic of the PDSCH and a
transmission characteristic ofthe PUSCH is torepeatedly
transmit the PDSCH and the PUSCH over multiple sub-
frames (Non-Patent Literature 5). According to the above
processing, communication characteristics of MTC UEs
that is expected to be lower than that of normal UEs will
be improved.

[0006] It is expected that the coverage enhancement
processing in the ECM is performed for MTC UEs that
perform a delay tolerant access. The delay tolerant ac-
cess is defined as being a new EstablishmentCause that
is specified in an RRC Connection Request message
and is used, for example, to control an overload. The
delay tolerant access is mainly intended for MTC UEs
that execute a delay-tolerant MTC application. For ex-
ample, in a metering service (meter reading service),
there is no need to send a metering report to a remote
system in real time (or in exact communication cycles)
and a long delay may be allowed for the transmission of
the metering report. When an eNB imposes overload
control on the delay tolerant access, the eNB may reject
an RRC Connection Request transmitted by a RRC Con-
nection Request message that contains "Establishment-
Cause" indicating the delay tolerant access.
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Summary of Invention
Technical Problem

[0008] The presentinventor has examined many prob-
lems that are caused when the coverage enhancement
processing in the ECM is applied to MTC UEs (M2M ter-
minals). For example, while PBCH repetition is common-
ly applied to MTC UEs in a cell, RACH repetition and
PDSCH/PUSCH repetition are separately applied to
each MTC UE.

[0009] Inone example, an eNB may determine wheth-
er the ECM, in particular, coverage enhancement
processing on a per-MTC-UE basis (e.g., RACH repeti-
tion and PDSCH/PUSCH repetition) is required for a spe-
cific MTC UE or not. Since PDSCH/PUSCH repetition
requires allocation of radio resources by an eNB, it may
be reasonable that the necessity of the coverage en-
hancement processing on a per-MTC-UE basis is deter-
mined by the eNB.

[0010] On the other hand, however, that the necessity
of the ECM is determined by an eNB may cause prob-
lems. For example, If an MTC UE cannot start the ECM
until an eNB has determined the necessity of the ECM
(in particular, the coverage enhancement processing on
a per-MTC-UE basis) for this specific MTC UE, the MTC
UE cannot benefit from the improvement of communica-
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tion characteristics by the ECM until the determination in
the eNB has been completed. This may cause increase
in delay time until the MTC UE becomes able to benefit
from the improvement of communication characteristics
by the ECM. Accordingly, in the worst case, the MTC UE
may fail the first access to the eNB (e.g., random access
on the PRACH, or procedure for establishing a radio con-
nection (Radio Resource Control (RRC) Connection)).

[0011] In view of the above, one exemplary object of
embodiments disclosed in the specification is to provide
an MTC UE (M2M terminal), a base station, a method,
and a program that are improved to allow the MTC UE
to determine necessity of special coverage enhancement
processing for MTC UEs (e.g., coverage enhancement
processing in the ECM). It should be noted that this object
is merely one of objects accomplished by the embodi-
ments disclosed in the specification. The other objects
or problems and novel features will be made apparent
from the specification or the accompanying drawings.

Solution to Problem

[0012] Inoneaspect,an M2M terminalincludes a radio
communication unit and a controller. The radio commu-
nication unit is configured to communicate with a base
station. The controller is configured to receive a first no-
tification from the base station, and to transmit a second
notification to the base station when establishing a radio
connection with the base station after reception of the
first notification or while performing a procedure for es-
tablishing a bearer between the M2M terminal and a core
network after reception of the first notification. The first
notification indicates whether specific coverage en-
hancement processing is supported in a cell of the base
station in which the M2M terminal is located. The second
notification indicates that the specific coverage enhance-
ment processing is required or being executed by the
M2M terminal.

[0013] In one aspect, a base station includes a radio
communication unit and a controller. The radio commu-
nication unit is configured to communicate with an M2M
terminal. The controller is configured to transmit, via the
radio communication unit, a first notification indicating
that specific coverage enhancement processing for the
M2M terminal is supported in a cell of the base station in
which the M2M terminal is located.

[0014] In one aspect, a method performed by an M2M
terminal includes (a) receiving a first notification from a
base station, and (b) transmitting a second notification
to the base station when establishing a radio connection
with the base station after reception of the first notification
or while performing a procedure for establishing a bearer
between the M2M terminal and a core network after re-
ception of the first notification. The first notification indi-
cates whether specific coverage enhancement process-
ing is supported in a cell of the base station in which the
M2M terminal is located. The second notification indi-
cates that the specific coverage enhancement process-
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ing is required or being executed by the M2M terminal.

[0015] In one aspect, a method performed by a base
station includes transmitting a first notification in a cell of
the base station in which an M2M terminal is located.
The first notification indicates that specific coverage en-
hancement processing for the M2M terminal is supported
in the cell.

[0016] In one aspect, a program contains a set of in-
structions (software codes) which, when loaded into a
computer, causes the computer to perform any one of
the aforementioned methods.

Advantageous Effects of Invention

[0017] According to the above aspects, it is possible
to provide an MTC UE (M2M terminal), a base station, a
method, and a program that are improved to allow the
MTC UE to determine necessity of special coverage en-
hancement processing for MTC UEs. It should be noted
that this effect is merely one of effects expected to be
brought about by the embodiments disclosed in the spec-
ification.

Brief Description of Drawings
[0018]

Fig. 1 is a diagram showing a configuration example
of a radio communication system according to a first
embodiment;

Fig. 2 is a sequence diagram showing one example
of communication procedures according to the first
embodiment;

Fig. 3 is a sequence diagram showing another ex-
ample of the communication procedures according
to the first embodiment;

Fig. 4 is a sequence diagram showing one example
of communication procedures according to a second
embodiment;

Fig. 5 is a sequence diagram showing one example
of communication procedures according to a third
embodiment;

Fig. 6 is a sequence diagram showing one example
of communication procedures according to a fourth
embodiment;

Fig. 7 is a block diagram showing a configuration
example of an M2M terminal (MTC UE) according
to embodiments of the present invention; and

Fig. 8 is a block diagram showing a configuration
example of a base station (eNB) according to em-
bodiments of the present invention.

Description of Embodiments

[0019] Hereinafter, specific embodiments will be de-
scribed in detail with reference to the drawings. The same
or corresponding components are denoted by the same
reference symbols throughout the drawings, and repeti-
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tive explanations will be omitted as necessary for the
sake of clarity.

[0020] Each of embodiments described below may be
implemented independently or in combination with any
other. These embodiments include novel characteristics
different from one another. Accordingly, these embodi-
ments contribute to achieving objects or solving problems
different from one another and contribute to obtaining
advantages different from one another.

First Embodiment

[0021] Fig. 1 shows a configuration example of a radio
communication system according to this embodiment.
This radio communication system provides communica-
tion services, such as voice communication or packet
data communication or both, for example. With reference
to Fig. 1, the radio communication system includes M2M
terminals 11 (11A, 11B, 11C), a normal radio terminal 12
which is not an M2M terminal, a base station 13, and a
core network 14. The radio terminal 12 is, for example,
a mobile telephone, a smartphone, a tablet computer, or
a notebook PC. The M2M terminals 11A, 11B, and 11C,
and the radio terminal 12 are located in a cell 130 of the
base station 13. In this embodiment, the radio commu-
nication system is described as being a 3GPP LTE sys-
tem. That is, the M2M terminals 11 correspond to MTC
UEs, the radio terminal 12 corresponds to a normal UE
which is notan MTC UE, the base station 13 corresponds
to an eNodeB (eNB), and the core network 14 corre-
sponds to an Evolved Packet Core (EPC).

[0022] InFig.1,thedistance betweenthe MTC UE 11A
and the eNB 13 is larger than the distance between the
MTC UE 11B and the eNB 13. Accordingly, it is assumed
that the MTC UE 11A has a large pathloss and its radio
quality is degraded. Further, the MTC UE 11C is installed
in a building and, accordingly, it is thus assumed that its
radio quality is more degraded compared to a case in
whichthe MTC UE 11C islocated outdoors. Furthermore,
if the capabilities or functions of the MTC UEs 11 (11A,
11B, and 11C) are limited compared to those of the nor-
mal UE 12 (e.g., a lower maximum transmission power,
a smaller number of reception antennas, no support of
high-order modulations), it is expected that degradation
in radio quality of the MTC UEs 11 will become more
serious. Therefore, the MTC UEs 11 according to this
embodiment are configured to support the aforemen-
tioned Enhanced Coverage Mode (ECM) and to perform
coverage enhancement processing in the ECM.

[0023] As already stated above, the coverage en-
hancement processing in the ECM can be said as
processing for enhancing or improving communication
characteristics (communication quality) of MTC UEs. As
already stated above, the coverage enhancement
processing in the ECM may include at least one of the
following processing (a) to (d) or may include other
processing (e.g., (e) and (f)):
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(a) Repeatedly transmitting broadcast information
on a PBCH a number of extra times as compared to
the normal operation by a predetermined number of
times;

(b) Repeatedly transmitting a PPACH (PRACH pre-
amble) a predetermined number of times;

(c) Repeatedly transmitting a PDSCH over multiple
subframes;

(d) Repeatedly transmitting a PUSCH over multiple
subframes;

(e) Increasing the power spectral density (PSD) of
one or both of a PDSCH and a PUSCH (PSD boost-
ing); and

(f) Performing frequency hopping during repetitive
transmission of one or both of a PDSCH and a
PUSCH.

[0024] The subframe is a unit constituting a LTE radio
frame. One radio frame has a length of ten milliseconds
and is composed of ten subframes. Therefore, one sub-
frame has a length of one millisecond. One subframe
includes 14 symbols in a time domain (single carrier fre-
quency division multiple access (SC-FDMA) symbols in
uplink and orthogonal frequency division multiplexing
(OFDM) symbols in downlink).

[0025] In the following description, communication
control for the ECM according to this embodiment is de-
scribed. The eNB 13 according to this embodiment trans-
mits, in the cell 130, a first notification indicating that spe-
cific coverage enhancement processing for MTC UEs
(M2M terminals) (i.e., the coverage enhancement
processing in the ECM) is supported in the cell 130 of
the eNB 13. The first notification may indicate whether
the ECM is supported, on a per-base-station basis (i.e.,
supported in all the cells of the eNB 13) or on a per-cell
basis. The MTC UE 11 receives the first notification from
the eNB 13. The MTC UE 11 then transmits a second
notification to the eNB 13 after reception of the first no-
tification. The MTC UE 11 may transmit the second no-
tification inresponse to receiving the first notification from
the eNB 13. The MTC UE 11 transmits the second noti-
fication to the eNB 13 when establishing a radio connec-
tion (RRC Connection) with the eNB 13 or while perform-
ing a procedure for establishing a bearer between the
MTC UE 11 and the EPC 14 (i.e., Evolved Packet System
(EPS) bearer). The second notification indicates that the
coverage enhancement processing in the ECM is re-
quired by the MTC UE 11 or is being executed by the
MTC UE 11.

[0026] According to this embodiment, the following ef-
fects can be expected. That is, if the MTC UE 11 cannot
start the ECM until the eNB 13 has determined the ne-
cessity of the ECM for the MTC UE 11 (in particular, the
coverage enhancement processing dedicated for the
specific MTC UE 11), the MTC UE 11 cannot benefit from
the improvement of communication characteristics by the
ECM untilthe determination in the eNB 13 has been com-
pleted. This may cause increase in delay time until the
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MTC UE 11 becomes able to benefit from the enhance-
ment of communication characteristics by the ECM. Ac-
cordingly, in the worst case, the MTC UE 11 fails the first
access to the eNB 13 (e.g., random access on the
PRACH, or procedure for establishing a radio connection
(RRC Connection)).

[0027] In order to deal with these problems, the eNB
13 according to this embodiment transmits the aforemen-
tioned first notification in the cell 130. Accordingly, the
MTC UE 11 according to this embodiment can know that
the ECM is supported in the cell 130 of the eNB 13 and
can transmit the second notification, which indicates the
coverage enhancement processing in the ECM is re-
quired or being executed by the MTC UE 11, to the eNB
13 when establishing a radio connection (RRC Connec-
tion) or while performing an EPS bearer establishment
procedure. In most cases, UEs including the MTC UEs
11 measure the radio quality in an idle state before tran-
sitioning from an idle state (RRC_IDLE) to a connected
state (RRC_CONNECTED) at a periodic or non-periodic
communication opportunity. Accordingly, the MTC UE 11
may receive the first notification from the eNB during the
idle state and determine the necessity of the ECM based
on the radio quality, which is measured during the idle
state, prior to arrival of a communication opportunity. It
is therefore possible to contribute to a reduction in delay
time (delay time until the ECM is started) due to waiting
for determination by the eNB 13 of necessity of the ECM
after arrival of the communication opportunity.

[0028] The terms "idle state" and "connected state"
used in the specification is defined as follows. The "idle
state" is a state in which a radio connection between a
UE and an eNB has beenreleased. Accordingly, the eNB
has no information (UE context) regarding the UE in the
idle state. The location of the UE in the idle state is tracked
by a core network at location-registration-arealevel (e.g.,
tracking area or routing area). The core network can
reach the UE in the idle state by paging. Further, the UE
in the idle state cannot perform unicast data transmission
to or from the eNB. Accordingly, the UE in the idle state
should transition to the connected state in order to per-
form unicast data transmission. Examples of the idle
state include: (1) an RRC idle state in a Universal Ter-
restrial Radio Access Network (UTRAN); (2) an
RRC_IDLE state in an Evolved UTRAN (E-UTRAN); and
(3) an Idle state in WiMAX (IEEE 802.16-2004), mobile
WIiMAX (IEEE 802.16e-2005), and WiMAX2 (IEEE
802.16m).

[0029] Ontheotherhand,the connected state is a state
in which the UE is connected to the eNB. Accordingly,
the eNB has information (UE context) regarding the UE
in the connected state. The location of the UE in the con-
nected state is tracked by the core network at cell level
or base-station level. In most cases, the UE in the con-
nected state can perform unicast data transmission to
and from the eNB. However, when the UE is in a
CELL_PCH state and a URA_PCH state in the UTRAN,
the UE context is held by a base station (NodeB), but no
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dedicated channel is allocated to the UE either in uplink
or in downlink. Examples of the connected state include:
(1) an RRC connected state in the UTRAN; (2) an
RRC_CONNECTED state in the E-UTRAN; and (3) a
connected state in the WiMAX, the mobile WiMAX, and
the WiMAX2. Note that, the RRC connected state in the
UTRAN includes a CELL_DCH state, a CELL_FACH
state, a CELL_PCH state, and a URA_PCH state.
[0030] Next, specific examples of a method of trans-
mitting the first notification from the eNB 13 to the MTC
UE 11 and a method of transmitting the second notifica-
tion to the eNB 13 from the MTC UE 11 are described.
[0031] Itis preferable that the first notification is trans-
mitted on a broadcast channel that can be received by
the MTC UEs 11 having no radio connection (RRC con-
nection) with the eNB 13, i.e., the MTC UEs 11 in the idle
state. In other words, preferably, the first notification is
broadcast information that can be received by the MTC
UEs 11 in the idle state. Specifically, a Broadcast Control
Channel (BCCH), which is one of the logic channels in
the LTE, may be used for transmitting the first notification.
[0032] More specifically, the first notification is prefer-
ably transmitted on a broadcast channel that can be re-
ceived by each MTC UE 11 that is in the idle state
(RCC_IDLE) and further in a detach state (EMM-DE-
REGISTERED). The detach state (EMM-DEREGIS-
TERED) is one of EPS Mobility Management (EMM)
states in the LTE. That is, the detach state (EMM-DE-
REGISTERED) s a state in which the UE is not registered
in a mobility management element (e.g., Mobility Man-
agement Entity (MME)) in the core network (e.g., EPC)
and the mobility management of the UE is not performed.
The location information of the UE in the detach state is
not tracked by the MME, and, accordingly, the UE in the
detach state is unreachable from the core network (EPC)
by paging. The UE in the detach state needs to perform
aninitial cell selection (i.e., initial cell research), establish
a radio connection with the eNB, and perform location
registration inthe core network (EPC), prior to performing
communication. The BCCH can also be received by each
MTC UE 11 thatis in the idle state (RCC_IDLE) and fur-
ther in the detach state (EMM-DEREGISTERED).
[0033] The BCCH is mapped to a transport channel,
i.e., a Broadcast Channel (BCH) or a Downlink Shared
Channel (DL-SCH). Further, the BCH, which the BCCH
has been mapped to, is transmitted by the eNB 13 using
a physical channel, i.e., a Physical Broadcast Channel
(PBCH). The PBCH is transmitted using a predetermined
resource block of the first subframe in each radio frame
and is updated at a period of 40 milliseconds (at a period
of four radio frames). The broadcast information trans-
mitted on the PBCH is a Master Information Block (MIB).
Therefore, the first notification may be contained in the
MIB.

[0034] On the other hand, the DL-SCH, which the
BCCH has been mapped to, is transmitted by the eNB
13 using a physical channel, i.e., a Physical Downlink
Shared Channel (PDSCH). Although the PDSCH is main-
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ly used to transmit user data, transmission of the BCCH
(i.e., broadcast information) is specified as one of the
special uses of the PDSCH. The resource block used for
the BCCH (broadcast information) is indicated by a con-
trol message in a Physical Downlink Control Channel
(PDCCH). The broadcast information transmitted on the
PDSCH is System Information Blocks (SIBs). Therefore,
the first notification may be contained in one of the ex-
isting SIBs (e.g., System Information Block Type 1
(SIB1)). Alternatively, the first notification may be con-
tained in an SIB that is newly defined for the M2M, MTC
UEs, or ECM.

[0035] The first notification may indicate whether the
ECM is supported in the cell 130 of the eNB 13 either
explicitly (e.g., flag bit) or implicitly. The first notification
may indicate whether the ECM is supported, on a per-
base-station basis (i.e., supported in all the cells of the
eNB 13) oronaper-cellbasis. The implicit first notification
may include configuration information for the coverage
enhancement processing in the ECM (ECM radio re-
source configuration or ECM configuration).

[0036] The ECM radio resource configuration or ECM
configuration may include, for example, at least one of
the following information items:

- Configuration information regarding reception of
broadcast information (PBCH);

- Configuration information regarding reception of
system information (System Information Block
(SIB));

- Configuration information regarding reception of
paging (Paging Channel (PCH));

- Configuration information regarding reception of
downlink control information (Physical Downlink
Control Channel (PDCCH));

- Configuration information regarding reception of
downlink data (PDSCH);

- Configuration information regarding transmission of
uplink control information (Physical Uplink Control
Channel (PUCCH));

- Configuration information regarding transmission of
uplink data (PUSCH); and

- Configuration information regarding measurement
reporting of radio quality (Measurement Report).

[0037] The configuration information regarding recep-
tion of the broadcast information (PBCH) and the config-
uration information regarding reception of the system in-
formation (SIB) may be, for example, information indicat-
ing which subframe(s) and/or which OFDM symbol(s) is
used to repeatedly transmit the broadcast information
and (which kind of) system information. The configuration
information regarding reception of paging may be, for
example, information indicating which subframe(s) is
used to repeatedly transmit paging. The configuration
information regarding reception of the downlink control
information (PDCCH) and reception of the downlink data
(PDSCH) may be, for example, information indicating
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how many times they are repeatedly transmitted or may
be information indicating which subframe(s) is used for
repeatedly transmitting them. The configuration informa-
tion regarding transmission of the uplink control informa-
tion (PUCCH) and the transmission of the uplink data
(PUSCH) may be, for example, information indicating
how many times they are repeatedly transmitted or may
be information indicating which subframe(s) is used for
repeatedly transmitting them. The configuration informa-
tion regarding measurement reporting of radio quality
may be an offset value or a threshold applied to the meas-
urement result of the radio quality while the ECM is being
executed or may be an offset value or a threshold applied
to determination on the report of the measurement result
of the radio quality while the ECM is being executed.
[0038] Next, the second notification is described in de-
tail. The second notification may be transmitted using,
for example, a message for requesting establishment of
aradio connection (RRC connection), i.e., an RRC Con-
nection Request message. Since an RRC Connection
Request message is transmitted first in the RRC connec-
tion establishment procedure, it can also be said that the
second notification is transmitted during a procedure for
establishing a radio connection (RRC connection). From
another point of view, the RRC Connection Request mes-
sage is transmitted in a third step of a random access
procedure (Random Access Channel (RACH) proce-
dure). Accordingly, if the RRC Connection Request mes-
sage is used, it can also be said that the second notifi-
cation is transmitted during a random access procedure
(RACH procedure).

[0039] Inanotherexample,the second notification may
be transmitted using a completion message indicating
completion of establishment of the radio connection
(RRC connection), i.e., an RRC Connection Setup Com-
plete message. Since the RRC Connection Setup Com-
plete message is the final message transmitted during
an RRC connection establishment procedure, it can be
said that the second notification is transmitted during a
procedure for establishing a radio connection (RRC con-
nection). Further, the RRC Connection Setup Complete
message contains a NAS message (e.g., NAS: Service
Request, NAS: Attach Request). The RRC Connection
Setup Complete message containing a NAS message is
the first message transmitted during a procedure for es-
tablishing an EPS bearer. Therefore, if the RRC Connec-
tion Setup Complete message is used, it can be said that
the second notification is transmitted during a bearer es-
tablishment procedure.

[0040] By using the RRC Connection Request mes-
sage or the RRC Connection Setup Complete message
for transmitting the second notification, the MTC UE 11
can promptly inform the eNB 13 that the MTC UE 11
requires the ECM or is executing the ECM, during a pro-
cedure for establishing a radio connection. Thus, for ex-
ample, the eNB 13 can include the ECM configuration in
the configuration of the radio connection to be estab-
lished for the MTC UE 11 and can promptly start com-
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munication with the MTC UE 11 using the coverage en-
hancement processing in the ECM. It is needless to say
that, from the viewpoint of establishment of the radio con-
nection (RRC connection), the second notification may
be transmitted using an RRC Connection Reestablish-
ment Complete message, which is similar to the RRC
Connection Setup Complete message.

[0041] Inanotherexample, the second notification may
be transmitted during a random access procedure
(RACH procedure) performed prior to establishment of
the radio connection (RRC connection). Specifically,
PRACH preamble transmission in the first step of the
random access procedure (RACH procedure) may be
used for transmitting the second notification. In this case,
the second notification may implicitly indicate that the
ECM is required or being executed by the MTC UE 11
by the MTC UE 11 using a specific radio resource (e.g.,
time, frequency, code, or preamble sequence) allocated
for the ECM among a plurality of radio resources for the
PRACH.

[0042] Since only a PRACH preamble can be trans-
mitted on the PRACH, it may be difficult to indicate the
details of the ECM required or being executed by the
MTC UE 11 (e.g., which one or more of coverage en-
hancement processes are specifically required). There-
fore, the aforementioned RRC Connection Request mes-
sage or RRC Connection Setup Complete message may
be more suitable for transmission of the second notifica-
tion. However, by using the PRACH preamble for trans-
mitting the second notification, it is possible to notify the
eNB 13 of the information, which indicates whether the
ECM is required or being executed by the MTC UE 11,
much faster compared to using the RRC Connection Re-
quest message or RRC Connection Setup Complete
message.

[0043] In the following description, specific examples
of processing for determining whether the ECM is re-
quired by the MTC UE 11 are described. In response to
detecting that the ECM is supported in the cell 130 of the
eNB 13 based on the first notification from the eNB 13,
the MTC UE 11 may determine whether the ECM (that
is, the coverage enhancement processing in the ECM)
is required in the MTC UE 11.

[0044] Whenthe MTC UE 11 determines thatthe ECM
is required, the MTC UE 11 may start one or more exe-
cutable processes selected from a plurality of coverage
enhancement processes in the ECM. The MTC UE 11
may start, for example, reception of a PBCH that is re-
peatedly transmitted, or repeated transmission of a
PRACH preamble in a random access procedure, or both
of them. Accordingly, the second notification may indi-
cate that the ECM is being executed by the MTC UE 11.
[0045] On the other hand, for example, PD-
SCH/PUSCH repetition requires allocation of radio re-
sources by the eNB 13. Therefore, the MTC UE 11 may
notify the eNB 13 of necessity of the coverage enhance-
ment processing that the eNB 13 is required to deal with
(e.g., PDSCH/PUSCH repetition). Further, the MTC UE
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11 may notify the eNB 13 of necessity of all the coverage
enhancement processes in the ECM including process-
ing that can be independently executed in the MTC UE
11 (e.g., reception of a repeated PBCH, repeated trans-
mission of a PRACH preamble). Accordingly, the second
notification may indicate that the ECM is required by the
MTC UE 11.

[0046] The MTC UE 11 may determine necessity of
the ECM (the coverage enhancement processing in the
ECM) by considering at least one of access cause, ter-
minal capability (UE capability), terminal information (UE
information), communication characteristics (communi-
cation performance), and radio quality of the MTC UE 11.
[0047] Specific examples of the access cause, termi-
nal capability, terminal information, communication char-
acteristics, and radio quality are described below. How-
ever, the contents of the access cause, terminal capa-
bility, terminal information, communication characteris-
tics, and radio quality are not limited to them.

[0048] The access cause may include at least one of
the following two items:

- Purpose of establishing an RRC connection (Estab-
lishment cause); and
- Service type.

[0049] The purpose ofestablishing an RRC connection
may specify, for example, (a) an emergency call (emer-
gency), (b) a high priority access (highPriorityAccess),
(c) an access for mobile terminated communication (mt-
Access), mobile originated signaling (mo-Signalling), (d)
terminal originated data transmission (mo-Data), (e) a
delay tolerant access (delayTolerantAccess), (f) a low
priority access (lowPriorityAccess), (g) an access for
small data communication (smallDataAccess), (h) an ac-
cess for small packet communication (smallPacketAc-
cess), (i) a limited access (limitedAccess), (j) an access
for a limited service (limitedService), (k) an M2M-type
access (m2mAccess), or (I) an access using the ECM
(ecmAccess).

[0050] The service type may specify, for example, (a)
a real-time service, (b) a non real-time service, or (c)
M2M-type communication.

[0051] The terminal capability may include, for exam-
ple, at least one of the following three items:

- Radio access capability;
- Device capability; and
- Terminal category (UE category).

[0052] The radio access capability may include, for ex-
ample, (a) information indicating whether the UE is sup-
porting the terminal function defined in the 3GPP LTE
(e.g., flag bit) or (b) information indicating whether the
UE is supporting the ECM. In order to indicate whether
the UE is supporting the ECM, an information element
(IE) named "EcmSupport" may be defined. For example,
the true value of "EcmSupport" indicates that the ECM
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is supported (Supported) and the false value thereof in-
dicates that the ECM is not supported (NotSupported).
Further, an IE named "EnhancedCoverageMode" may
be defined. For example, when EcmSupport is set to a
value "Supported", it indicates that the UE is supporting
the ECM. On the other hand, if the UE does not support
the ECM, EcmSupport may be set to a value "NotSup-
ported". Alternatively, no sending of this IE may imply
that the UE is not supporting the ECM.

[0053] The device capability may include, forexample,
(a) information indicating that the UE is an MTC UE, (b)
information indicating that communication capability of
the UE is limited (compared to that of a normal UE), or
(c) information indicating that the UE performs only a
specific communication (e.g., M2M-type communica-
tion).

[0054] The terminal category may include, for exam-
ple, (a) information indicating one of terminal categories
defined inthe 3GPP LTE or (b) information indicating one
of access classes defined in the 3GPP LTE. New terminal
category or new access class may be defined for MTC
UEs performing M2M-type communication. Forexample,
a new category (e.g., category 0) for MTC UEs whose
functions are limited in order to implement it at a low cost
may be defined. Further or alternatively, a new access
class (AC) that indicates infrequent communication or
allows only infrequent communication may be defined.
[0055] The terminal information may include at least
one of the following three items:

Terminal type (UE type);
Device type; and
- Terminal context (UE context).

[0056] The terminal type may include, for example, (a)
information indicating whether the UE is a normal UE
(non-MTC UE) or an MTC UE, (b) information indicating
whether the UE has mobility (or information indicating
that the UE has no mobility), or (c) information indicating
whether there is a power supply for the UE.

[0057] The device type may include, for example, (a)
information indicating the type of the operating system
(OS) installed in the UE or (b) information indicating the
type of the M2M-type communication performed by the
UE (i.e., sub-category information of the M2M).

[0058] The terminal context may include, for example,
(a) information on the aforementioned terminal capabil-
ity, (b) RRC control information configured inthe UE (e.g.,
information contained in a RadioResrouceConfigCom-
mon |IE and a RadioResourceConfigDedicated IE), (c)
information regarding the mobility of the UE (mobility in-
formation), (d) information indicating whether the UE is
executing the ECM (ECM execution information), or (e)
information indicating whether the UE has executed the
ECM before (e.g., when the UE was in the
RRC_CONNECTED state last time) (ECM status infor-
mation).

[0059] The communication characteristic may include,
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for example, at least one of the following two items:

- Performance measurement result (e.g., L2 meas-
urement); and
- Statistical communication quality (e.g., KPI).

[0060] The performance measurement result may in-
clude, for example, (a) measurement results of a block
error rate (Block Error Rate), (b) measurement results of
a packet error rate (Packet Error Rate), (c) measurement
results of throughput (e.g., Scheduled IP Throughput),
(d) a measurement results of packet loss (Packet Loss
Rate), or (e) measurement results of packet discard
(Packet Discard Rate).

[0061] The statistical communication quality may in-
clude, for example, (a) the number of handover attempts
or a handover attempt rate, (b) a handover success rate
or a handover failure rate, (c) a communication interval
or a communication frequency, (d) a packet occurrence
interval or a packet occurrence frequency, (e) a packet
arrival interval (packet inter-arrival time) or a packet ar-
rival frequency (packet inter-arrival rate), (f) an access
interval or an access frequency, or (g) an interval or a
frequency of an RRC connection establishment ora NAS
connection establishment.

[0062] The radio quality may include, for example, at
least one of the following two items:

- Received quality of a reference signal (Reference
Signal (RS) received quality); and
- Channel quality indicator (CQl).

[0063] The received quality of a reference signal (RS)
may include, for example, received power (RSRP), (b)
reception quality (RSRQ), or received power intensity
(RSSI) of a downlink RS at the UE.

[0064] Determination by the MTC UE 11 of necessity
of the ECM can be performed at appropriate times. For
example, the MTC UE 11 may determine necessity of
the ECM when the MTC UE 11 is powered on, when the
MTC UE 11 is performing initial cell selection (i.e., initial
cell research) in the idle state (RRC_IDLE), or when the
MTC UE 11 is performing cell reselection in the idle state
(RRC_IDLE). By determining necessity of the ECM in
advance while the MTC UE 11 is in the idle state, it is
possible to contribute to reduction in delay time (delay
time until the ECM is started) due to waiting for determi-
nation by the eNB 13 of necessity of the ECM after arrival
of the communication opportunity.

[0065] Alternatively, the MTC UE 11 may determine
necessity of the ECM prior to an access to the eNB 13
to establish a radio connection, at a periodic or non-pe-
riodic communication opportunity (e.g., periodic commu-
nication permitted period, occurrence of non-periodic up-
link transmission data, or reception of paging). Alterna-
tively, the MTC UE 11 may determine necessity of the
ECM while the MTC UE 11 is accessing the eNB 13 to
establish aradio connection (e.g., during a RACH access
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procedure or an RRC Connection establishment proce-
dure). In one more alternative, the MTC UE 11 may de-
termine necessity of the ECM after establishment of a
radio connection (RRC connection).

[0066] Further, different operations regarding the ECM
(i.e., control of reception or transmission of the MTC UE
11 or eNB 13) may be defined for multiple ECM levels.
In this case, the MTC UE 11 may determine not only
whether the ECM is required (or whether to execute the
ECM) but also which operation level is necessary (or
which operation level should be executed) and send to
the eNB 13 the second notification indicating the deter-
mined level. The eNB 13 may allow for the ECM operation
level reported from the MTC UE 11 based on the second
notification sent from the MTC UE 11. Alternatively, the
eNB 13 may determine a level different from that reported
from the MTC UE 11 and send a notification indicating
the determined level to the MTC UE 11. That is, the eNB
13 may have the authority to make a final decision on
the ECM operation level that the MTC UE 11 should fol-
low.

[0067] Further, when the MTC UE 11 determines to
execute the ECM or the eNB 13 determines to apply the
ECM to the MTC UE 11, the MTC UE 11 may continue
executing the ECM even after transitioning to RRC_IDLE
from RRC_CONNECTED. Further, when the MTC UE
11 determines to execute the ECM or the eNB 13 deter-
mines to apply the ECM to the MTC UE 11, the MTC UE
11 may continue executing the ECM during a delay tol-
erant access.

[0068] Further, after initial determination of whether
the ECM is required (or whether to execute the ECM),
the MTC UE 11 may determine whether to continue ex-
ecuting the ECM based on communication characteris-
tics or radio quality of the MTC UE 11. For example, the
MTC UE 11 may acquire one or both of a block error rate
and a packet error rate as the communication character-
istics of the MTC UE 11 and may suspend (or stop) the
ECM when it determines that one or both of the block
error rate and the packet error rate below a predeter-
mined threshold. Further or alternatively, the MTC UE 11
may acquire one or both of RSRP and RSRQ as the radio
quality and may suspend (or stop) the ECM when it de-
termines that one or both of the RSRP and the RSRQ
exceed a predetermined threshold.

[0069] Fig. 2 is a sequence diagram showing one ex-
ample of operations of the MTC UE 11 and the eNB 13
according to thisembodiment. Fig. 2 shows only the mes-
sages that are necessary for explanation of this embod-
iment and some messages included in the procedure
specified in the LTE standard are not shown.

[0070] In Step S101 of Fig. 2, the eNB 13 broadcasts,
in the cell 130, the first notification indicating that the eNB
13 is supporting the ECM (System Information Block
Type 1x). The first notification may be contained in any
one of SIBs, as shown in Fig. 2. As already stated above,
the first notification may indicate whether the eNB 13 (or
the cell 130 of the eNB 13) is supporting the ECM either
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explicitly (e.g., flag bit) or implicitly. The implicit first no-
tification may include configuration information of radio
resources used in the ECM (ECM radio resource config-
uration).

[0071] In Step S102, the MTC UE 11 determines
whether the ECM is required (or whether to execute the
ECM) (ECM decision). As already stated above, the MTC
UE 11 may perform the determination in Step S102 at a
periodic or non-periodic communication opportunity
(e.g., periodic communication permitted period, occur-
rence of non-periodic uplink transmission data, or recep-
tion of paging). Alternatively,the MTC UE 11 may perform
the determination in Step S102 when the MTC UE 11 is
powered on, when the MTC UE 11 is performing initial
cell selection (i.e., initial cell research) in the idle state
(RRC_IDLE), or when the MTC UE 11 is performing cell
reselection in the idle state (RRC_IDLE).

[0072] As already stated above, the determination in
Step S102 may be performed based on various param-
eters. For example, this determination may be performed
based on whether the ECM is supported in the cell 130
in which the MTC UE 11 is located (or whether the ECM
is supported by the eNB 13 that manages the cell). This
determination may be performed based on whether the
terminal capability (or the device capability) of the MTC
UE 11 supports the ECM. This determination may be
performed based on whether access cause to the eNB
13 is a delay tolerant access. This determination may be
performed based on whether radio quality of the MTC
UE 11 is lower than a predetermined threshold.

[0073] Fig. 2 shows a case in which the MTC UE 11
requires the ECM. Therefore, in Step S103, the MTC UE
11 starts executing the ECM (ECM start). In Steps S104
to S108, the MTC UE 11 accesses the eNB 13 while
performing the ECM operations (coverage enhancement
processing).

[0074] Specifically, in Step S104, the MTC UE 11
transmits a random access preamble (PRACH Pream-
ble). In the example shown in Fig. 2, ECM-specific radio
resources (e.g., time, frequency, code, preamble se-
quence) are allocated or available for transmitting the
PRACH preamble. Accordingly, the MTC UE 11 trans-
mits a PRACH preamble using any one of the ECM-spe-
cific radio resources.

[0075] In Step S105, the eNB 13 transmits a random
access response in response to detection of the PRACH
preamble (Random Access Response). When the
PRACH preamble is received on any one of the ECM-
specific radio resources, the eNB 13 recognizes that the
UE that has transmitted the preamble is executing the
ECM. Accordingly, the radio resources used to transmit
the random access response or the transmission mode
ofthe random access response (e.g., repeated transmis-
sion of a PDCCH or PDSCH) may be an ECM-specific
one. However, the eNB 13 cannot identify the UE that
has transmitted the preamble at the time of detection of
the PRACH preamble. This is because the PRACH pre-
amble does not include any identifier of the UE that has
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transmitted the preamble.

[0076] InStep S 106, the MTC UE 11 transmits a mes-
sage for requesting establishment of a radio connection
(RRC connection) in response to receiving the random
access response (RRC Connection Request). In Step
S106, the MTC UE 11 may inform the eNB 13 that the
access is a delay tolerant access. Further, the MTC UE
11 may use any one of ECM-specific radio resources or
any one of ECM-specific transmission modes (e.g., re-
peated transmission of a PUSCH) to transmit the RRC
Connection Request message.

[0077] In Step S107, the eNB 13 transmits configura-
tion information necessary to establish the radio connec-
tion (RRC connection) in response to receiving the RRC
Connection Request from the MTC UE 11 (RRC Con-
nection Setup). In Step S108, the MTC UE 11 transmits
a completion message indicating completion of the es-
tablishment of the radio connection (RRC connection)
(RRC Connection Setup Complete). In Steps S107 and
S108, any one of ECM-specific radio resources or any
one of ECM-specific transmission modes may be used.
[0078] In Step S109, the eNB 13 transmits radio re-
source configuration information (Radio Resource Con-
figuration) to the MTC UE 11. The transmission in Step
S108is performed in a procedure for establishingan EPS
bearer based on a NAS message (e.g., NAS: Service
Request, NAS: Attach Request) from the MTC UE 11
(not shown). The radio resource configuration informa-
tion in Step S108 may contain ECM configuration infor-
mation (ECM configuration) necessary to execute the
ECM. The ECM configuration information (ECM config-
uration) includes, for example, configuration information
regarding coverage enhancement processing (e.g., PD-
SCH/PUSCH repetition) applied to transmission of user
data or control data (e.g., Hybrid Automatic Repeat Re-
quest (HARQ) ACK/NACK, and Channel State Informa-
tion (CSl)) after establishment of the EPS bearer.
[0079] In Step S110, the MTC UE 11 performs data
communication using the coverage enhancement
processing in the ECM in accordance with the radio re-
source configuration information and the ECM configu-
ration information (M2M data with ECM).

[0080] Fig. 3 is a sequence diagram showing another
example of the operations of the MTC UE 11 and the
eNB 13 according to this embodiment. Fig. 3 shows only
the messages that are necessary for explanation of this
embodiment and some messages included in the proce-
dure specified in the LTE standard are not shown.
[0081] The processes in Steps S201 to S203 in Fig. 3
are similar to those in Steps S101 to S103 in Fig. 2. In
Step S204, the MTC UE 11 transmits a random access
preamble (PRACH Preamble). In the example shown in
Fig. 3,the MTC UE 11 cannot use the ECM-specific radio
resources to transmitthe PRACH preamble. Accordingly,
the MTC UE 11 transmits the PRACH preamble using
any one of resources commonly used by the normal UE
12. In Step S205, the eNB 13 transmits a random access
response in response to detection of the PRACH pream-
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ble (Random Access Response).

[0082] In Step S206, the MTC UE 11 transmits a mes-
sage for requesting establishing aradio connection (RRC
connection) in response to receiving the random access
response (RRC Connection Request). In Step S206, the
MTC UE 11 may inform the eNB 13 that the access is a
delaytolerantaccess. Further,the MTC UE 11 may trans-
mit the second notification (ECM activated) indicating
that the ECM is being executed using the RRC Connec-
tion Request message in Step S206. In order to transmit
the second notification, an information element (IE)
named, for example, "ECM status" (or ECM process,
ECM flag) may be defined. For example, when the ECM
status is set to a true value or a value "Activated” it indi-
cates that the MTC UE 11 is executing the ECM. On the
other hand, when the ECM status is set to a false value
or a value "Not-activated”, it may indicate that the ECM
is not being executed. Further, the second notification
may be one-bitflag, which indicates thatthe ECM is being
executed when the value of the flag is 1 and indicates
that the ECM is not being executed when the value of
the flag is 0.

[0083] During Steps S201 to S206, the MTC UE 11
may receive predetermined downlink messages (e.g.,
paging, broadcast information (PBCH or SIB)) using any
one of the ECM-specific processing.

[0084] In Step S207, the eNB 13 transmits configura-
tion information necessary to establish the radio connec-
tion (RRC connection) in response to receiving the RRC
Connection Request from the MTC UE 11 (RRC Con-
nection Setup). In Step S208, the MTC UE 11 transmits
a completion message indicating completion of the es-
tablishment of the radio connection (RRC connection)
(RRC Connection Setup Complete). The second notifi-
cation (ECM activated) may be transmitted using the
RRC Connection Setup Complete message in Step S208
in place of the RRC Connection Request message in
Step S206.

[0085] TheprocessesinSteps S209and S210 are sim-
ilar to those in Steps S109 and S110 in Fig. 2.

Second Embodiment

[0086] A configuration example of a radio communica-
tion system according to this embodiment may be the
same as that of Fig. 1 described in the first embodiment.
In this embodiment, a modified example of the specific
sequences described in the first embodiment is de-
scribed. In the specific examples shown in Figs. 2 and
3, the MTC UE 11 determines the execution of the ECM
and the eNB 13 complies with the determination by the
MTC UE 11. However, in some cases, the determination
bythe MTC UE 11 may beincorrect. An eNB 23 according
to this embodiment does not completely comply with the
determination by an MTC UE 21 and additionally deter-
mines whether the ECM requested by the MTC UE 21 is
truly necessary.

[0087] Fig. 4 is a sequence diagram showing one ex-
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ample of operations of the MTC UE 21 and the eNB 23
according to this embodiment. Fig. 4 shows only the mes-
sages that are necessary for explanation of this embod-
iment and some messages included in the procedure
specified in the LTE standard are not shown.

[0088] The process in Step S301 of Fig. 4 is similar to
that in Step S101 in Fig. 2. In Step S302, the MTC UE
21 determines whether the ECM is required (ECM deci-
sion). Fig. 4 shows a case in which the MTC UE 21 re-
quires the ECM. Accordingly, in Step S303, the MTC UE
21 transmits a message for requesting establishment of
a radio connection (RRC connection) (RRC Connection
Request). In Fig. 4, the first and second steps of the ran-
dom access procedure (i.e., transmission of a PRACH
preamble and reply of a Random Access Response) are
not shown.

[0089] In Step S303, the MTC UE 21 may inform the
eNB 23 that the access is a delay tolerant access. Fur-
ther, the MTC UE 21 may transmit the second notification
(ECM Request) indicating that the MTC UE 21 requires
the ECM using the RRC Connection Request message
in Step S303. This second notification (ECM Request)
requests the eNB 23 to execute the ECM for the MTC
UE 21 (the coverage enhancement processing in the
ECM).

[0090] In Step S304, the eNB 23 transmits configura-
tion information necessary to establish a radio connec-
tion (RRC connection) in response to receiving the RRC
Connection Request from the MTC UE 21 (RRC Con-
nection Setup). In Step S305, the MTC UE 21 transmits
a completion message indicating completion of the es-
tablishment of the radio connection (RRC connection)
(RRC Connection Setup Complete). The second notifi-
cation (ECM Request) may be transmitted using the RRC
Connection Setup Complete message in Step S305 in
place of the RRC Connection Request message in Step
S303.

[0091] In Step S306, the eNB 23 determines whether
the ECM is necessary for the MTC UE 21 (or whether to
execute the ECM for the MTC UE 21) (ECM decision).
In the determination in Step S306, the eNB 23 may use
parameters similar to those used in the determination of
necessity of the ECM by the MTC UE 11 described in
the first embodiment.

[0092] Fig. 4 shows a case in which the eNB 23 deter-
mines that the ECM is necessary (or the ECM should be
executed) forthe MTC UE 21. Accordingly, in Step S307,
the eNB 23 transmits radio resource configuration infor-
mation (Radio Resource Configuration) to the MTC UE
21 (RRC Connection Reconfiguration). The transmission
in Step S307 may be performed in a procedure for es-
tablishing an EPS bearerbased on a NAS message (e.g.,
NAS: Service Request, NAS: Attach Request) from the
MTC UE 21 (not shown). The radio resource configura-
tion information in Step S307 may contain ECM config-
uration information (ECM configuration) necessary to ex-
ecute the ECM. Further, the radio resource configuration
information in Step S307 may contain information for ex-
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plicitly instructing the MTC UE 21 to execute the ECM.

[0093] In Step S308, the MTC UE 21 starts executing
the ECM in response to the explicit or implicit instruction
fromthe eNB 23 in Step S307 (ECM start). In Step S309,
the MTC UE 21 performs data communication using the
coverage enhancement processing in the ECM in ac-
cordance with the radio resource configuration informa-
tion and the ECM configuration information (M2M data
with ECM).

Third embodiment

[0094] A configuration example of a radio communica-
tion system according to this embodiment may be the
same as that of Fig. 1 described in the first embodiment.
In this embodiment, a modified example of the specific
sequences described in the first and second embodi-
ments (Figs. 2, 3, and 4) is described.

[0095] It can be said that the procedure described in
this embodiment is a combination of the procedures
shown in Fig. 2 (or Fig. 3) and Fig. 4. That is, in this
embodiment, an MTC UE 31 itself determines necessity
of the ECM, starts executing the ECM based on this de-
termination, and informs an eNB 33 that the MTC UE 31
requires the ECM (or is executing the ECM) (second no-
tification). The eNB 33 determines whether the ECM is
necessary for the MTC UE 31 in response to receiving
the second notification from the MTC UE 31. When the
eNB 33 determines that the ECM is necessary, the eNB
33 transmits ECM configuration information to the MTC
UE 31 and when the eNB 33 determines that the ECM
is not necessary, the eNB 33 sends an instruction to sus-
pend (or stop) the ECM to the MTC UE 31. According to
this procedure for controlling the ECM, the MTC UE 31
can promptly start the ECM based on the determination
by the MTC UE 31 itself. Further, the eNB 33 can check
the validity of the determination by the MTC UE 31 of
necessity of the ECM and can reject an inappropriate
determination, i.e., the eNB 33 can stop the ECM.
[0096] Fig. 5 is a sequence diagram showing one ex-
ample of operations of the MTC UE 31 and the eNB 33
according to this embodiment. Fig. 5 shows only the mes-
sages that are necessary for explanation of this embod-
iment and some messages included in the procedure
specified in the LTE standard are not shown.

[0097] The processes in Steps S401 to S403 in Fig. 5
are similar to those in Steps S101 to S103 shown in Fig.
2. In Step S404, the MTC UE 31 transmits a completion
message indicating completion of establishment of a ra-
dio connection (RRC connection) (RRC Connection Set-
up Complete). In Fig. 5, the first to fourth steps of the
random access procedure (i.e., steps from PRACH pre-
amble transmission by the MTC UE 31 to RRC Connec-
tion Setup message transmission by the eNB 33) are not
shown.

[0098] The MTC UE 31 may transmit the second noti-
fication (ECM Request) indicating that the MTC UE 31
requires the ECM using the RRC Connection Setup Com-
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plete message in Step S404. This second notification
(ECM Request) requests the eNB 33 to execute the ECM
(the coverage enhancement processing in the ECM) for
the MTC UE 31. The second notification (ECM Request)
may be transmitted using an RRC Connection Request
message (not shown) in place of the RRC Connection
Setup Complete message in Step S404.

[0099] In Step S405, the eNB 33 determines whether
the ECM is necessary for the MTC UE 31 (or whether to
execute the ECM for the MTC UE 31) (ECM decision).
In the determination in Step S405, the eNB 33 may use
parameters similar to those used in the determination of
necessity of the ECM by the MTC UE 11 described in
the first embodiment.

[0100] Steps S406 and S407 show a case in which the
eNB 33 determines that the ECM is necessary (or the
ECM is executed) for the MTC UE 31 (case 1 shown in
Fig.5).In Step S406, the eNB 33 transmits radio resource
configuration information (Radio Resource Configura-
tion) to the MTC UE 31 (RRC Connection Reconfigura-
tion). The radio resource configuration information in
Step S406 may contain ECM configuration information
(ECM configuration) necessary to execute the ECM. Fur-
ther, the radio resource configuration information in Step
S406 may contain information for explicitly instructing the
MTC UE 31 to execute the ECM. In Step S407, the MTC
UE 31 performs data communication using the coverage
enhancement processing in the ECM in accordance with
the radio resource configuration information and the ECM
configuration information (M2M data with ECM).

[0101] On the other hand, Steps S408 to S410 show
a case the eNB 33 determines that the ECM is not nec-
essary for the MTC UE 31 (or the ECM should be sus-
pended or stopped) (case 2 shown in Fig. 5). In Step
S408, the eNB 33 transmits resource configuration infor-
mation (Radio Resource Configuration) to the MTC UE
31 (RRC Connection Reconfiguration). The radio re-
source configuration information in Step S408 contains
an instruction to suspend (or stop) execution of the ECM
(ECM deactivated). In Step S409, the MTC UE 31 sus-
pends (or stops) execution of the ECM (ECM stop). In
Step S410, the MTC UE 31 performs data communica-
tion withoutusing the coverage enhancement processing
in the ECM (M2M data without ECM).

Fourth Embodiment

[0102] A configuration example of a radio communica-
tion system according to this embodiment may be to the
same as that of Fig. 1 described in the first embodiment.
In this embodiment, a modified example of the specific
sequences described in the third embodiment (Fig. 5) is
described.

[0103] In this embodiment, similar to the MTC UE 31
according to the third embodiment, an MTC UE 41 itself
determines necessity of the ECM, starts executing the
ECM based on this determination, and informs the eNB
43 thatthe MTC UE 41 requires the ECM (or is executing
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the ECM) (second notification). After that, the MTC UE
41 suspends (or stops) execution of the ECM to wait for
a determination by the eNB 43. With regard to this point,
this embodiment is different from the third embodiment.
For example, the MTC UE 41 may starts the coverage
enhancement processing in the ECM (e.g., reception of
a repeated PBCH, repeated transmission of a PRACH
preamble, and repetition of a PDSCH/PUSCH) when ac-
cessing to the eNB 43 and continue the processing until
the radio connection (RRC connection) has been estab-
lished, and then suspend the execution of the ECM. In
other words, the MTC UE 41 may execute the ECM dur-
ing at least the random access procedure (RACH proce-
dure) and the RRC connection establishment procedure
and then suspend execution of the ECM.

[0104] Similar to the eNB 33 according to the third em-
bodiment, the eNB 43 according to this embodiment de-
termines whether the ECM is necessary for the MTC UE
41 in response to receiving the second notification from
the MTC UE 41. Upon determining that the ECM is nec-
essary, the eNB 43 transmits ECM configuration infor-
mation to the MTC UE 41 and upon determining that the
ECM is not necessary, transmits an instruction to sus-
pend (or stop) the ECM to the MTC UE 41. The MTC UE
41 re-starts the ECM that has been suspended (stopped)
in response to receiving the ECM configuration informa-
tion from the eNB 43.

[0105] According to the procedure for controlling the
ECM as stated above, similar to the third embodiment,
the MTC UE 41 can promptly start the ECM based on
the determination by the MTC UE 41 itself. In particular,
by temporarily executing the ECM until at least the radio
connection (RRC connection) has been established, itis
possible to avoid failure of the first access by the MTC
UE 41 to the eNB 43 (e.g., random access using a
PRACH or RRC Connection establishment). On the other
hand, the eNB 43 can check the validity of the determi-
nation by the MTC UE 31 of necessity of the ECM and
selectively start the ECM only when it is appropriate.
[0106] Fig. 6 is a sequence diagram showing one ex-
ample of operations of the MTC UE 41 and the eNB 43
according to this embodiment. Fig. 6 shows only the mes-
sages that are necessary for explanation of this embod-
iment and some messages included in the procedure
specified in the LTE standard are not shown.

[0107] The processes in Steps S501 to S504 in Fig. 6
are similar to those in Steps S401 to S404 in Fig. 5. In
Step S505, the MTC UE 41 suspends or stops execution
of the ECM (i.e., the coverage enhancement processing
in the ECM) after Step S504, that is, after establishment
of the RRC connection (ECM Stop).

[0108] The process in Step S506 is similar to that in
Step S405 of Fig. 5. That is, the eNB 43 determines
whether the ECM is necessary for the MTC UE 41 (or
whether to execute the ECM for the MTC UE 41) (ECM
decision).

[0109] Steps S507 to S509 show a case in which the
eNB 43 determines that the ECM is necessary (or the
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ECM is executed) for the MTC UE 41 (case 1 shown in
Fig. 6). The process in Step S507 is similar to that in Step
S406 in Fig. 5. That is, the eNB 43 transmits radio re-
source configuration information (Radio Resource Con-
figuration) to the MTC UE 41 (RRC Connection Recon-
figuration). In Step S508, the MTC UE 41 starts or re-
starts execution of the ECM in response to the instruction
from the eNB 43 (ECM start). Then in Step S509, the
MTC UE 41 performs data communication using the cov-
erage enhancement processing in the ECM in accord-
ance with the radio resource configuration information
and the ECM configuration information (M2M data with
ECM).

[0110] Onthe other hand, Steps S510 and S511 show
a case the eNB 43 determines that the ECM is not nec-
essary for the MTC UE 41 (case 2 shown in Fig. 6). In
Step S510, the eNB 43 transmits radio resource config-
uration information (Radio Resource Configuration) to
the MTC UE 41 (RRC Connection Reconfiguration). The
radio resource configuration information in Step S510
may explicitly indicate that the ECM is not executed. In
Step S511, the MTC UE 41 performs data communica-
tion withoutusing the coverage enhancement processing
in the ECM (M2M data without ECM).

[0111] Lastly, configuration examples of the MTC UEs
and the eNBs according to the above embodiments are
described below. Each of the MTC UEs 11, 21, 31, and
41 described in the first to fourth embodiments may in-
clude a transceiver to communicate with an eNB and a
controller thatis coupled to the transceiver. The controller
executes the communication control regarding the ECM
performed by the MTC UE 11, 21, 31, or 41 described in
the first to fourth embodiments.

[0112] Each ofthe eNBs 13, 23, 33, and 43 described
in the first to fourth embodiments may include a trans-
ceiver to communicate with UEs including MTC UEs and
a controller that is coupled to the transceiver. The con-
troller executes the communication control regarding the
ECM performed by the eNB 13, 23, 33, or 43 described
in the first to fourth embodiments.

[0113] Figs. 7 and 8 are block diagrams showing con-
figuration examples of the MTC UE 11 and the eNB 13
according to the first embodiment, respectively. With ref-
erence to Fig. 7, the MTC UE 11 includes a transceiver
111 and a controller 112. The transceiver 111 is config-
ured to communicate with the eNB 13. The controller 112
is configured to control execution of the coverage en-
hancement processing regarding the ECM in the MTC
UE 11 in accordance with instructions from the eNB 13.
Specifically, the controller 112 is configured to receive
the first notification from the eNB 13 via the transceiver
111. Further, the controller 112 is configured to transmit
the second natification to the eNB 13 via the transceiver
111 when establishing a radio connection (RRC connec-
tion) with the eNB 13 after reception of the first notification
or while performing a procedure for establishing an EPS
bearer after reception of the first notification.

[0114] With reference to Fig. 8, the eNB 13 includes a
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transceiver 131 and a controller 132. The transceiver 131
is configured to communicate with UEs including the
MTC UEs 11 and the normal UE 12. The controller 132
is configured to control communication between the MTC
UEs 11 and the eNB 13 using the coverage enhancement
processing regarding the ECM. Specifically, the control-
ler 132 is configured to transmit the first notification indi-
cating that the specific coverage enhancement process-
ing for the MTC UEs 11 (that is, the coverage enhance-
ment processing in the ECM) is supported in the cell 130
of the eNB 13 via the transceiver 131.

[0115] The controllers included in the MTC UEs and
the eNBs according to the above embodiments may be
implemented by causing a computer including at least
one processor (e.g., microprocessor, Micro Processing
Unit (MPU), Central Processing Unit (CPU)) to execute
aprogram. Specifically, one or more programs containing
set of instructions that causes a computer to perform al-
gorithms regarding the MTC UE or the eNB described
using the sequence diagrams and the like may be sup-
plied to the computer.

[0116] These programs can be stored and provided to
a computer using any type of non-transitory computer
readable media. Non-transitory computer readable me-
diainclude any type of tangible storage media. Examples
of non-transitory computer readable media include mag-
netic storage media (such as flexible disks, magnetic
tapes, hard disk drives, etc.), optical magnetic storage
media (e.g., magneto-optical disks), Compact Disc Read
Only Memory (CD-ROM), CD-R, CD-R/W, and semicon-
ductor memories (such as mask ROM, Programmable
ROM (PROM), Erasable PROM (EPROM), flash ROM,
Random Access Memory (RAM), etc.). These programs
may be provided to a computer using any type of transi-
tory computer readable media. Examples of transitory
computer readable media include electric signals, optical
signals, and electromagnetic waves. Transitory compu-
ter readable media can provide the program to a com-
puter via a wired communication line (e.g., electric wires,
and optical fibers) or a wireless communication line.

Other Embodiments

[0117] The explanations of the aforementioned em-
bodiments have been provided with regard to the situa-
tion in which MTC UEs are configured with the special
operation mode, i.e., the Enhanced Coverage Mode
(ECM) and perform the coverage enhancement process-
ing (e.g., RACH repetition and PDSCH/PUSCH repeti-
tion) regarding the ECM. However, the MTC UEs is only
required to execute the special coverage enhancement
processing (e.g., RACH repetition and PDSCH/PUSCH
repetition) and do not have to be configured with the spe-
cial operation mode (i.e., ECM). In other words, the MTC
UEs 11, 21, 31, and 41 may execute the special coverage
enhancement processing (e.g., RACH repetition and PD-
SCH/PUSCH repetition) in accordance with the radio re-
source configuration without setting the special operation
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mode such as the ECM orwithout receiving an instruction
regarding the special operation mode.

[0118] The explanations of the above embodiments
have been provided with regard to the ECM, however
the technical ideas described in these embodiments may
be applied to a case in which a radio network (e.g., eNB)
causes M2M terminals (MTC UEs) to execute special
processing other than the ECM.

[0119] Further, the terms "normal terminals (UE)" and
"M2M terminals (MTC UEs)" used in the above explana-
tion are also referred to as "user terminals" and "non-
user terminals", respectively.

[0120] Further, in the above embodiments, the LTE
system has been mainly described. However, these em-
bodiments may be applied to radio communication sys-
tems other than the LTE system (e.g., 3GPP UMTS,
3GPP2 CDMA2000 system (1xRTT, HRPD),
GSM/GPRS system, or WiMAX system).

[0121] When the aforementioned embodiments are
applied to 3GPP UMTS, the operations of the eNB (eNB
13, 23, 33, or 43) according to the embodiments may be
performed by a NodeB, an RNC or the combination there-
of. In other words, the term "base station" used in the
specification and claims means one or more entities in-
stalled in a radio access network, for example, any one
or combination of a NodeB and an RNC in the UMTS.
[0122] Further, the above embodiments are merely ex-
amples of applications of the technical ideas obtained by
the present inventor. Needless to say, these technical
ideas are not limited to the above embodiments and the
above embodiments may be modified in various ways.
[0123] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2014-015866, filed on January 30, 2014, the disclosure
of whichis incorporated hereininits entirety by reference.

Reference Signs List

[0124]

11,21,31,41 M2M TERMINAL (MTC UE)

13, 23, 33,43 BASE STATION (eNB)

14 CORE NETWORK (EPC)

130 CELL

111 TRANSCEIVER

112 CONTROLLER

131 TRANSCEIVER

132 CONTROLLER

[0125] The present application also includes the fol-

lowing numbered clauses:

1. AMachine-to-machine (M2M) terminal performing
an M2M communication, comprising:

radio communication means for communicating
with a base station; and
control means, wherein
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the control means receives a first notification
from the base station, and the control means
transmits a second notification to the base sta-
tion when establishing a radio connection with
the base station after reception of the first noti-
fication or while performing a procedure for es-
tablishing a bearer between the M2M terminal
and a core network after reception of the first
notification,

the first notification indicates whether specific
coverage enhancement processing is support-
ed in a cell of the base station in which the M2M
terminal is located, and

the second notification indicates that the specific
coverage enhancement processing is required
or being executed by the M2M terminal.

2. The M2M terminal according to Clause 1, wherein
the first notification is received on a broadcast chan-
nel that can be received by terminals not having a
radio connection with the base station and not being
reachable by paging since locations of the terminals
are not registered in the core network.

3. The M2M terminal according to Clause 2, wherein
the broadcast channel comprises a Broadcast Con-
trol Channel (BCCH) in Long Term Evolution (LTE).

4. The M2M terminal according to Clause 3, wherein
the first notification is contained in a Master Informa-
tion Block (MIB) or a System Information Block.

5. The M2M terminal according to any one of Clauses
1 to 4, wherein the first notification comprises con-
figuration information for the specific coverage en-
hancement processing and implies that the specific
coverage enhancement processing is supported by
the base station.

6. The M2M terminal according to any one of Clauses
1 to 5, wherein the second notification is transmitted
using a request message for requesting establish-
ment of the radio connection or a completion mes-
sage indicating completion of establishment of the
radio connection.

7. The M2M terminal according to Clause 6, wherein

the request message comprises a Radio Re-
source Control (RRC) Connection Request
message in Long Term Evolution (LTE), and

the completion message comprises an RRC
Connection Setup Complete message in LTE.

8. The M2M terminal according to any one of Clauses
1 to 5, wherein the second notification is transmitted
during a random access procedure performed prior
to establishment of the radio connection.
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9. The M2M terminal according to Clause 8, wherein
the second notification is transmitted using a specific
radio resource allocated for the specific coverage
enhancement processing to imply that the specific
coverage enhancement processing is required or
being executed by the M2M terminal.

10. The M2M terminal according to any one of Claus-
es 1 to 5, wherein the second notification is trans-
mitted using a Radio Resource Control (RRC) mes-
sage together with a Non-access stratum (NAS)
message for requesting establishment of the bearer.

11. The M2M terminal according to any one of Claus-
es 1 to 10, wherein the control means decides to
execute the specific coverage enhancement
processing in the M2M terminal and controls com-
munication using the specific coverage enhance-
ment processing between the M2M terminal and the
base station.

12. The M2M terminal according to Clause 11,
wherein the control means continues executing the
specific coverage enhancement processing until
having received from the base station an instruction
that explicitly or implicitly indicates stop of the spe-
cific coverage enhancement processing.

13. The M2M terminal according to Clause 11,
wherein the control means continues executing the
specific coverage enhancement processing until
completion of data communication with the M2M ter-
minal.

14. The M2M terminal according to Clause 11,
wherein the control means continues executing the
specific coverage enhancement processing during
a delay tolerant access.

15. The M2M terminal according to Clause 11,
wherein the control means continues executing the
specific coverage enhancement processing until
completion of establishment of the radio connection.

16. The M2M terminal according to Clause 11,
wherein the control means continues executing the
specific coverage enhancement processing until
completion of establishment of the bearer.

17. The M2M terminal according to any one of Claus-
es 1to 10, wherein, if the control means is instructed
by the base station to execute the specific coverage
enhancement processing, the control means contin-
ues executing the specific coverage enhancement
processing even after releasing the radio connection
with the base station.

18. The M2M terminal according to any one of Claus-
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es 1to 10, wherein, if the control means is instructed
by the base station to execute the specific coverage
enhancement processing, the control means contin-
ues executing the specific coverage enhancement
processing even while repeating establishment and
release of the radio connection with the base station.

19. The M2M terminal according to any one of Claus-
es 1to 10, wherein, if the control means is instructed
by the base station to execute the specific coverage
enhancement processing, the control means contin-
ues executing the specific coverage enhancement
processing during a delay tolerant access.

20. A base station comprising:

radio communication means for communicating
with a Machine-to-machine (M2M) terminal; and
control means for transmitting, via the radio
communication means, a first notification indi-
cating that specific coverage enhancement
processing for the M2M terminal is supported in
a cell of the base station in which the M2M ter-
minal is located.

21.The base station according to Clause 20, wherein

the control means receives a second notification
from the M2M terminal when establishing a radio
connection with the M2M terminal or while per-
forming a procedure for establishing a bearer
between the M2M terminal and a core network,
and

the second notification indicates that the specific
coverage enhancement processing is required
or being executed by the M2M terminal.

22. The base station according to Clause 20 or 21,
wherein the first notification is transmitted on a
broadcast channel that can be received by terminals
not having a radio connection with the base station
and not being reachable by paging since locations
of the terminals are not registered in the core net-
work.

23.The base station according to Clause 22, wherein
the broadcast channel comprises a Broadcast Con-
trol Channel (BCCH) in Long Term Evolution (LTE).

24. The base station according to Clause 23, wherein
the first notification is contained in a Master Informa-
tion Block (MIB) or a System Information Block.

25. The base station according to any one of Clauses
20to 24, wherein the first notification comprises con-
figuration information for the specific coverage en-
hancement processing and implies that the specific
coverage enhancement processing is supported by
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the base station.

26. The base station according to Clause 21, wherein
the second notification is received using a request
message for requesting establishment of the radio
connection or a completion message indicating com-
pletion of establishment of the radio connection.

27.The base station according to Clause 26, wherein

the request message comprises a Radio Re-
source Control (RRC) Connection Request
message in Long Term Evolution (LTE), and

the completion message comprises an RRC
Connection Setup Complete message in LTE.

28. The base station according to Clause 21, wherein
the second notification is received during a random
access procedure performed prior to establishment
of the radio connection.

29. The base station according to Clause 28, wherein
the second notification is transmitted using a specific
radio resource allocated for the specific coverage
enhancement processing to imply that the specific
coverage enhancement processing is required or
being executed by the M2M terminal.

30. The base station according to Clause 21, wherein
the second notification is received using a Radio Re-
source Control (RRC) message together with a Non-
access stratum (NAS) message for requesting es-
tablishment of the bearer.

31. The base station according to any one of Clauses
21 and 26 to 30, wherein the control means decides
to execute the specific coverage enhancement
processing for the M2M terminal in response to re-
ceiving the second notification and controls commu-
nication using the specific coverage enhancement
processing between the M2M terminal and the base
station.

32. A method performed by a Machine-to-machine
(M2M) terminal performing an M2M communication,
the method comprising:

receiving a first notification from a base station;
and

transmitting a second notification to the base
station when establishing a radio connection
with the base station after reception of the first
notification or while performing a procedure for
establishing a bearer between the M2M terminal
and a core network after reception of the first
notification, wherein

the first notification indicates whether specific
coverage enhancement processing is support-
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ed in a cell of the base station in which the M2M
terminal is located, and

the second notification indicates that the specific
coverage enhancement processing is required
or being executed by the M2M terminal.

33. A method performed by a base station, the meth-
od comprising:

transmitting a first notification in a cell of the base
station in which a Machine-to-machine (M2M) termi-
nalislocated, the firstinformation indicating that spe-
cific coverage enhancement processing for the M2M
terminal is supported in the cell.

34. A non-transitory computer readable medium
storing a program for causing a computer to perform
a method regarding a Machine-to-machine (M2M)
terminal that performing an M2M communication,
wherein the method comprises:

receiving a first notification from a base station;
and

transmitting a second notification to the base
station when establishing a radio connection
with the base station after reception of the first
notification or while performing a procedure for
establishing a bearer between the M2M terminal
and a core network after reception of the first
notification, wherein

the first notification indicates whether specific
coverage enhancement processing is support-
ed in a cell of the base station in which the M2M
terminal is located, and

the second notification indicates that the specific
coverage enhancement processing is required
or being executed by the M2M terminal.

35. A non-transitory computer readable medium
storing a program for causing a computer to perform
a method regarding a base station, the method com-
prising:

transmitting a first notification in a cell of the base
station in

which a Machine-to-machine (M2M) terminal is lo-
cated, the first information indicating that specific
coverage enhancement processing

for the M2M terminal is supported in the cell.

Claims

A method ofa User Equipment, LTE, (11) the method
comprising:

receiving, from a base station (13), a System
Information Block Type 1, SIB1, message,

wherein the SIB1 message includes information
indicating that a Coverage Enhancement, CE,
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is included in features of a cell (130) of the base
station (13); and

sending, to the base station (13), a random ac-
cess preamble,

wherein the random access preamble implicitly
indicates that the CE is required for a third step
of random access procedure.

The method according to claim 1,

wherein the third step of random access procedure
is Physical Uplink Shared Channel, PUSCH, trans-
mission for Radio Resource Control, RRC, Connec-
tion Setup Request.

A User Equipment, LTE, (11) comprising:

means for receiving, from a base station (13), a
System Information Block Type 1, SIB1, mes-
sage,

wherein the SIB1 message includes information
indicating that a Coverage Enhancement, CE,
is included in features of a cell (130) of the base
station (13); and

means for sending, to the base station (13), a
random access preamble,

wherein the random access preamble implicitly
indicates that the CE is required for a third step
of random access procedure.

The UE (11) according to claim 3,

wherein the third step of random access procedure
is Physical Uplink Shared Channel, PUSCH, trans-
mission for Radio Resource Control, RRC, Connec-
tion Setup Request.

A method of a base station (13), the method com-
prising:

Sending, to a User Equipment, UE, (11) a Sys-
tem Information Block Type 1, SIB1, message,
wherein the SIB1 message includes information
indicating that a Coverage Enhancement, CE,
is included in features of a cell (130) of the base
station (13); and

receiving, from the UE (11), a random access
preamble,

wherein the random access preamble implicitly
indicates that the CE is required for a third step
of random access procedure.

The method according to claim 5,

Wherein the third step of random access procedure
is Physical Uplink Shared Channel, PUSCH, trans-
mission for Radio Resource Control, RRC, Connec-
tion Setup Request.

A base station (13) comprising:
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means for sending, to a User Equipment, LTE,
(11) a System Information Block Type 1, SIB1,
message,

wherein the SIB1 message includes information
indicating that a Coverage Enhancement, CE,
is included in features of a cell (130) of the base
station (13); and

means for receiving, from the UE (11), arandom
access preamble,

wherein the random access preamble implicitly
indicates that the CE is required for a third step
of random access procedure.

The base station (13) according to claim 7,
Wherein the third step of random access procedure
is Physical Uplink Shared Channel, PUSCH, trans-
mission for Radio Resource Control, RRC, Connec-
tion Setup Request.
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