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SPECIFICATION
TITLE OF THE INVENTION
MOBILE STATION, RADIO BASE STATION AND
COMMUNICAITON CONTROL METHOD

TECENICAL FIELD
The present invention relates to a mobile

station, a radio base station, and a communication

control method.

BACKGROUND ART
As a successor of a WCDMA (Wideband Code
Division Multiplexing Access) system, an HSDPA

(High-Speed Downlink Packet Access) system, and an
HSUPA (High-Speed Uplink Packet Access) system, an
LTE (Long Term Evolution) system has been considered
and standardized by 3GPP {(The 3rd Generation
Partnership Project), which is a standardization
organization of WCDMA.

Furthermore, as a successor of the LTE
system, an LTE-advanced system is under
consideration by 3GPP. The regquirements for the
LTE-advanced system are summarized in the non-patent
document 1.

As one of the requirements in the LTE-
advanced system, an agreement is reached that
carrier aggregation is applied. When carrier
aggregation is applied, a mobile station UE can
receive downlink signals simultaneously using plural
carriers or transmit uplink signals simultaneously
using plural carriers. Each carrier used in carrier
aggregation is referred to as a “component carrier”.

The plural component carriers are
categorized into a primary component carrier as a
main carrier and one or more secondary component
carriers other than the primary component carrier.

When a mobile station UE performs
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communicatiocns always using the primary component
carrier and the secondary component carriers, a
problem arises that power consumption becomes higher
in proportion to the number of component carriers.
As used herein, communicating using the primary
component carrier and the secondary component
carriers includes usual data transmission and
reception, cell search or measurement on the
respective carriers, and radio link monitoring.

For example, the cell search includes
establishing synchronization in downlink using
downlink synchronization signals in a serving cell
and an adjacent cell. Since cell search is the
processing for detecting a destination cell while a
mobile station UE is moving, the mobile station UE
pericdically needs to perform cell search. For
example, the measurement includes measuring received
power (more specifically, RSRP (Reference Signal
Received Power} or the like) of reference signals in
a serving cell and an adijacent cell. It should be
noted that the combined processing of cell search
and measurement may be referred to as “measurement”.
The radio link monitoring includes measuring radio
guality (more specifically, SIR (Signal-to-
Interference Ratio)) of reference signals in a
serving cell, determining whether the SIR is above a
predetermined threshold, and determining that the
serving cell is in out-of-synchronization when the
SIR is below the predetermined threshold. The
processing associated with cell search, measurement,
and radio link monitoring and their performance
definitions are described in non-patent documents 2
and 3, for example.'

In order to address the problem of power
consumption, it i1s considered that control of
activation/de-activation is applied in the secondary
component carrier, for example. For example, on a
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secondary component carrier in a de-activation state,
the mobile station UE does not perform usual data
transmission and reception and reduces the
frequenciles of cell search, measurement, and radio
i1ink monitoring, thereby saving the battery. The
processing of de-activation on a secondary component
carrier is performed when the amount of data to be
communicated is small, for example.

In addition, in the LTE system, a
measurement gap is defined in order to perform
measurement on a carrier with a different freguency
or a carrier for a different radio communication
system (non-patent document 4). The length of the
measurement gap is defined as 6 ms and its
periodicity is defined as 40 ms or 80 ms, for
example. During the measurement gap, the mobile
station UE suspends communications in a serving cell
and performs measurement of a carrier of a different
frequency or a carrier of a different radio
communication system. In this case, communication
with the serving cell is stopped, throughput of
communication with the serving cell deteriorates.

[Prior art documents]

[Non-patent deocument 1] 3GPP TS536.913(V8.0.1)

[Non-patent document 2] 3GPP T836.213
V8.8.0(2008-09)

[Non-patent document 3] 3GPP TS36.133
v8.7.0(2009-09)

[Non-patent document 4] 3GPP TS$36.331
v8.8.0(2009~12)

SUMMARY OF THE INVENTION
PROBLEM TO BE SCLVED BY THE INVENTION
As described above, when carrier

aggregation is applied, it is considered that de-
activation is applied in a secondary component

carrier.
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In this case, as shown in Fig. 1, a mobile
station UE performs communications only on a primary
cemponent carrier in an ordinary state (section Al).
Only when the mobile station UE performs cell search,
measurement, or radioc link monitoring (section AZ2)
on a secondary component channel, the mobile station
UE performs communications on both of the primary
component carrier and the secondary component
carrier.

However, as shown in Figs. 2 and 3, the
mobile station UE needs to change the center
frequency of the receiver between the case where the
mobile station UE performs communications only with
the primary component carrier and the case where the
mobile station UE performs communications with both
of the primary component carrier and the secondary
component carrier, for example. As a result, at the
time of the change between the case where the mobile
station UE performs communications only on the
primary compcnent carrier and the case where the
mobile station UE performs communications on both of
the primary component carrier and the secondary
component carrier, a problem arises that the mobile
station UE cannot transmit and receive data on the
primary component carrier. For example, the state
in which the mobile station UE cannot transmit and
receive data may include a state in which data to be
transmitted and received are lost.

In other words, when the mobile station UE
receives plural component carriers using a single
receiver, the change of the center freguency of the
receiver occurs when the number of component
carriers to be received changes, for example. As a
result, the mobile station UE cannot transmit and
receive data at the time of the change.

Since the time when the mobile station UE
performs cell search, measurement, or radio link
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menitoring typically depends on the implementation
of the mobile station UE, the radio base station eNB
cannot recognize when data are lost.

In order to solve the above-mentioned
problem, it may be considered to set the above-
mentioned measurement gap in the primary component
carrier and to perform measurement of the secondary
component carrier in the measurement gap. However,
in this case, since communication using the primary
component carrier cannot be performed in the
measurement gap, there is a problem in that
throughput of the primary component carrier
deteriorates.

The present invention is contrived in view
of the problem as described above, and an object of
he present invention is to provide a mobile station,
a radio base station, and a communication control
method for making a system more efficient and
achieving stability of connections, by saving a
battery when carrier aggregation is applied while
appropriately performing cell search, measurement,
or the like on each component carrier.

MEANS FOR SOLVING THE PROBLEM
A mobile station of the present invention

is a mobile station that communicates with a radio
base station using egqual to or greater than two
carriers, wherein the equal to or greater than two
carriers include a first carrier and a second
carrier, the mobile station including:

a first communicating unit configured to
perform communication with the first carrier; and

a second carrier measuring unit configured
to perform measurement of the second carrier,

wherein, in a case where a measurement gap
for measuring the second carrier is set, the first
communicating unit is configured
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to perform communication with the first
carrier without considering the measurement gap
when the second carrier is activated, and

not to perform communication with the
first carrier in the measurement gap when the second
carrier is not activated.

A communication control method of the
present invention is a communication control method
in a mobile station that communicates with a radio
base station using equal to or greater than two
carriers, wherein the equal to or greater than two
carriers include a first carrier and a second
carrier, the communication control method including:

a first step of performing communication
with the first carrier; and

a second step of performing measurement of
the second carrier,

wherein, in the first step, in a case
where a measurement gap for measuring the second
carrier is set,

when the second carrier is activated,
the mobile station performs communication with the
first carrier without considering the measurement
gap, and

when the second carrier is not activated,
the mobile station does not perform communication
with the first carrier in the measurement gap.

A radio base staticn of the present
inventicn is a radio base station that communicates
with a mobile station using equal to or greater than
two carriers, wherein the egual to or greater than
two carriers include a first carrier and a second
carrier, the radio base station including:

a first communicating unit configured to
perform communication with the first carrier,

wherein, in a case where a measurement gap
for measuring the second carrier is set, the first
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communicating unit is configured

to perform communication with the first
carrier without consideration of the measurement gap
when the second carrier is activated, and

not to perform communicaticn with the
first carrier in the measurement gap when the second
carrier is not activated.

A communication control method of the
present invention is a communication control method
in a radio base station that communicates with a
mobile station using equal to or greater than two
carriers, wherein the equal to or greater than two
carriers include a first carrier and a second
carrier, the communication control method including:

a first step of performing communication
with the first carrier,

wherein, in a case where a measurement gap
for measuring the second carrier is set,

when the second carrier is activated,
the radio base station performs communication with
the first carrier without consideration of the
measurement gap, and

when the second carrier is not activated,
the radio base station does not perform
communication with the first carrier in the

measurement gap.

EFFECT OF THE PRESENT INVENTION
According to the present invention, it

becomes possible to provide a mobile station, a
radio base station, and a communication control
method for making a system more efficient and
achieving stability of connections, by saving a
battery when carrier aggregation is applied while
appropriately performing cell search, measurement,
or the like on each component carrier.
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BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagram for explaining

operation for measuring a secondary component
carrier in a de-activated state in a conventional
mobile communication system;

Fig. 2 is a diagram showing a center
frequency of a receiver when both of a primary
component carrier and a secondary component carrier
are received;

Fig. 3 is a diagram showing a center
frequency of a receiver when only a primary
component carrier is received;

Fig. 4 is a diagram for explaining
component carriers in a mobile communication system
in accordance with an embodiment of the present
invention:;

Fig. 5 is a diagram for explaining
operations of a mobile station and a radio base
station in accordance with an embodiment of the
present invention (in a case where one gap section
is used);

Fig. 6 is a diagram for explaining
operations of a mobile station and a radio base
station in accordance with an embodiment of the
present invention (in a case where two gap sections
are used);

Fig. 7 is a diagram for explaining a
measurement gap formed by two gap sections in
accordance with an emboediment of the present
invention;

Fig. 8 is a diagram for explaining a
measurement gap formed by two gap sections in
accordance with an embodiment of the present
invention;

Fig. 9 is a diagram for explaining a
measurement gap formed by two gap sections in
accordance with an embodiment of the present
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Fig. 10 is a block diagram of a mobile
station in accordance with an embodiment of the
present invention;

Fig. 11 is a block diagram of a radio base
station in accordance with an embodiment of the
present invention;

Fig. 12 is a flowchart of a communication
control method in a mobile station in accordance
with an embodiment of the present invention;

Fig. 13 is a flowchart of a communication
control method in a radio base station in accordance
with an embodiment of the present invention;

Fig. 14 is a diagram for explaining a
measurement gap formed by two gap sections in
accordance with an embodiment of the present
invention;

Fig. 15 is a diagram showing a
communication control method in a mobile station UE;
and

Fig. 16 is a diagram showing a
communication control method in a radio base station
eNB.

EMBODIMENTS FOR CARRYING OUT THE INVENTION
<Configuration of a mobile communication

system in accordance with a first embodiment of the
present invention>

A mobile communication system in
accordance with a first embodiment of the present
invention is described below with reference to the
accompanying drawings. Throughout the figures for
i1llustrating the embodiments of the present
invention, the same reference numerals are used for
the same or eguivalent elements and their repeated
descriptions may be omitted.

For example, the mobile communication
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system in accordance with this embodiment is an LTE-
advanced system. In other words, the mobile
communication system in accordance with this
embodiment includes a radio base station eNB and a
moblile station UE for communicating with the radio
base station eNB, and the radic base station eNB and
the mobile station UE perform communications
according tco the LTE-~Advanced scheme. The mobile
station UE may be also referred to as a user
apparatus.

Communication channels used in the mobile
communication system in accordance with this
embodiment are described below.

In the mobile communication system in
accordance with this embodiment, a PDSCE (Physical
Downlink Shared Channel) shared by mobile stations
UE and a PDCCH (Physical Downlink Control Channel)
are used in downlink.

User data (i.e. typical data signals) are
transmitted via the PDSCH.

Control signals such as an ID of a mobile
station UE for performing communications using the
PDSCH and transport format information of user data
(i.e. downlink scheduling information) as well as an
ID of a2 mobile station UE for performing
communications using a PUSCH (Physical Uplink Shared
Channel) and transport format information of user
data (i.e. uplink scheduling grant) are transmitted
via the PDCCH.

The PDCCH may be also referred to as a
“Downlink L1/L2 Control Channel”. The downlink
scheduling information and the uplink scheduling
grant may be collectively referred to as “downlink
contrel information (DCI) ™.

In downlink, broadcast information is
mapped to a BCCH (Broadcast Control Channel) as a
locgical channel and transmitted.
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Part of information to be transmitted via
the BCCH is mapped to a BCH (Broadcast Channel) as a
transport channel. Information mapped to the BCH is
transmitted to mobile stations UE within the
corresponding cell via a P-BCH (Physical Broadcast
Channel) as a physical channel.

Part of information to be transmitted via
the BCCH is also mapped to a DL-SCH (Downlink Shared
Channel) as a transport channel. Information mapped
to the DL-SCH is transmitted to mobile stations UE
within the corresponding cell via the PDSCH as a
physical channel.

In the mobile communication system in
accordance with this embodiment, & FUSCH (Physical
Uplink Shared Channel) shared by mobile stations UE
and a PUCCH (Physical Uplink Control Channel) are
used in uplink.

User data (i.e. typical data signals) are
transmitted via the PUSCH.

Downlink guality information (CQI: Channel
Quality Indicator) used for scheduling processing
and for AMCS (Adaptive Modulation and Coding Scheme)
of the PDSCH, and acknowledgement information for
the PDSCH are transmitted via the PUCCH.

The downlink quality information may be
glso referred to as a “CS5I (Channel State
Indicator)”, which is an indicator collectively
representing a CQI, a PMI (Pre-coding Matrix
Indicator), and a RI (Rank Indicator).

The acknowledgement information is
expressed as either ACK {Acknowledgement) indicating
that a transmission signal is successfully received
or NACK (Negative Acknowledgement) indicating that a
transmission signal is not successfully received.

When carrier aggregation as described
below is applied, operations in the communication
channels used in the mobile communicate system in
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accordance with this embodiment may be performed in
a single component carrier or across plural
component carriers. For example, downlink
scheduling information may be transmitted by one
component carrier, and a physical downlink shared
channel corresponding to this downlink scheduling
information may be transmitted by another component
carrier. Alternatively, an uplink scheduling grant
may be transmitted by one compcnent carrier and a
physical uplink shared channel corresponding to this
uplink scheduling grant may be transmitted by
another component carrier. Such a scheduling may be
referred to as cross-carrier scheduling.

In the LTE-Advanced system, carrier
aggregation may be applied. In other words,
communications in uplink or downlink are performed
using plural component carriers.

A component carrier corresponds to a
single system carrier in the LTE system. In the LTE
system, communicaticns are performed on a single
component carrier. In the LTE-Advanced system, on
the other hand, communications may be performed on
two or more component carriers.

For example, as shown in Fig. 4, a cell
{first communication area) in which a first
compenent carrier (Fl in Fig. 4} is used
geographically overlaps with a cell (second
communication area) in which a second component
carrier (F2 in Fig. 4) is used in the mobile
communication system in accordance with this
empodiment. Although Fig. 4 shows that the first
communication area almost coincides with the second
communication area, the first communication area may
at least partially overlap with the second
communication area.

Although not shown in Fig. 4, a third
component carrier may be used in addition to the
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first component carrier and the second component
carrier. Altermnatively, four or more component
carriers may be used.

In the following description, it is
assumed that carrier aggregation 1is applied using a
first component carrier {(hereinafter referred to as
a “first carrier”) and a second component carrier
{hereinafter referred to as a “second carrier”).

Also, the first carrier is the primary
component carrier, and the second carrier is the
secondary component carrier. The primary component
carrier is the most important component carrier
among plural component carriers. The primary
component carrier is a carrier in which there is not
a de-activated state. That is, the primary
component carrier is a carrier that is always
activated.

The second carrier is the secondary
component carrier, in which there are a de-activated
state and an activated state. That is, in the
second carrier, there are a non—-activated state and
an activated state.

In general, the number of the primary
component carrier is one, and the number of the
secondary component carrier(s) may be one or may be
equal to or greater than two.

When the second carrier is not activated,
that is, when the second carrier is in a de-
activated state, data transmission and reception on
the second carrier is not performed basically, and
cell search, measurement or radio link monitoring is
performed at a reduced frequency. The radio link
monitoring may be performed or may not be performed.
In this case, battery saving in the mobile station
UE is realized since the mobile station UE can
reduce load of processing for the second carrier,
that is, load of processing of cell search,
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measurement, or radio link monitoring.

On the other hand, when the second carrier
is activated, that is, when the mobile station UE is
in an activated state, data transmission and
reception are performed on the second carrier, and
cell search, measurement or radio link monitoring
are performed at a proper frequency. The propex
frequency may be a frequency necessary for properly
performing handover in the second carrier, for
example.

Next, operation of the meobile station and
the radio base station in accordance with the
present embodiment is described. More specifically,
operation of communications in the first carrier and
the second carrier, and operation of cell search,
measurement or radio link monitoring are described
in a case where there are the first carrier that is
the primary component carrier and the second carrier
that is the secondary component carrier, and a
measurement gap for measurement of the second
carrier is set. As for the second carrier, there
are a case where the second carrier is in an
activated state and a case where the second carrier
is in a de-activated state. In the operation of the
mobile station and the radio base station in
accordance with the present embodiment, the
measurement gap for measuring the second carrier is
applied only when the second carrier is in a de-
activated state, and the measurement gap is not
applied when the second carrier is in an activated
state. Details of the measurement gap are described
below.

In Fig. 5, the second carrier is in an
activated state during a period until point Ci, and
the second carrier is in a de-activated state after
the point Cl. A measurement gap is defined in the
first carrier for measuring the second carrier.
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More specifically, each of the secticon Bl and the
section B2 is a section defined as the measurement
gap. The section Bl is a section where the second
carrier is 1in an activated state and the measurement
gap is applied. The section B2 is a section where
the second carrier is in a de-activated state and
the measurement gap is applied. The section B3 is a
section in which the measurement gap is not applied.

As mentioned above, the measurement gap is
a gap section for measuring a carrier of a different
frequency or a carrier of a different mobile
communication system, for example. The size may be
a value of 6 ms, for example. The size of the
measurement gap may be a value greater than 6 ms,
such as 8 ms and 9 ms. Also, the period of the
measurement gap may be a value of 40 ms or 80 ms,
for example. Or, the period of the measurement gap
may be a value, other than the 40 ms and 80 ms, such
as 20 ms and 1280 ms, for example. As long as
timings of gap sections agrees with each other
between the radio base station eNB and the mobile
station UE, any pattern or any form of measurement
gaps may be set.

In a case where the second carrier is in
an activated state, that is, in a case where the
second carrier is activated, the mobile station UE
and the radio base station eNB perform communication
of the first carrier without consideration of the
measurement gap (secticn Bl). That is, when the
second carrier is activated, the mobile station UE
and the radio base station eNB perform commemoration
of the first carrier even in the measurement gap
that is for measuring the second carrier.

Communication of the first carrier in the
mobile station UE may include processing for
receiving a downlink signal in downlink, and may
include processing for transmitting an uplink signal
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in uplink, for example. Alsc, communication of the
first carrier in the mobile station UE may include
cell search, measurement, and radio link monitoring
for the first carrier. Communication of the first
carrier in the radio base station eNB may include
processing for transmitting a downlink signal in
downlink, and may include processing for receiving
an uplink signal in uplink.

On the other hand, in a case where the
second carrier is in a de-activated state, that is,
in a case where the second carrier is not activated,
the mobile station UE and the radio base station eNB
do not perform communication of the first carrier
considering the measurement gap (section B2)}. That
is, when the second carrier is not activated, the
mobile station UE and the radio base station eNB do
not perform communication of the first carrier in
the measurement gap that is for measuring the second
carrier.

Also, in a case where the second carrier
is in an activated state, that is, in a case where
the second carrier is activated, the mobile station
UE may perform measurement of the second carrier,
that is, may perform cell search, measurement, or
radio link monitoring without consideration of the
measurement gap (section Bl). To perform
measurement of the second carrier without
consideration of the measurement gap (section Bl)
may mean to perform measurement of the second
carrier in an arbitrary timing in the section Bl or
the section B3.

On the other hand, in a case where the
second carrier 1s in a de-activated state, that is,
in a case where the second carrier is not activated,
the mobile station UE may perform measurement of the
second carrier, that is, may perform cell search,
measurement, or radio link monitoring in the
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measurement gap (section B2).

In & section {section B3} where the
measurement gap is not applied, the mobile station
UE and the radio base station eNB may perform
communication of the first carrier irrespective of
whether the second carrier is in an activated state
or in a de-activated state.

As mentioned above, although the section
Bl is set as a measurement gap in terms of signaling,
the section Bl may be regarded as a section where
the measurement gap is not applied since the second
carrier 1s in an activated state. Or, the section
Bl may be regarded as a section that is not set as a
measurement gap in terms of signaling since the
measurement gap for measuring the second carrier is
applied only when the second carrier is in a de-
activated state. In the latter case, the section Bl
may be regarded as a measurement gap that is set
when the second carrier is assumed to be in a de-
activated state.

Effects of the present embodiment are
described in the following.

In a case where the second carrier is in
an activated state, a receiver of the mobile station
UE is in a state shown in Fig. 2, so that the mobile
station UE can receive both of the signals of the
first carrier and the second carrier at the same
time. In this case, it becomes possible that the
mobile station UE performs measurement of the second
carrier without a measurement gap for measuring the
second carrier, so that the measurement gap can be
neglected. Thus, in a case where the second carrier
is in an activated state, the mobile station UE and
the radio base station eNB perform communication of
the first carrier by neglecting the measurement gap
for measuring the second carrier, so that it becomes
possible to avoid deterioration of throughput of the
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first carrier due to a measurement gap.

On the other hand, in a case where the
second carrier is in a de-activated state, a
receiver of the mobile station UE is basically in a
state of Fig. 3, so that the mobile station UE can
receive only a signal of the first carrier. 1In this
case, the mobile station UE performs measurement of
the second carrier using a measurement gap for
measuring the second carrier, and, the mcbile
station UE and the radio base station eNB stop
communication of the first carrier. Accordingly, a
predetermined measurement gap is set between the
mobile station UE and the radic base station eNB.

In the measurement gap, the mobile station UE
performs measurement of the second carrier, and the
mobile station UE and the radio base station eNB do
not perform communication of the first carrier, so
that it becomes possible to avoid an above-mentioned
event that data to be transmitted and received by
the mobile station UE is lost in the mobile station
UE.

To wrap up, according to the present
embodiment, in a state where a measurement gap is
set for measuring the second carrier that is the
secondary component carrier, when the secondary
component carrier is activated, deterioration of
throughput due to the measurement gap can be avoided
by neglecting the measurement gap. On the other
hand, when the secondary component carrier is not
activated, by performing measurement of the second
carrier while stopping communication of the first
carrier in consideration of the measurement gap, it
becomes possible to avoid an event in which data to
be transmitted and received by the mobile station UE
is lost in the mobile station UE.

Although transition between the activated
state and the de-activated state is performed in the
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MAC layer in order to perform control more guickly,
setting of the measurement gap is performed in the
RRC layer that is an upper layer of the MAC layer.
Thus, if the measurement gap is set or released
according to the transition between the activated
state and the de-activated state, the advantage of
control in the MAC layer in which control is
performed guickly is lost. That is, it is necessary
that the setting of the measurement gap is performed
irrespective of the activated state or the de-
activated state. In other words, according to the
mobile station and the radio base station apparatus
of the present embodiment, it becomes possible to
control whether to use the measurement gap without
setting a measurement gap in the RRC layer, so that
it becomes possible to perform proper measurement
while maintaining the advantage of the
activation/de-activation control in which control is
performed quickly in the MAC layer.

In the example of Fig. 5, although a
periodic gap of a predetermined length is applied as
the measurement gap, instead of this, periocdic gaps
of two divided gap sections may be applied as the
measurement gap as shown in Fig. 6. The section
between the two gap secticns is a section in which
ne measurement gap is applied, that is, the section
between the two gap sections 1s a section similar to
the section B3 shown in Fig. 5. The size of each of
the two gap sections may be 2 ms, for example. Or,
the size of each of the two gap sections may be a
value other than 2 ms.

The measurement gap shown in Fig. 6 may be
represented as a measurement gap in which two sets
of gap sections having the same period are set and a
time between gap sections of the two sets is
constant as shown in Fig. 7.

Cr, the measurement gap shown in Fig. 6
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may be represented as a measurement gap including
two gap sections separated by a predetermined time
as shown in Fig. 8. In this case, the measurement
gap including the two gap sections separated by the
constant time may be provided at a constant period
like a normal measurement gap.

As mentioned above, when the receiver of
the mobile station UE changes from the state of Fig.
2 to the state of Fig. 3, or changes from the state
of Fig. 3 to the state of Fig. 2, it is necessary to
stop communication of the first carrier and the
second carrier. That is, the mobile station UE
needs to stop communication on the first carrier and
the second carrier only in a section of transition
between a state where the mobile station UE performs
communication only on the first carrier and a state
where the mobile station UE performs communication
on both of the first carrier and the second carrier.
In other words, in a center section of the section
B2 shown in Fig. 5, the mobile station UE can
receive signals of both of the first carrier and the
second carrier. Thus, it is not necessary to define
the center section as a measurement gap. Therefore,
as shown in Figs. 6-8, a measurement gap is divided
into two gap sections and the section between two
gap sections is not set as a measurement gap, so
that sections where communication of the first
carrier is stopped can be decreased. As a result,
it becomes possible to improve throughput of
communication of the first carrier.

In the separated two gap sections shown in
Figs. 6-8, the size of the temporally first gap
section may be greater than the size of the
temporally second gap section as shown in Fig. 9.
Effects by setting the size of the temporally first
gap section to be greater than the size of the
temporally second gap section will be described
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later.

More specifically, the temporally first
gap section and the temporally second gap section
may be 6 ms and 1 ms, respectively, for example. Or,
the temporally first gap section and the temporally
second gap section may be 4 ms and 2 ms,
respectively, for example. Or, the sizes may be
other values as long as the size of the temporally
first gap section is greater than the size of the
temporally second gap section.

In the example shown in Fig. 5, a constant
length ¢f gap is periodically applied as a
measurement gap. Instead of that, as shown in Fig.
14, a measurement section for SCC (Secondary
Component Carrier) including four sections may be
applied. The four secticns may be called a first
section, a second section, a third section and a
fourth section from the teop in terms of time.
Similar to the measurement gap for measuring the
second carrier shown in Figs. 5 and 6, the
measurement section for SCC is applied only when the
second carrier is in a de-activated state, and the
measurement section for SCC is not applied when the
second carrier is in an activated state. That is,
in this case, the measurement section for 3CC is
neglected.

For example, sizes of the first section,
the second section, the third section and the fourth
section may be 2 ms, 4 ms, 5 ms and 2 ms,
respectively. Qrx, sizes of the first section, the
second section, the third section and the fourth
section may be values other than the above-mentioned
values.

The first section and the fourth section
0of the measurement section for SCC are equivalent to
the divided two gap sections of Figs. 6-9. That is,
the first section and the fourth section are
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regarded as times when a receiver of the mobile
station UE performs switching of a center fregquency
and the like, so that communication of the first
carrier is not performed. That is, each of the
first section and the fourth section is regarded as
a measurement gap, and communication of the first
carrier is not performed. That is, in the first
section and the fourth section, the radio base
station eNB and the mobile station UE do not perform
communication of the first carrier. In addition,
for similar reasons, communication of the second
carrier is not performed in the first section and
the fourth section.

For the first carrier, the second section
and the third section of the measurement section for
SCC are equivalent to the section between the
divided two gap sections of Figs. 6-9. 1In this case,
in each of the second section and the third section,
the receiver of the mobile station UE is in a state
of Fig. 2, so that communication of the first
carrier is performed. That is, in the second
section and the third section, the radio base
station eNB and the mobile station UE perform
communication of the first carrier. That is, each
of the second section and the third section is not a
measurement gap for the first carrier, and is
regarded as a normal section, so that communication
of the first carrier is performed.

Alsc for the second carrier, the second
section and the third section of the measurement
section for SCC are equivalent to the section
between the divided two gap sections of Figs. 6-9.
However, in a case where the second carrier is in =a
de-activated state, the moblle station UE performs
measurement on the second carrier with low frequency,
that is, performs cell search, measurement, and
measurement for path loss of the serving cell, for
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example, with low frequency. Thus, it is desirable
that the mobile station UE performs measurement on
the second carrier again before starting
communication so as to improve accuracy of the
measurement and improve gquality of communication.
Therefore, in the second section of the measurement
section for SCC, operation may be adopted in which
the mobile station UE performs measurement of the
second carrier, and communication ¢f the second
carrier is not performed between the mobile station
UE and the radio base staticn eNB. That is, in the
second section, the radio base station eNB and the
mobile station UE do not perform communication of
the second carrier. Then, in the third section of
the measurement secticon for SCC, communication of
the second carrier is performed. That is, in the
third section, the radio base station eNB and the
mobile station UE performs communication of the
second carrier. The mobile station UE may perform
measurement of the second carrier also in the third
secticn of the measurement section for SCC.

That is, in the second section of the
measurement section for SCC, the mobile station UE
performs cell search or measurement of the second
carrier, and measurement of path loss, and the
mobile station UE does not perform either uplink
transmission or downlink reception on the second
carrier. Then, the mobile station UE performs
uplink transmission and downlink reception on the
second carrier in the third section of the
measurement section for SCC. Also, in the second
section of the measurement section for SCC, the
radic base station eNB does not perform either
uplink reception or downlink transmission on the
second carrier, and the radio base station eNBR
performs uplink reception and downlink transmission
on the second carrier in the third section of the
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measurement section for SCC.

Since measurement of path loss and the
like is unnecessary for downlink communication, the
downlink communication may be performed in both of
the second section and the third section. In this
case, in the second section, only uplink
communication is not performed. That is, in the
second section of the measurement section for SCC,
the mobile station UE performs cell search or
measurement of the second carrier, and measurement
of path loss, and performs downlink reception, and
the mobile station UE does not perform uplink
transmission on the second carrier. Then, in the
third section of the measurement section for SCC,
the mobile station UE performs both of uplink
transmission and downlink reception on the second
carrier. Also, in the second section of the
measurement section for SCC, the radio base station
eNB performs downlink transmission in the second
carrier, but does not perform uplink reception. 1In
the third section of the measurement section for SCC,
the radio base station eNB performs both of uplink
reception and downlink transmission on the second
carrier.

The operation of the mobile station UE and
the radio base station eNB related to measurement
gap of the present embodiment described with
reference to Figs. 5-9 and 14 is applied only when
the first carrier and the second carrier belong to
the same frequency band, and may not be applied when
the first carrier and the second carrier belong to
different freguency bands.

In general, in a case where the first
carrier and the second carrier belong to differxent
fregquency bands, the mobile station UE has
respective receivers for the first carrier and the
second carrier. Thus, switching of the center
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frequency and the like shown in Figs. 2 and 3 does
not occur, so that loss of data due to the switching
does not occur. Thus, in the case where the first
carrier and the second carrier belong to different
fregquency bands, the above-mentioned operation of
the mobile station UE and the radio base station eNB
related to measurement gap of the present embodiment
becomes unnecessary. In other words, only when the
first carrier and the second carrier belong to the
same Ifrequency band, the mobile station UE and the
radio base station eNB set a measurement gap, and
only when the second carrier is in a de-activated
state, the mobile station UE and the radio base
station eNB regard that the measurement gap exists,
and when the second carrier is in an activated state,
the mobile station UE and the radio base station eNB
regard that the measurement gap does not exist. In
a case where the first carrier and the second
carrier belong to different frequency bands, the
mobile station UE and the radio base station eNB do
not set the measurement gap. In this case, when the
first carrier and the second carrier belong to
different frequency bands, it becomes possible that
the mobile station UE performs measurement of the
second carrier at an arbitrary timing. As a result,
it becomes possible to perform measurement
processing more fiexibly.

In addition, in a case where there are
plural secondary carriers, the section Bl and the
section B2 shown in Figs. 5 and 6 or the measurement
section for SCC may be set in the same time among
the plural seccondary carriers (second carriers in
the example shown in the above-mentioned figures).

As shown in Fig. 10, the mobile station UE
includes a first communicating unit 102, a second
communicating unit 104, an activation/de-activation

control unit 106, and a gap control unit 108. The
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first communicating unit 102 includes a first
downlink receiving unit 1024, a first uplink
transmitting unit 102B, and a first measuring unit
102C. The second communicating unit 104 includes a
second downlink receiving unit 104A, a second uplink
transmitting unit 104B, and a second measuring unit
i04cC.

It should be noted that Fig. 10 shows
functicnal units associlated with baseband processing
in the mobile station UE, but does not show
functional units associated with RF (radio
frequency) processing in the mobile station UE.
Since the receiver shown in Fig. 2 or 3 is included
in functional units associated with RF processing,
these units are not shown in Fig. 10. The
configuration of the mobile station UE in accordance
with this embodiment can be used regardless of the
functional units associated with RF processing.

The first communicating unit 102, the
first downlink receiving unit 102A, the first uplink
transmitting unit 102B, the first measuring unit
102C, the second communicating unit 104, the second
downlink receilving unit 104A, the second uplink
transmitting unit 104B, the second measuring unit
104C, the activation/de-activation control unit 106,
and the gap control unit 108 are connected with each
other.

The first communicating unit 102 performs
communications related to the first carrier. For
example, the first communicating unit 102 performs
downlink reception and uplink transmission on the
first carrier, and cell search, measurement, radio
link monitoring, or the like on the first carrier.

In the fellowing, operation of the first
communicating unit 102 is described in a case where
the measurement gap shown in Figs. 5 and 6 is set.

When the second carrier is in an activated
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state, that is, when the second carrier is activated,
the first communicating unit 102 performs
communication of the first carrier without
consideration of the measurement gap (section Bl).
That is, when the second carrier is activated, the
first communicating unit 102 performs communication
of the first carrier even in the measurement gap for
measuring the second carrier.

Also, in a case where the second carrier
is in a de-activated state, that is, in a case where
the second carrier is not activated, the first
communicating unit 102 does not perform
communication of the first carrier in consideration
of the measurement gap (section B2). That is, when
the second carrier is not activated, the first
communicating unit 102 does not perform
communication of the first carrier in the
measurement gap for measuring the second carrier.

In the following, operation of the first
communicating unit 102 is described in a case where
the measurement gap for SCC shown in Fig. 14 is set.

In a case where the second carrier is in
an activated state, that is, in a case where the
second carrier is activated, the first communicating
unit 102 performs communication of the first carrier
without consideration of the measurement section for
SCC. That is, in the case where the second carrier
is activated, the first communicating unit 102
performs communication of the first carrier even in
the first section, the second section, the third
section and the fourth section in the measurement
section for SCC.

In a case where the second carrier is in a
de-activated state, that is, in a case where the
second carrier is not activated, the first
communicating unit 102 does not perform
communication of the first carrier in the first
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section and the fcourth section of the measurement
section for SCC in consideration of the measurement
section for SCC. That is, when the second carrier
is not activated, the first communicating unit 102
does not perform communication of the first carrier
in the first section and the fourth section in the
measurement section for SCC. 1In a case where the
second carrier is not activated, the first
communicating unit 102 may perform communication of
the first carrier in the second section and the
third section in the measurement section for SCC.

The first downlink receiving unit 102A
receives downlink signals on the first carrier. For
example, the downlink signals may be the PDSCH or
the PDCCH. Alternatively, the downlink signals may
be a P-BCH as broadcast information, a PSS (Primary
Synchronization Signal) or an 83§ (Secondary
Synchronization Signal) as synchronization signals,
or downlink reference signals.

In the following, operation of the first
downlink receiving unit 102A is described in a case
where the measurement gap shown in Figs. 5 and 6 is
set.

In a case where the second carrier is in
an activated state, that is, in a case where the
second carrier is activated, the first downlink
receiving unit 1022 performs downlink signal
reception on the first carrier without consideration
of the measurement gap ({section Bl). That is, when
the second carrier is activated, the first downlink
receiving unit 1022 performs downlink signal
reception on the first carrier even in the
measurement gap for measuring the second carrier.

In a case where the second carrier is in a
de—~activated state, that is, in a case where the
second carriexr is neot activated, the first downlink
receiving unit 102A does not perform downlink signal
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reception on the first carrier in consideration of
the measurement gap (section B2). That is, when the
second carrier is not activated, the first downlink
recelving unit 102A does not perform downlink signal
reception on the first carrier in the measurement
gap for measuring the second carrier.

In the following, operation of the first
downlink receiving unit 102A is described in a case
where the measurement gap for SCC shown in Fig. 14
is set.

In & case where the second carrier is in
an activated state, that is, in a case where the
seccond carrier is activated, the first downlink
receiving unit 102A performs downlink signal
reception on the first carrier without consideration
of the measurement section for SCC. That i1s, in the
case where the second carrier is activated, the
first downlink receiving unit 1022 performs downlink
signal reception on the first carrier even in the
first section, the second section, the third section
and the fourth section in the measurement section
for SCC.

In a case where the second carrier is in
a de-activated state, that is, 1n a case where the
second carrier is not activated, the first downlink
receiving unit 102A does not perform downlink signal
reception on the first carrier in the first section
and the fourth section of the measurement section
for SCC in consideration of the measurement section
for SCC. That is, when the second carrier is not
activated, the first downlink receiving unit 102A
does not perform downlink signal reception on the
first carrier in the first section and the fourth
section in the measurement section for SCC. In a
case where the second carrier is not activated, the
first downlink receiving unit 102A may pexform
downlink signal reception on the first carrier in
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the second section and the third section in the
measurement section for SCC.

The first uplink transmitting unit 102B
transmits uplink signals on the first carrier. For
example, the uplink signals may be the PUSCH or the
PUCCH. Alternatively, the uplink signals may be
sounding reference signals, demodulation reference
signals, or signals on a random access channel.

In the following, operation of the first
uplink transmitting unit 102B is described in a case
where the measurement gap shown in Figs. 5 and 6 is
set.

In a case where the second carrier is in
an activated state, that is, in a case where the
second carrier is activated, the first uplink
transmitting unit 102B performs uplink signal
reception without consideration ¢f the measurement
gap (section Bl). That is, when the second carrier
is activated, the first uplink transmitting unit
102B performs uplink signal transmission on the
first carrier even in the measurement gap for
measuring the second carrier.

In a case where the second carrier is in a
de-activated state, that is, in a case where the
second carrier is not activated, the first uplink
transmitting unit 102B deoes not perform uplink
signal transmission on the first carrier in
consideration of the measurement gap (section B2).
That is, when the second carrier is not activated,
the first uplink transmitting unit 102B does not
perform uplink signal transmission on the first
carrier in the measurement gap for measuring the
second carrier.

In the following, operation of the first
uplink transmitting unit 102B is described in a case
where the measurement gap for SCC shown in Fig. 14

is set.
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In a case where the second carrier is in
an activated state, that is, in a case where the
second carrier is activated, the first uplink
transmitting unit 102B performs uplink signal
transmission on the first carrier without
consideration of the measurement section for SCC.
That 1is, in the case where the second carrier is
activated, the first uplink transmitting unit 102B
performs uplink signal transmission on the first
carrier even in the first section, the second
section, the third section and the fourth section in
the measurement section for SCC.

In a case where the second carrier is in
a de-activated state, that is, in a case where the
second carrier is not activated, the first uplink
transmitting unit 102B does not perform uplink
signal transmission in consideration of the
measurement section for SCC. That is, when the
second carrier is not activated, the first uplink
transmitting unit 102B does not perform uplink
signal transmission on the first carrier in the
first section and the fourth section in the
measurement section for SCC. In a case where the
second carrier 1s not activated, the first uplink
transmitting unit 102B may perform uplink signal
transmission on the first carrier in the second
section and the third section in the measurement
section for SCC.

The first measuring unit 102C performs
measurement processing such as cell search,
measurement, radio link monitoring or the like on
the first carrier.

In the following, operation of the first
measuring unit 102C is described in a case where the
measurement gap shown in Figs. 5 and 6 is set.

In a case where the second carrier is in
an activated state, that is, in a case where the
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second carrier is activated, the first measuring
unit 102C performs measurement processing such as
cell search, measurement, or radio link monitoring
on the first carrier without consideration of the
measurement gap (section Bl}). That is, when the
second carrier is activated, the first measuring
unit 102C performs measurement processing such as
cell search, measurement, or radio link monitoring
on the first carrier even in the measurement gap for
measuring the second carrier.

In a2 case where the second carrier is in a
de-activated state, that is, in a case where the
second carrier is not activated, the first measuring
unit 102C does not perform measurement processing
such as cell search, measurement, or radioc link
monitoring on the first carrier in consideration of
the measurement gap (section B2). That is, when the
second carrier is not activated, the first measuring
unit 102C deoes not perform measurement processing
such as cell search, measurement, or radio link
monitoring on the first carrier in the measurement
gap for measuring the second carrier.

In the following, operation of the first
measuring unit 102C is described in a case where the
measurement gap for SCC shown in Fig. 14 is set.

In a case where the second carrier is in
an activated state, that is, in a case where the
second carrier is activated, the first measuring
unit 102C performs measurement processing such as
cell search, measurement, or radio link monitoring
on the first carrier without consideration of the
measurement section for SCC. That is, in the case
where the second carrier is activated, the first
measuring unit 102C performs measurement processing
such as cell search, measurement, or radic link
monitoring on the first carrier even in the first
section, the second section, the third section and
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the fourth secticon in the measurement section for
SCcC.

In a case where the second carrier is in a
de-activated state, that is, in a case where the
second carrier is not activated, the first measuring
unit 102C does not perform measurement processing
such as cell search, measurement, or radio link
monitoring on the first carrier in consideration of
the measurement section for SCC. That is, when the
second carrier is not activated, the first measuring
unit 102C does not perform measurement processing
such as cell search, measurement, or radio link
monitoring on the first carrier in the first section
and the fourth section in the measurement section
for SCC. In a case where the second carrier is not
activated, the first measuring unit 102C may perform
measurement processing such as cell search,
measurement, or radio link monitoring on the first
carrier in the second section and the third section
in the measurement section for SCC.

The second communicating unit 104 performs
communications related to the second carrier. For
example, the second communicating unit 104 performs
downlink reception and uplink transmission on the
second carrier, and cell search, measurement, radio
link monitoring, or the like on the second carrier.

As mentioned above, in a case where the
second carrier is in an activated state, the second
communicating unit 104 performs normal data
transmission and reception, and performs measurement
of the second carrier at a proper frequency. On the
other hand, in a case where the second carrier is in
a de-activated state, the second communicating unit
104 does not perform normal data transmission and
reception, and performs measurement of the second
carrier by reducing the frequency of measurement.

Operation of the second communicating unit
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104 is described below in a case where the
measurement sectiocn for SCC shown in Fig. 14 is set.
In a case where the second carrier is in an
activated state, the second communicating unit 104
performs normal data transmission and reception on
the second carrier by neglecting the measurement
section for SCC, and performs measurement of the
second carrier at a proper frequency. On the other
hand, in a case where the second carrier is in a de-
activated state, as mentioned above, the second
communicating unit 104 may perform uplink
transmission and downlink transmission on the second
carrier, and measurement of the second carrier only
in a part of the measurement section for SCC. That
is, in the case where the second carrier is in a de-
activated state, the second communicating unit 104
may perform uplink transmission and downlink
reception only in the third section of the
measurement section for SCC, and does not perform
uplink transmission and downlink reception in the
first section, the second section and the fourth
section of the measurement section for SCC.

The second downlink receiving unit 104A
receives downlink signals on the second carrier.

For example, the downlink signals may be the PDSCH
or the PDCCH. Alternatively, the downlink signals
may be the P-BCH as broadcast information, the PSS
(Primary Synchronization Signal} or the 8SS
{Secondary Synchronization Signal) as
synchronization signals, or downlink reference
signals.

In a case where the second carrier is in a
de-activated state, the second downlink receiving
unit 104A does not perform downlink signal reception
on the second carrier. ‘

Operation of the second downlink receiving
unit 104A is described below in a case where the
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measurement section for SCC shown in Fig. 14 is set.
In a case where the second carrier is in an
activated state, the second downlink receiving unit
1042 receives a downlink signal on the second
carrier by neglecting the measurement section for
SCC. In a case where the second carrier is in a de-
activated state, the second downlink receiving unit
104A may receive a downlink signal on the second
carrier only in the third section of the measurement
section for $CC. That is, in the case where the
second carrier is in a de-activated state, the
second downlink receiving unit 104A does not receive
the downlink signal in the first section, the second
section and the fourth section of the measurement
section for SCC. As mentioned above, in a case
where the second carrier is in a de-activated state,
the second downlink receiving unit 104A may receive
a downlink signal only in the second section and the
third section in the measurement section for SCC
instead of receiving the downlink signal only in the
third section in the measurement section for SCC.

The second uplink transmitting unit 104B
transmits uplink signals on the second carrier. For
example, the uplink signals may be the PUSCH or the
PUCCH. Alternatively, the uplink signals may be
sounding reference signals, demodulation reference
signals, or signals on the random access channel.

In a2 case where the second carrier is in a
de-activated state, the second uplink transmitting
unit 104B does not perform uplink signal reception
on the second carrier.

Operation of the second uplink
transmitting unit 104B is described below in a case
where the measurement section for SCC shown in Fig.
14 is set. 1In a case where the second carrier is in
an activated state, the second uplink transmitting
unit 104B transmits an uplink signal on the second
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carrier by neglecting the measurement section for

SCC. In a case where the second carrier is in a de-

activated state, the second uplink transmitting unit

104B may transmit an uplink signal only in the third

section of the

measurement secticn for SCC. That is,

in the case where the second carrier is in a de-

activated state, the secend uplink transmitting unit

104B does not transmit the uplink signal in the

first section,

the second section and the fourth

section of the measurement secticn for SCC.

The second measuring unit 104C performs

measurement processing such as cell search,

measurement, or radio link monitoring on the second

carrier.

In the following, operation of the second

measuring unit

104C is described in a case where the

measurement gap shown in Figs. 5 and 6 is set.

In a

case where the second carrier is in

an activated state, that is, 1n a case where the

second carrier

is activated, the second measuring

unit 104C may perform measurement of the second

carrier, that is, may perform cell search,

measurement, or radio link monitoring without

consideration of the measuremeni gap {section Bl).

To perform measurement of the second carrier without

consideration of the measurement gap (secition Bl)

may mean to perform measurement of the second

carrier at an arbitrary timing in the section Bl or

the section B3,

for example.

Cn the other hand, in a case where the

second carrier

is in a de-activated state, that is,

in a case where the second carrier is not activated,

the second measuring unit 104C may perform

measurement of

the second carriex, that is, may

perform cell search, measurement, or radio link

monitoring in the measurement gap {section B2).

Also,

in a case where a measurement gap
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including two gap sections separated by a constant
time is set as a measurement gap for measuring the
second carrier as shown in Figs. 6-8, the second
measuring unit 104C may perform measurement
processing such as cell search, measurement, or
radio link monitoring or the like on the second
carrier in a temporally first gap section in the two
gap sections. The measurement may include after-
mentioned measurement of path loss.

In the following, the meaning is described
that the second measuring unit 104C performs
measurement processing such as cell search,
measurement, radio link monitoring or the like on
the second carrier in the temporally first gap
section in the two gap sections.

For example, it is assumed that, in a case
where the second carrier is in a de-activated state,
data to transmit occurs, and uplink transmission
cccuzrs in the section between the two gap sections.
In this case, it is desirable that transmission
power for the uplink transmissicon is determined
based on the newest path loss as much as possible.
In this case, 1f path loss is measured in the
section between the two gap sections, it is
difficult to reflect the result of the measured path
loss in determination of transmission power for the
uplink transmission, in consideration of process
delay and the like. 1In other words, by measuring
path loss in the section before the section between
the two gap sections, the transmission power for the
uplink transmission is determined based on the
newest path loss. As a result, guality of
communication can be improved.

In the above-mentioned example, the path
loss is estimated from received power RSRP of the
downlink reference signal. Thus, to measure the
path loss in the temporally first gap section in the
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two gap secticons means to perform measurement of
RSRP (so called measurement) in the temporally first
gap section in the two gap sections.

Not only for the measurement of RSRP (so
called measurement), but also for cell search or
radio 1ink monitoring, it is desirable to perform
cell search or radio link monitoring in the
temporally first gap section of the two gap sections
since processing based on the measurement result
becomes possible in the section between the two gap
sections.

In the temporally second gap section in
the two gap sections, only processing such as
switching of the center frequency of the receiver
occurs as mentioned above. On the other hand, in
the temporally first gap section in the two gap
sections, processing of the above-mentioned cell
search, measurement, or radio link monitoring is
performed in addition to the processing such as the
switching of the center frequency of the receiver.
Thus, the size of the temporally first gap section
in the two gap sections may be set to be greater
than the temporally second gap secticon in the two
gap sections.

That is, the mobile station UE and the
radioc base station eNB may perform processing, in
which the mobile station UE and the radio base
station eNB do not perform communication processing
on the first carrier in the temporally first gap
section of the two gap secticons and in the
temporally second gap section of the two gap
sections by regarding that data transmission and
reception on the first carrier cannot be performed
in the sections. Also, the size of the temporally
first gap section in the two gap sections may be set
to be greater than the size of the temporally second
gap section in the two gap sections.
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Operation of the second measuring unit
104C is described below in a case where the
measurement section for SCC shown in Fig. 14 is set.
In a case where the second carrier is in an
activated state, the second measuring unit 104C
performs measurement of the second carrier by
neglecting the measurement section for SCC. 1In a
case where the second carrier is in a de-activated
state, the second measurement unit 104C may perform
measurement of the second carrier in the second
section in the measurement section for SCC. For
example, the measurement may be cell search or
measurement of a serving cell or an adjacent cell,
measurement of path loss of the serving cell, or
radio link menitoring. The effect in which the
second measuring unit 104C performs measurement of
the second carrier in the second section is the same
as the effect of performing measurement in the
temporally first gap section in the two gap sections.
Thus, the description is not given.

The activation/de-activation control unit
106 is configured to perform management on whether
the second component carrier of the mobile station
UE is in a de-activated state or in an activated
state. More specifically, the activation/de-
activation control unit 106 is configured to perform
management on whether the second carrier that is the
secondary component carrier is in an activated state
or in a de-activated state. The activation/de-
activation contrel unit 106 reports information
indicating whether the second carrier is in an
activated state or in a de-activated state, that is,
whether the second carrier is activated or not
activated, to the first communicating unit 102 (the
first downlink receiving unit 102A, the first uplink
transmitting unit 102B, the first measuring unit
102C), the second communicating unit 104 (the second
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downlink receiving unit 104A, the second uplink
transmitting unit 104B, the second measuring unit
104C) and the gap control unit 108.

The gap control unit 108 controls a
measurement gap. More specifically, the gap control
unit 108 manages a measurement gap for measuring a
carrier with a different frequency or a carrier for
a different radio communication system. The gap
control unit 108 provides information about a
subcarrier in which the measurement gap is provided
to the activation/de-activation control unit 106,
the first communicating unit 102 (the first downlink
receiving unit 102A, the first uplink transmitting
unit 102B, and the first measuring unit 102C), and
the second communicating unit 104 (the second
downlink receiving unit 1042, the second uplink
transmitting unit 104B, and the second measuring
unit 104C).

The measurement gap includes the
measurement gap for measuring the second carrier
described with reference to Figs. 5-9 or the
measurement section for SCC described with reference
to Fig. 14 in addition to the measurement gap for
measurement on different frequency carriers or
measurement on carriers of different mobile
communication systems. That is, the gap control
unit 108 manages the measurement gap for measuring

the second carrier or the measurement section for

'SCC, and reports information on the measurement gap

or the measurement section for SCC, that is,
information on a subframe in which the measurement
gap or the measurement section for SCC is set, for
example, to the activation/de-activation control
unit 106, the first communicating unit 102 (the
first downlink receiving unit 102A, the first uplink
transmitting unit 102ZB, the first measuring unit
102C), and the second communicating unit 104 (the



10

15

20

25

30

35

-]

second downlink receiving unit 104A, the second
uplink transmitting unit 104B, the second measuring
unit 104C). The measurement gap for measuring the
second carrier or the measurement section for SCC
may be different from or may be the same as the
measurement gap for measurement of the different
frequency carriers or for measurement of carriers of
different mobile communication systems in terms of
the period, configuration of gap sections, and the
length of the gap sections.

As shown in Fig. 11, the radio base
station eNB includes a first communicating unit 202,
a second communicating unit 204, an activation/de-
activation control unit 206, and a gap unit 208.

The first communicating unit 202 includes a first
downlink transmitting unit 202A and a first uplink
receiving unit 202B. The second communicating unit
204 includes a second downlink transmitting unit
204A and a second uplink receiving unit 204B. The
first communicating unit 202, the first downlink
transmitting unit 202A, the first uplink receiving
unit 202B, the second communicating unit 204, the
second downlink transmitting unit 204A, the second
uplink receiving unit 204B, the activation/de-
activation centrol unit 206, and the gap control
unit 208 are connected with each other.

The first communicating unit 202 performs
communications related to the first carrier. For
example, the first communicating unit 202 performs
downlink transmission and uplink reception on the
first carrier.

In the following, operation of the first
communicating unit 202 is described in a case where
the measurement gap shown in Figs. 5 and 6 is set.

When the second carrier is in an activated
state, that is, when the second carrier is activated,
the first communicating unit 202 performs
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communication of the first carrier without
consideration of the measurement gap (section Bl).
That is, when the second carrier is activated, the
first communicating unit 202 performs communication
of the first carrier even in the measurement gap for
measuring the second carrier.

In a case where the second carrier 1s in a
de-activated state, that is, in a case where the
second carrier is not activated, the first
communicating unit 202 does not perform
communication of the first carrier in consideration
of the measurement gap (section B2). That is, when
the second carrier is not activated, the first
communicating unit 202 does not perform
communication of the first carrier in the
measurement gap for measuring the seccend carrier.

In the following, operation of the first
communicating unit 202 is described in a case where
the measurement gap for SCC shown in Fig. 14 is set.

In a case where the second carrier is in
an activated state, that is, in a case where the
second carrier is activated, the first communicating
unit 202 performs communication of the first carrier
without consideration of the measurement section for
SCC. That is, in the case where the second carrier
is activated, the first communication unit 202
performs communication of the first carrier even in
the first section, the second section, the third
section and the fourth section in the measurement
section for SCC.

Also, in a case where the second carrierx
is in a de-activated state, that is, in a case where
the second carrier is not activated, the first
communicating unit 202 does not perform
communication of the first carrier in the first
section and the fourth section of the measurement
section for SCC in consideration of the measurement
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section for SCC. That is, when the second carrier
is not activated, the first communicating unit 202
does not perform communication of the first carrier
in the first section and the fourth section in the
measurement section for SCC. 1In a case where the
second carrier is not activated, the first
communicating unit 202 may perform communication of
the first carrier in the second section and the
third section in the measurement section for SCC.

The first downlink transmitting unit 202A
transmits downlink signals on the first carrier.
For example, the downlink signals may be the PDSCH
or the PDCCH. Alternatively, the downlink signals
may be the P-BCH as broadcast information, the PSS
(Primary Synchronization Signal) or the SSS
(Secondary Synchronization Signal) as
synchronization signals, or downlink reference
signals.

In the following, operation of the first
downlink transmitting unit 2022 is described in a
case where the measurement gap shown in Figs. 5 and
6 is set.

In a case where the second carrier is in
an activated state, that is, in a case where the
second carrier i1s activated, the first downlink
transmitting unit 202A performs downlink signal
transmission of the first carrier without
consideration of the measurement gap (section Bl).
That is, when the second carrier is activated, the
first downlink transmitting unit 2022 performs
downlink signal transmission on the first carrier
even in the measurement gap for measuring the second
carrier.

Alternatively, in a case where the second
carrier is in an activated state, the first downlink
transmitting unit 202A may perform downlink
scheduling by neglecting the measurement gap for
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measuring the second carrier. That is, in a case
where the second carrier is in an activated state,
the first downlink transmitting unit 2022 may
perform downlink scheduling for the mobile staticen
UE even in the measurement gap for measuring the
second carrier. The “scheduling” indicates
processing for selecting a mobille station UE that
performs communication using a shared channel in a
subframe.

In a case where the second carrier is in a
de—~activated state, that is, in a case where the
second carrier i1s not activated, the first downlink
transmitting unit 2022 does not perform downlink
signal transmission on the first carrier in
consideration of the measurement gap (section B2).
That is, when the second carrier is not activated,
the first downlink transmitting unit 202A does not
perform downlink signal transmission on the first
carrier in the measurement gap for measuring the
second carrier.

Alternatively, in a case where the second
carrier is in a de-activated state, the first
downlink transmitting unit 202A may perform
scheduling such that the mobile station UE does not
receive a downlink signal in the measurement gap for
measuring the second carrier. The “scheduling”
indicates processing for selecting a mobile station
UE that performs communication using a shared
channel in a subframe.

In the feollowing, operation of the first
downlink transmitting unit 202A is described in a
case where the measurement gap for SCC shown in Fig.
14 is set.

In a case where the second carrier is in
an activated state, that is, in a case where the
second carrier is activated, the first downlink
transmitting unit 202A performs downlink signal
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transmission on the first carrier without
consideration of the measurement section for SCC.
That 1is, in the case where the second carrier is
activated, the first downlink transmitting unit 202A
performs downlink signal transmission on the first
carrier even in the first section, the second
section, the third section and the fourth section in
the measurement section for SCC for measuring the
second carrier.

In a case where the second carrier is in
a de—activated state, that is, in a case where the
second carrier is not activated, the first downlink
transmitting unit 202A does not perform downlink
signal transmission in consideration of the
measurement section for S$CC. That is, when the
second carrier is not activated, the first downlink
transmitting unit 202A dces not perform downlink
signal transmission on the first carrier in the
first section and the fourth section in the
measurement section for SCC. In a case where the
second carrler is not activated, the first downlink
transmitting unit 202A may perform downlink signal
transmission on the first carrier in the second
section and the third section in the measurement
section for SCC.

The first uplink receiving unit 202B
receives uplink signals on the first carrier. For
example, the uplink signals may be the PUSCH or the
PUCCH. Alternatively, the uplink signals may be
sounding reference signals, demeodulation reference
signals, or a random access channel.

In the following, operation of the first
uplink receiving unit 202B is described in a case
where the measurement gap shown in Figs. 5 and 6 is
set.

In a case where the second carrier is in
an activated state, that is, in a case where the



10

15

20

25

30

35

—46—

second carrier is activated, the first uplink
receiving unit 202B performs uplink signal reception
on the first carrier without consideration of the
measurement gap (section Bl). That is, when the
second carrier is activated, the first uplink
receiving unit 202B performs uplink signal reception
on the first carrier even in the measurement gap for
measuring the second carrier.

Alternatively, in a case where the second
carrier is activated, the first uplink receiving
unit 202B may perform uplink scheduling by
neglecting the measurement gap for measuring the
second carrier. That is, in a case where the second
carrier 1s activated, the first uplink receiving
unit 202B may perform uplink scheduling for the
mobile station UE even in the measurement gap for
measuring the second carrier. The “scheduling”
indicates processing for selecting a mobile station
UE that performs communication using a shared
channel in a subframe. More specifically, the first
uplink receiving unit 202B may be configured not to
transmit an uplink scheduling grant to the mobile
station UE in & corresponding subframe of downlink
such that the mobile station does not transmit an
uplink signal in the measurement gap for measuring
the second carrier. The uplink scheduling grant may
be transmitted via the first downlink transmission
unit 202A.

In a case where the second carxrier is in a
de~activated state, that is, in a case where the
second carrier is not activated, the first uplink
receiving unit 202B does not perform uplink signal
reception on the first carrier in consideration of
the measurement gap (section BZ2). That is, when the
second carrier is not activated, the first uplink
receiving unit 202B does not perform uplink signal
reception on the first carrier in the measurement
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gap for measuring the second carrier.

Alternatively, in a case where the second
carrier 1is not activated, the first uplink receiving
unit 202B may perform scheduling such that the
mobile station UE does not transmit an uplink signal
in the measurement gap for measuring the second
carrier. The “scheduling” indicates processing for
selecting a mobile station UE that performs
communication using a shared channel in a subframe.
More specifically, the first uplink receiving unit
202B may be configured not to transmit an uplink
scheduling grant to the mobkile station UE in a
corresponding subframe of downlink such that the
mobile station UE does not transmit an uplink signal
in the measurement gap for measuring the second
carrier. The uplink scheduling grant may be
transmitted via the first downlink transmitting unit
202A.

In the following, operation of the first
uplink receiving unit 202B is described in a case
where the measurement gap for SCC shown in Fig. 14
is set.

In a case where the second carrier is in
an activated state, that is, in a case where the
second carrier is activated, the first uplink
receiving unit 202B performs uplink signal reception
on the first carrier without consideration of the
measurement section for SCC. That is, in the case
where the second carrier is activated, the first
uplink receiving unit 202B performs uplink signal
reception on the first carrier even in the first
section, the second section, the third section and
the fourth section in the measurement section for
SCC for measuring the second carrier.

In a case where the second carrier is in
a de-activated state, that is, in a case where the
second carrier is not activated, the first uplink
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receiving unit 202B does not perform downlink signal
reception on the first carrier in consideration of
the measurement section feor SCC. That is, when the
second carrier is not activated, the first uplink
receiving unit 202B does not perform uplink signal
reception on the first carrier in the first section
and the fourth section in the measurement section
for SCC. 1In a case where the second carrier is not
activated, the first uplink receiving unit 202B may
perform uplink signal reception on the first carrier
in the second section and the third section in the
measurement section for SCC.

Also in the case of the measurement
section for SCC shown in Fig. 14, like the gap
section for measuring the second carrier shown in
Figs. 5-9, scheduling may be performed such that
uplink communication or downlink communication does
not occur in the first section and the fourth
section. That is, in the first section and the
fourth section, transmission of uplink scheduling
grant or downliink scheduling information which
causes uplink or downlink communication may be
restricted.

The second communicating unit 204 performs
communications related to the second carrier. For
example, the second communicating unit 204 performs
downlink transmission and uplink reception and the
like on the second carrier.

As menticned above, in a case where the
second carrier is in an activated state, the second
communicating unit 204 performs normal data
transmission and reception. On the other hand, in a
case where the second carrier is in a de-activated
state, the second communicating unit 204 does not
perform normal data transmission and reception.

Operation of the second communicating unit

204 is described belcw in a case where the
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measurement section for SCC shown in Fig. 14 is set.
In a case where the second carrier is in an
activated state, the second communicating unit 204
performs normal data transmission and recepticon on
the second carrier by neglecting the measurement
section for SCC. On the other hand, in a case where
the second carrier is in a de-activated state, as
mentioned above, the second communicating unit 204
may perform uplink reception or downlink
transmission on the second carrier only in a part of
the measurement section for SCC. That is, in the
case where the second carrier is in a de-activated
state, the second communicating unit 204 performs
uplink reception and downlink transmission only in
the third section of the measurement section for SCC,
and does not perform uplink recepticn and downlink
transmission in the first section, the second
section and the fourth section of the measurement
section for SCC.

The second downlink transmitting unit 2044
transmits downlink signals on the second carrier.
For example, the downlink signals may be the PDSCH
or the PDCCH. Alternatively, the downlink signals
may be the P-~BCH as broadcast information, the PSS
(Primary Synchronization Signal) or the S88
(Secondary Synchronization Signal) as
synchronization signals, or downlink reference
signals.

In a case where the second carrier is in a
de-activated state, the second downlink transmitting
unit 204A deces not perform downlink signal
transmission on the second carrier.

Operation of the second downlink
transmitting unit 204A is described below in a case
where the measurement section for SCC shown in Fig.
14 is set. In a case where the second carrier is in
an activated state, the second downlink transmitting
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unit 204A transmits a downlink signal on the second
carrier by neglecting the measurement sectlon for
SCC. 1In a case where the second carrier is in a de-
activated state, the second downlink transmitting
unit 204A may transmit a downlink signal only in the
third section of the measurement section for SCC.
That is, in the case where the second carrier is in
a de~activated state, the second downlink
transmitting unit 204A does not transmit the
downlink signal in the first section, the second
section and the fourth section of the measurement
section for SCC. As mentioned above, in a case
where the second carrier is in a de-activated state,
the second downlink transmitting unit 204A may
transmit a deownlink signal only in the second
section and the third section in the measurement
section for SCC instead of transmitting the downlink
signal only in the third secticn in the measurement
section for SCC.

The second uplink receiving unit 204B
receives uplink signals on the second carrier. For
example, the uplink signals may be the PUSCH oxr the
PUCCH. Alternatively, the uplink signals may be
sounding reference signals, demodulation reference
signals, or the random access channel.

In a case where the second carrier is in a
de-activated state, the second uplink receiving unit
204B does not perform uplink signal reception on the
second carrier.

In a case where the second carrier is in a
de-activated state and there is an uplink signal to
be transmitted, the second uplink receiving unit
204B may perform scheduling of uplink in the second
carrier, that is, may perform assignment of a shared
channel of the second carrier such that the uplink
signal is transmitted right after the section B2.
More specifically, in a case where the second
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carrier is in a de-activated state and there is an
uplink signal to be transmitted, the second uplink
receliving unit 204B may transmit an uplink
scheduling grant, in downlink, that is a control
signal for instructing uplink signal transmission
such that the uplink signal is transmitted right
after the section BZ.

Operation of the second uplink receiving
unit 204B is described below in a case where the
measurement section for SCC shown in Fig. 14 is set.
In a case where the second carrier is in an
activated state, the second uplink receiving unit
204B receives an uplink signal on the second carrier
by neglecting the measurement section for SCC. 1In a
case where the second carrier is in a de-activated
state, the second uplink receiving unit 204B may
receive an uplink signal only in the third section
of the measurement section for SCC. That is, in the
case where the second carrier 1s in a de-activated
state, the second uplink receiving unit 204B does
not receive the uplink signal in the first section,
the second section and the fourth section of the
measurement section for SCC.

As mentioned above, in the section B2 or
the measurement section for SCC, since cell search
or measurement on the second carrier is performed,
accuracy of path loss used for uplink transmission
is considered to be high. Thus, in a case where
uplink transmission is performed in a de-activated
state, uplink transmission power control is
performed more properly and communication quality is
improved by instructing the mobile station UE to
transmit an uplink signal right after the section B2
or the measurement section for SCC. Alternatively,
in the same reason, in a case where the secocond
carrier is in a de-activated state, the radio base
station eNB may activate the second carrier right
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after the section BZ or the measurement section for
SCC.

In a case where a measurement gap that
includes two gap sections is set as shown in Fig. 6,
uplink transmission may be instructed such that
uplink transmission is performed in a section
between the two gap sections. In this case, as
shown in Fig. 14, the uplink transmission may be
performed in the second half section (third section
in Fig. 14) in sections between the two gap sections.

The activation/de-activation control unit
206 is configured to perform management and controcl
on whether the secondary component carrier of each
mobile station UE in a cell is in an activated state
or in a de-activated state. More specifically, the
activation/de-activation control unit 206 is
configured to perform management and control on
whether the second carrier that is the secondary
component carrier is in an activated state or in a
de-activated state for each mobile station UE in the
cell. The activation/de-activation control unit 206
reports information indicating whether the second
carrier of each mobile station UE in the cell is in
an activated state or in a de-activated state, that
is, whether the second carrier is activated or not
activated, to the first communicating unit 202 (the
first downlink transmitting unit 202A, the first
uplink receiving unit 202B), the second
communicating unit 204 (the second downlink
transmitting unit 204A, the second uplink receiving
unit 204B) and the gap control unit 208.

The gap control unit 208 controls a
measurement gap. More specifically, the gap control
unit 208 manages a measurement gap for measuring a
carrier with a different frequency or a carrier for
a different radio communication system. The gap
control unit 208 provides information about a
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subcarrier in which the measurement gap is provided
for each mobile station in the cell to the
activation/de-activation control unit 206, the first
communicating unit 202 (the first downlink
transmitting unit 202A, the first uplink receiving
unit 202B), and the second communicating unit 204
(the second downlink transmitting unit 204A, the
second uplink receiving unit 204B).

In & case where a measurement gap is set
for each mobile station in the cell, the gap control
unit 208 may transmit the setting information to
each mobile station in the cell using an RRC message.
The RRC message may be reported to the mobile
station UE via the first downlink transmitting unit
202A or the second downlink transmitting unit 202A.

The measurement gap includes the
measurement gap for measuring the second carrier
described with reference to Figs. 5-9 or the
measurement section for SCC described with reference
to Fig. 14 in addition teo the measurement gap for
measurement on different frequency carriers or
measurement on carriers of different mobile
communication systems. That is, the gap control
unit 208 manages the measurement gap for measuring
the second carrier or the measurement section for
SCC, and the gap control unit 208 reports
information on the measurement gap or the
measurement section for SCC, that is, information on
a subframe in which the measurement gap or the
measurement section for SCC is set, for example, to
the activation/de-activation control unit 206, the
first communicating unit 202 (the first downlink
transmitting unit 202A, the first uplink receiving
unit 202B), and the second communicating unit 204
(the second downlink transmitting unit 204A, the
second uplink receiving unit 204B}.

The measurement gap for measuring the
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second carrier or the measurement section for SCC
may be different from or may be the same as the
measurement gap for measurement on the different
frequency carriers or for measurement on carriers of
different mobile communication systems in terms of
the period, configuration of gap sections, and the
length of the gap sections.

The measurement gap for measuring the
second carrier or the measurement section for SCC
may be set as a measurement gap that is the same as
or different from the measurement gap for
measurement on the different freguency carriers or
for measurement on carriers of different mobile
communication systems. When the measurement gap for
measuring the second carrier or the measurement
section for SCC is set as a measurement gap
different from the measurement gap for measurement
on the different frequency carriers or for
measurement on carriers of different mobile
communication systems, the measurement gap for
measuring the second carrier or the measurement
section for SCC may be set at the same time when the
measurement gap for measurement on the different
frequency carriers or for measurement on carriers of
different mobile communication systems is set.

Also, the measurement gap for measuring
the second carrier or the measurement section for
SCC may be a measurement gap that is applied only
when a carrier of measurement target is in a de-
activated state.

A communication control methcd in the
mobile station UE according to the present
embodiment is described with reference to Fig. 12.

In step S302, the mobile station UE
determines whether the secondary component carrier
{secondary CC} 1s in a de-activated state in a
corresponding subframe. The secondary CC
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corresponds to the second carrier in the above
description.

When the secondary CC is in a de-activated
state in the subframe (step 5302:Yes), the mobile
station UE determines whether the subframe is a gap
section for measuring the secondary CC. Instead of
determining whether the subframe is a gap section
for measuring the secondary CC, the mobile station
UE may determine whether the subframe is the first
section or the fourth section shown in Fig. 14.

If the subframe is a gap section for
measuring the secondary CC (step $304:YES), the
mobile station UE does not perform communication on
the primary component carrier (primary CC) in the
subframe ({(step S306}. That is, the mobile station
UE does not perform uplink transmission and downlink
reception on the primary component carrier (primary
CC) in the subframe. The primary CC corresponds to

the first carrier in the above-mentioned description.

When the secondary CC is not in the de-
activated state in the subframe (step S302:N0), or
when the secondary CC is in a de-activated state in
the subframe and the subframe is not a gap section
for the secondary CC (step 5304:NO), the mobile
station UE performs communication on the primary CC
in the subframe (step S308).

A communicaticn control method in the
radioc base station eNB according to the present
embodiment is described with reference to Fig. 13.

In step S402, the radio base station eNB
determines whether the secondary component carrier
(secondary CC} of the mobile station UE is in a de-
activated state in a corresponding subframe. The
secondary CC corresponds to the second carrier in
the above description.

When the secondary CC of the mobile
station UE is in a de-activated state in the
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subframe (step S402:Yes), the radioc base station eNB
determines whether the subframe is a gap section for
measuring the secondary CC of the mobile station UE
in step S404. Instead of determining whether the
subframe is a gap section for measuring the
secondary CC, the radio base station eNB may
determine whether the subframe is the first section
or the fourth section shown in Fig. 14.

If the subframe is a gap section for
measuring the secondary CC of the mobile station UE
(step S404:YES8), the radio base station eNB does not
perform communication on the primary component
carrier (primary CC)} for the mobile station UE in
the subframe ({step S5406). That is, the radio base
station eNB does not perform downlink transmission
and uplink reception on the primary component
carrier (primary CC) for the mobile station UE in
the subframe. Alternatively, the radio base station
eNB may perform scheduling such that downlink
transmission or uplink reception on the primary CC
for the UE does not occuxr. The primary CC
corresponds to the first carrier in the above-
mentioned description.

When the secondary CC of the mobile
station UE is not in the de-activated state in the
subframe (step S402:NO), or when the secondary CC of
the mobile station UE is in a de-activated state in
the subframe and the subframe is not a gap section
for the secondary CC of the mobile station UE (step
S404:N0O), the radio base station eNB performs
communication on the primary CC for the mobile
station UE in the subframe (step 3408).
Alternatively, the radio base station eNB may
perform downlink or uplink scheduling for the
primary CC on the UE.

A communication control method in the

mobile station UE according to the present
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embodiment is described with reference to Fig. 15.

In step S502, the mobile station UE
determines whether the second carrier is in a de-
activated state in a corresponding subframe. The
second carrier may be the secondary component
carrier.

When the second carrier is in a de-
activated state in the subframe (step S502:YES), the
mobile station UE determines whether the subframe is
the second section of the measurement section for
SCC in step 504.

When the subframe is the second section of
the measurement section for SCC (step S$504:YES), the
mobile station UE performs measurement of the second
carrier and does not perform communication on the
second carrier (step S506). That is, the mobile
station UE performs cell search, measurement, radio
link monitoring or the like on the second carrier in
the subframe, but does not perform uplink
transmission or downlink reception on the second
carrier in the subframe.

When the subframe is not the second
section of the measurement section for SCC (step
S504:N0), the mobile station determines whether the
subframe is the third section of the measurement
section for SCC (step $508)

When the subframe is the third section of
the measurement section for SCC (step $508:YES), the
mobile station UE performs measurement of the second
carrier in the subframe (step $510). That is, the
mobile station UE transmits an uplink signal and
receives a downlink signal using the second carrier
in the subframe.

When the subframe is not the third section
of the measurement section for SCC in step S508
(step 8508:No), the mobile station UE does not

perform either measurement or communication on the
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second carrier in the subframe. The mobile station
UE performs communication on the primary CC (step
5512).

When the second carrier is not in a de-
activated state in the subframe (step 502:N0), the
mobile station UE performs communication on the
second carrier and performs measurement of the
second carrier at a proper frequency (step S514).

A communication control method in the
radio base station eNB according to the present
embodiment is described with reference to Fig. 16.

In step S602, the radio base station eNB
determines whether the second carrier is in a de-
activated state in a corresponding subframe. The
second carrier may be the secondary component
carrier.

When the second carrier is in a de-
activated state in the subframe (step S602:YES), the
radio base station eNB determines whether the
subframe is the third section of the measurement
section for SCC in step 604.

When the subframe is the third section of
the measurement section for SCC (step S604:YES), the
radio base station eNB performs communication on the
second carrier in the subframe (step S606). That is,
the radio base station eNB performs uplink reception
and downlink transmission on the second carrier.

When the subframe is not the third section
of the measurement section for SCC (step S604:No},
the radio base station eNB does not perform
communicaticon on the second carrier in the subframe
(step S608).

When the second carrier is not in a de-
activated state in the subframe (step 602:NO), the
radio base station eNB performs communication on the
second carrier (step S5610).

In the above-mentioned example, operation
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is described in which, when the second carrier is
not activated, the mobile station UE and the radio
base station eNB perform communication on the second
carrier in the third section shown in Fig. 14 or the
section between the two gap sections shown in Figs.
6-9. Instead of this operation, when the second
carrier is not activated, operation may be adopted
in which communication is not performed in the
second carrier. In this case, the mobile station UEB
may perform measurement of the second carrier as
operation on the second carrier in the gap section
shown in Fig. 14 or Figs. 6-9.

In the above-mentioned example, as an
operation of the mobile station UE and the radio
base station eNB, operation is described in which,
in a state where a measurement gap for measuring the
second carrier that is the secondary component
carrier is set, when the secondary component carrier
is activated, the measurement gap is neglected, on
the other hand, when the secondary component carrier
is not activated, communication of the first carrier
is stopped in the gap section of the measurement gap.
Instead of this operation, an operation may be
adopted in which, in a state where a measurement gap
for measuring the second carrier that is the
secondary component carrier is set, when the
secondary component carrier is not in a DRX state,
the measurement gap is neglected, on the other hand,
when the secondary compcnent carrier is in a DRX
state, communication of the first carrier is stopped
in the gap section of the measurement gap.

The measurement gap and on-duration of the
DRX control may be the same. That is, the present
embodiment is not limited to the cases where the
secondary component carrier is in an activated state
/ where the secondary component carrier is in a de-
activated state, and the present embodiment may be
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applied to the cases where the secondary component
carrier is in a non-DRX state / where the secondary
component carrier is in a DRX state. 1In this case,
the sections Bl and B2 shown in Fig. 5 may
correspond to the on-duration, and sections, in
which the mobile station UE switches the center
frequency of the receiver, that accompany before and
after the on-duration. Alternatively, the two
divided gap sections shown in Fig. 6 may correspond
to the sections, in which the mobile station UE
switches the center frequency of the receiver, that
accompany before and after the on-duration, and the
section between the two divided gap sections may
correspond to the on-duration.

Alternatively, the present embodiment is
not limited to the case where the secondary
component carrier is in the activated state or in
the de-activated state, but may be applied to the
case where the secondary component carrier is in a
state in which communications are always performed
or in a state in which communications are
intermittently performed. For example, the state in
which communications are intermittently performed
may include a state where monitoring of control
signals, cell search, or measurement is
intermittently performed and usual data
communications are not performed.

The state which is not in the DRX state
may be called a non-DRX state. The Non-DRX state
may be a state in which a parameter associated with
discontinuous reception control is not configured,
state in which a parameter asscciated with
discontinuous reception control is configured and a
timer for discontinuous reception contrel is in an
operating state, a state in which a parameter
associated with discontinuous reception control is
configured and a scheduling request is in a pending
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state, a state in which a parameter associated with
discontinuous reception control is configured and a
timing for uplink HARQ retransmission is provided,
or a state in which a parameter associated with
discontinuous reception control is configured and a
downlink control signal for initial transmission
destined for the own station is not received after a
random access response for a specified preamble is
receilved. In addition, the DRX state may be a state
other than the Non-DRX state.

Effects of a mobile station UE, a radio
base station eNB, a communication control method in
accordance with this embodiment are described below.

As mentioned above, according to the
present embodiment, in a state where the measurement
gap is set for measuring the second carrier that is
the secondary component carrier, when the secondary
component carrier is activated, deterioration of
throughput due to the measurement gap is avoided by
neglecting the measurement gap, on the other hand,
when the secondary component carrier is not
activated, an event can be avoided in which data to
be transmitted and received is lost in the mobile
station UE by performing measurement of the second
carrier while stopping the communication of the
first carrier in consideration of the measurement
gap.

Although transition between the activated
state and the de—activated state is performed in the
MAC layer for performing control quickly, setting of
the measurement gap is performed in the RRC layer
that is an upper layer of the MAC layer. Therefore,
if setting and release of the measurement gap is
performed according to transition between the
activated state and the de-activated state, the
advantage of the MAC layer control in which control
is performed quickly disappears. That is, setting



10

15

20

25

30

35

—62-

of the measurement gap needs to be performed
irrespective of whether the state is in the
activated state or the de-activated state.

The operations in the mobile station UE
and the radlo base station eNB as described above
may be applied to a mobile station, a radio base
station, and a control station in a system other
than the LTE-Advanced system. For example, the
operations may be applied to a mobile station, a
radio base station, and a control station in an LTE
system, a WCDMA system, & CDMA 2000 system, or a
WiMAX system.

The operations in the mobile station UE
and the radio base station eNB as described above
may be implemented as hardware, a software module
executed by a processor, or a combination of them.

The software module may be stored in a
storage medium of any type, such as a random access
memory (RAM), a flash memory, a read-only memory
({ROM), an erasable programmable ROM (EPROM)}, an
electronically erasable and programmable ROM
(EEPROM), a register, a hard disk, a removable disk,
or a CD-ROM.

The storage medium is connected to a
processor in order for the processor to read and
write information in the storage medium.
Alternatively, the storage medium may be integrated
in the processor. Alternatively, the storage medium
and the processor may be included in an application
specific integrated circuit (ASIC). The ASIC may be
included in a mobile station UE and a radio base
station eNB. Alternatively, the storage medium and
the processor may be included in a mobile station UE
and a radio base station eNB as a discrete component.

While the embodiments of the present
invention have been described in detail, a person
skilled in the art clearly understands that the
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present invention is not limited to the embodiments
described in the specification. The present
invention can be modified or changed without
departing from the intention and the scope of the
present invention defined by the claims. Thus, the
specification is provided for the purpose of
illustration and should not be treated as limiting
the present invention. Thus, the specification is
provided for the purpose of illustration and should
not be treated as limiting the present invention.
The present international application
claims priority based on Japanese patent application
No. 2010-118834, filed in the JPO on May 24, 2010,
and the entire contents of the Japanese patent
application Neo. 2010-118834 are incorporated herein

by reference.

DESCRIPTION OF NOTATIONS

UE mobile station

102 first communicating unit

1022 first downlink receiving unit

102B first uplink transmitting unit

102C first measuring unit

104A second downlink receiving unit

104B second uplink transmitting unit

104C second measuring unit

106 Activation/De-activation control unit
108 gap control unit

eNB radio base station

2022 first downlink transmitting unit

202B first uplink receiving unit

204A second downlink transmitting unit
204B sececnd uplink receiving unit

206 Activation/De~activation control unit
208 gap contrel unit
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CLAIMS

1. A mobile station that communicates with
a radio base station using equal to or greater than
two carriers, wherein the equal to or greater than
two carriers include a first carrier and a second
carrier, the mobile station comprising:

a first communicating unit configured to
perform communication with the first carrier; and

a second carrier measuring unit configured
to perform measurement of the second carrier,

wherein, in a case where a measurement gap
for measuring the second carrier is set, the first
communicating unit is configured

to perform communication with the first
carrier without considering the measurement gap
when the second carrier is activated, and

not to perform communication with the
first carrier in the measurement gap when the second

carrier i1s not activated.

2. The mobile station as claimed in claim

1, wherein, the second carrier measuring unit is
configured

to perform measurement of the second
carrier without using the measurement gap when the
second carrier is activated, and

to perform measurement of the second
carrier using the measurement gap when the second

carrier is not activated.
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3. The mobile station as claimed in claim
1, wherein the measurement gap is a time section
provided to measure a carrier of a different
frequency or a carrier of a different radio
communication system.

4. The mobile station as claimed in claim
l, wherein the measurement gap includes two gap
sections, and the two gap sections are periodically

provided.

5. The meobile station as claimed in claim
1, wherein the first carrier and the second carrier
belong to the same frequency band.

6. A communication control method in a
mobile station that communicates with a radio base
station using equal to or greater than two carriers,
wherein the equal to or greater than two carriers
include a first carrier and a second carrier, the
communication control method comprising:

a first step of performing communication
with the first carrier; and

a second step of performing measurement of
the second carrier,

wherein, in the first step, in a case
where a measurement gap for measuring the second

carrier is set,
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when the second carrier is activated,
the mobile station performs communication with the
first carrier without considering the measurement
gap, and

when the second carrier is not activated,
the mobile station does not perform communication
with the first carrier in the measurement gap.

7. A radioc base station that communicates
with a mobile station using egqual to or greater than
two carriers, wherein the equal to or greater than
two carriers include a first carrier and a second
carrier, the radio base station comprising:

a first communicating unit configured to
perform communication with the first carrier,

wherein, in a case where a measurement gap
for measuring the second carrier is set, the first
communicating unit is configured

to perform communication with the first
carrier without consideration of the measurement gap
when the second carrier is activated, and

not to perform communication with the
first carrier in the measurement gap when the second
carrier is not activated.

8. The radio base station as claimed in
claim 7, wherein the first communicating unit
performs scheduling of uplink and dewnlink such that
communication with the first carrier is not
performed in the measurement gap.



10

15

20

25

30

35

—67~-

S. A communication control method in a
radio base station that communicates with a mobile
station using equal to or greater than two carriers,
wherein the equal to or greater than two carriers
include a first carrier and a second carrier, the
communication control method comprising:

a first step of performing communication
with the first carrier,

wherein, in a case where a measurement gap
for measuring the second carrier is set,

when the second carrier is activated,
the radio base station performs communication with
the first carrier without consideration of the
measurement gap, and

when the second carrier is not activated,
the radio base station does not perform
communication with the first carrier in the

measurement gap.

10. A mobile station that communicates
with a radio base station using equal to or greater
than two carriers, wherein the egual to or greater
than two carriers include a first carrier and a
second carrier, the mobile station comprising:

a first communicating unit configured to
perform communication with the first carrier;

a second communicating unit configured to
perform communication with the second carrier; and

a second carrier activation control unit
configured to perform control on whether the second
carrier is in an activated state or in a de-
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activated state,
wherein, when the second carrier is in the
de—-activated state, an ON section is set for the

second carrier.

11. The mobile station as claimed in claim
10, wherein the ON section includes:

a first section that is set in a section
of a temporally head part in the ON section:

a second section that is set temporally
next to the first section in the ON section;

a third section that is set temporally
next to the second section in the ON section; and

a fourth section that is set temporally
next to the third section in the ON section,

wherein the second communicating unit is
configured to perform measurement for the second
carrier in the second section.

12. The mobile station as claimed in

claim 10, wherein the ON section includes:

a first section that is set in a section
of a temporally head part in the ON section:;

a second section that is set temporally
next to the first section in the ON section:;

a third section that is set temporally
next to the second section in the ON section; and

a fourth section that is set temporally
next to the third section in the ON section,

wherein the second communicating unit is

configured
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to perform uplink signal transmission on
the second carrier in the third section, and
not to perform uplink signal transmission
on the second carrier in the first section, the
5 second secticn and the fourth section.
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