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(57) ABSTRACT

A base station is used for a mobile communication system
that supports a dual connectivity. The base station includes a
controller configured to establish an RRC connection with a
user terminal, and to perform a mobility control in the dual
connectivity.
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MOBILE COMMUNICATION SYSTEM AND
USER TERMINAL

CROSS REFERENCE

[0001] The entire contents of U.S. Provisional Application
No. 61/808,794 (filed on Apr. 5, 2013), U.S. Provisional
Application No. 61/864,186 (filed on Aug. 9, 2013), and U.S.
Provisional Application No. 61/934,241 (filed on Jan. 31,
2014) are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a mobile commu-
nication system that supports a dual connectivity.

BACKGROUND ART

[0003] In3GPP (3rd Generation Partnership Project) which
is a project aiming to standardize a mobile communication
system, introduction of a dual connectivity has been dis-
cussed (see Non-patent document 1).

[0004] The dual connectivity is a scheme in which a user
terminal establishes a pair of connections with a pair of cells
which is a combination of cells managed by different base
stations.

PRIOR ART DOCUMENT

Non-Patent Document

[0005] Non-patent document 1: 3GPP Contribution
RP-122033
SUMMARY
[0006] However, in the current situation, there is a problem

that there is no mechanism for appropriately controlling the
dual connectivity.

[0007] Therefore, the present disclosure provides a mobile
communication system capable of appropriately controlling
the dual connectivity.

BRIEF DESCRIPTION OF DRAWINGS

[0008] FIG.1 is a configuration diagram of an LTE system
according to a first embodiment and a second embodiment.
[0009] FIG.2isablockdiagram of UE according to the first
embodiment and the second embodiment.

[0010] FIG. 3 is a block diagram of eNB according to the
first embodiment and the second embodiment.

[0011] FIG. 4 is a protocol stack diagram of a radio inter-
face in the LTE system.

[0012] FIG. 5 is a configuration diagram of a radio frame
used in the LTE system.

[0013] FIG. 6 is a diagram illustrating an operation envi-
ronment according to the first embodiment and the second
embodiment.

[0014] FIG. 7 is a sequence diagram of an operation pattern
1-1 according to the first embodiment.

[0015] FIG. 8is a sequence diagram of an operation pattern
1-2 according to the first embodiment.

[0016] FIG.9isasequencediagramofamodification of the
operation pattern 1-2 according to the first embodiment.
[0017] FIG. 10 is a sequence diagram of an operation pat-
tern 2-1 according to the first embodiment.

[0018] FIG. 11 is a sequence diagram of an operation pat-
tern 2-2 according to the first embodiment.
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[0019] FIG. 12 is a sequence diagram of a modification of
the operation pattern 2-2 according to the first embodiment.

[0020] FIG. 13 is a diagram illustrating an operation envi-
ronment according to a first modification of the second
embodiment.

[0021] FIG. 14 is a sequence diagram illustrating an opera-
tion sequence according to the first modification of the second
embodiment.

[0022] FIG. 15is a sequence diagram illustrating an opera-
tion sequence according to a second modification of the sec-
ond embodiment.

[0023] FIG. 16 is a sequence diagram illustrating an opera-
tion sequence according to a third modification of the second
embodiment.

[0024] FIG. 17 is a sequence diagram illustrating an opera-
tion sequence according to a fourth modification of the sec-
ond embodiment.

[0025] FIG. 18 is a diagram illustrating an operation envi-
ronment according to other embodiments.

[0026] FIG. 19 is a diagram according to an additional
statement 3 of embodiments.

DESCRIPTION OF EMBODIMENTS

Overview of Embodiments

[0027] A mobile communication system according to
embodiments supports a dual connectivity. The mobile com-
munication system comprises: a first base station that estab-
lishes an RRC connection with a user terminal, and performs
a mobility control in the dual connectivity; and a second base
station that is adjacent to the first base station. The first base
station transmits, to the second base station, an allocation
request requesting additional radio resources for the user
terminal when the first base station decides to start the dual
connectivity.

[0028] In the embodiments, the second base station trans-
mits a response to the first base station in accordance with a
reception ofthe establishment request, the response including
information on a random access channel to be used for per-
forming a random access to the second base station by the
user terminal.

[0029] In the embodiments, upon receiving the response,
the first base station transmits, to the second base station,
context information on the user terminal and configuration
parameters in the first base station.

[0030] A mobile communication system according to
embodiments supports a dual connectivity. The mobile com-
munication system comprises: a first base station that estab-
lishes an RRC connection with a user terminal, and performs
a mobility control in the dual connectivity; and a second base
station that is adjacent to the first base station, and allocates
additional radio resources to the user terminal during the dual
connectivity. The first base station transmits, to the second
base station, a release request requesting a release of the
additional radio resources when the first base station decides
to end the dual connectivity.

[0031] In the embodiments, upon receiving the release
request, the second base station transmits, to the first base
station, a release notification for notifying release of the addi-
tional radio resources. After a transmission of the release
notification, the second base station transmits, to the first base
station, data that the second base station has not transmitted to
the user terminal.
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[0032] A mobile communication system according to
embodiments supports a dual connectivity. The mobile com-
munication system comprises: a first base station that estab-
lishes an RRC connection with a user terminal, and performs
a mobility control in the dual connectivity; and a second base
station that is adjacent to the first base station, and allocates
additional radio resources to the user terminal during the dual
connectivity. The second base station queries the first base
station regarding a feasibility of release of the additional radio
resources when the second base station decides to end the
dual connectivity.

[0033] In the embodiments, the second base station trans-
mits, to the first base station, a release notification for the
additional radio resources when the first base station allows
the release of the additional radio resources. After a transmis-
sion of the release notification, the second base station trans-
mits, to the first base station, data that the second base station
has not transmitted to the user terminal.

[0034] A mobile communication system according to
embodiments supports a dual connectivity. The mobile com-
munication system comprises: a first base station that estab-
lishes an RRC connection with a user terminal, and performs
a mobility control in the dual connectivity; and a second base
station that is adjacent to the first base station, and allocates
additional radio resources to the user terminal during the dual
connectivity. The second base station releases the additional
radio resources and transmits, to the first base station, a noti-
fication indicating that an allocation of the additional radio
resources can’t be maintained, when the second base station
decides that the allocation of the additional radio resources
has to be ended.

[0035] Inthe embodiments, after a transmission of the noti-
fication, the second base station transmits, to the first base
station, data that the second base station has not transmitted to
the user terminal.

[0036] A mobile communication system according to
embodiments supports a dual connectivity. The mobile com-
munication system comprises: a first base station that estab-
lishes an RRC connection with a user terminal, and performs
a mobility control in the dual connectivity; and a second base
station that is adjacent to the first base station, and allocates
additional radio resources to the user terminal during the dual
connectivity. The second base station transmits, to the first
base station, a release notification indicating a release of the
additional radio resources when the second base station
decides to end the dual connectivity based on a measurement
report from the user terminal.

[0037] A mobile communication system according to
embodiments supports a dual connectivity. The mobile com-
munication system comprises: a first base station that estab-
lishes an RRC connection with a user terminal, and performs
a mobility control in the dual connectivity; and a second base
station that is adjacent to the first base station, and allocates
additional radio resources to the user terminal during the dual
connectivity. The user terminal transmits a first CQI report to
the first base station and a second CQI report to the second
base station during the dual connectivity.

[0038] A mobile communication system according to
embodiments supports a dual connectivity. The mobile com-
munication system comprises: a first base station that per-
forms a mobility control in the dual connectivity; and a sec-
ond base station that is adjacent to the first base station. The
second base station transmits broadcast information for pro-
hibiting the user terminal that supports the dual connectivity
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from camping on a cell of the second base station. The user
terminal that is in an idle state camps on a cell of the first base
station without camping on the cell of the second base station,
based on the broadcast information.

[0039] In the embodiments, the broadcast information is
information indicating a specific access class. The user ter-
minal decides that camping on the cell of the second base
station is prohibited when an access class of the user terminal
is the specific access class.

[0040] In the embodiments, the broadcast information is
information indicating an access regulation for a user termi-
nal conforming to a specific release that supports the dual
connectivity. The user terminal decides that camping on the
cell of the second base station is prohibited when the release
to which the user terminal conforms is the specific release and
when the user terminal supports the dual connectivity.

[0041] A mobile communication system according to
embodiments supports a dual connectivity. The mobile com-
munication system comprises: a first base station that per-
forms a mobility control in the dual connectivity; and a sec-
ond base station that is adjacent to the first base station. The
user terminal that is camping on a cell of the second base
station in an idle state establishes a connection with the first
base station after re-selecting a cell of the first base station,
when starting communication in which the dual connectivity
should be applied.

[0042] A mobile communication system according to
embodiments comprises: a base station that manages a cell;
and a user terminal that support a dual connectivity with cells
belonging to different frequencies. The user terminal trans-
mits capability information indicating a frequency band for
which the user terminal can use in the dual connectivity. The
base station determines whether to apply the dual connectiv-
ity to the user terminal based on the capability information.

[0043] A mobile communication system according to
embodiments supports a dual connectivity. The mobile com-
munication system comprises: a first base station that estab-
lishes an RRC connection with a user terminal, and performs
a mobility control in the dual connectivity; and a second base
station that is adjacent to the first base station, and allocates
additional radio resources to the user terminal during the dual
connectivity. The first base station decides a splitting mode of
traffic of the user terminal, before starting the dual connec-
tivity or during an execution of the dual connectivity.

[0044] A mobile communication system according to
embodiments supports a dual connectivity. The mobile com-
munication system comprises: a first base station that estab-
lishes an RRC connection with a user terminal, and performs
a mobility control in the dual connectivity; and a second base
station that is adjacent to the first base station, and allocates
additional radio resources to the user terminal during the dual
connectivity. The first base station instruct a start of the dual
connectivity to the user terminal when starting the dual con-
nectivity.

[0045] A userterminal according to embodiments supports
a dual connectivity scheme in which connections with a plu-
rality of cells managed by different base stations are estab-
lished simultaneously. The user terminal comprises: a con-
troller configured to perform a cell reselection for selecting a
serving cell of the user terminal in an idle state. The plurality
of cells include a first cell and a second cell, the second cell
having a coverage narrower than a coverage of the first cell.
The controller performs a cell reselection control for select-
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ing the first cell as the serving cell without selecting the
second cell as the serving cell.

[0046] Inthe embodiments, the user terminal further com-
prises: a receiver configured to receive control information
used for the cell reselection control, from the first cell or the
second cell. The first cell belongs to a first frequency, and the
second cell belongs to a second frequency. The control infor-
mation is information for relatively lowering a priority of the
second frequency than a priority of the first frequency in the
cell reselection. The controller performs the cell reselection
control on the basis of the control information.

[0047] In the embodiments, the controller notifies the first
cell of capability information indicating that the user terminal
supports the dual connectivity scheme, in a case where the
RRC connection is established with the first cell. The receiver
receives the control information transmitted in unicast from
the first cell to the user terminal.

[0048] Inthe embodiments, the user terminal comprises: a
receiver that receives broadcast information used for the cell
reselection control from the second cell. The broadcast infor-
mation is information indicating an access restriction on a
user terminal that supports the dual connectivity scheme. The
controller performs the cell reselection control based on the
broadcast information.

[0049] In the embodiments, the controller performs a pro-
cess for establishing a connection with the second cell irre-
spective of the access restriction, when the user terminal is
controlled to establish the connection with the second cell
from the first cell after establishing the RRC connection with
the first cell.

[0050] In the embodiments, the controller acquires a list
that includes an identifier of the second cell, from a network
including the plurality of cells. The controller performs the
cell reselection control based on the list.

[0051] Inthe embodiments, the cell reselection control is a
control that prohibits a selection of the second cell as the
serving cell.

[0052] Inthe embodiments, the cell reselection control is a
control that relatively lowers a priority of the second cell than
a priority of the first cell in the cell reselection.

[0053] Inthe embodiments, the user terminal comprises: a
receiver that receives broadcast information used for the cell
reselection control from the second cell. The broadcast infor-
mation is information indicating a cell type of a cell from
which the broadcast information is transmitted. The control-
ler performs the cell reselection control on the basis of the
broadcast information.

[0054] Inthe embodiments, the cell reselection control is a
control that prohibits a selection of the second cell as the
serving cell.

[0055] Inthe embodiments, the cell reselection control is a
control that relatively lowers a priority of the second cell than
a priority of the first cell in the cell reselection.

[0056] A communication control method according to
embodiments comprises a step of performing, by a user ter-
minal supporting a dual connectivity scheme in which con-
nections with a plurality of cells managed by different base
stations are established simultaneously, a cell reselection for
selecting a serving cell of the user terminal in an idle state.
The plurality of cells include a first cell and a second cell, the
second cell having a coverage narrower than a coverage of the
first cell. The step of performing the cell reselection com-
prises a step of performing a cell reselection control for
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selecting the first cell as the serving cell without selecting the
second cell as the serving cell.

[0057] A processor according to embodiments is provided
with a user terminal supporting a dual connectivity scheme in
which connections with a plurality of cells managed by dif-
ferent base stations are established simultaneously. The pro-
cessor executes a step of performing a cell reselection for
selecting a serving cell of the user terminal in an idle state.
The plurality of cells include a first cell and a second cell, the
second cell having a coverage narrower than a coverage of the
first cell. The step of performing the cell reselection com-
prises a step of performing a cell reselection control for
selecting the first cell as the serving cell without selecting the
second cell as the serving cell.

First Embodiment

[0058] Hereinafter, with reference to the accompanying
drawings, an embodiment will be described in a case where
the present disclosure is applied to LTE (Long Term Evolu-
tion) standardized by 3GPP.

[0059] (Configuration of LTE System)

[0060] FIG. 1 is a configuration diagram of an LTE system
according to a first embodiment. As illustrated in FIG. 1, the
LTE system includes a plurality of UEs (User Equipments)
100, E-UTRAN (Evolved-UMTS Terrestrial Radio Access
Network) 10, and EPC (Evolved Packet Core) 20. The E-UT-
RAN 10 corresponds to a radio access network and the EPC
20 corresponds to a core network. The E-UTRAN 10 and the
EPC 20 constitute a network of the LTE system.

[0061] The UE 100 is a mobile communication device and
performs radio communication with a cell (a serving cell)
with which a connection is established. The UE 100 corre-
sponds to the user terminal.

[0062] The E-UTRAN 10 includes a plurality of eNBs 200
(evolved Node-Bs). The eNB 200 corresponds to the base
station. The eNB 200 manages one or a plurality of cells and
performs radio communication with the UE 100 which estab-
lishes a connection with the cell of the eNB 200. It is noted
that the “cell” is used as a term indicating a minimum unit of
a radio communication area, and is also used as a term indi-
cating a function of performing radio communication with
the UE 100.

[0063] The eNB 200, for example, has a radio resource
management (RRM) function, a routing function for user
data, and a measurement control function for mobility control
and scheduling.

[0064] The EPC 20 includes a plurality of MME (Mobility
Management Entity)/S-GWs (Serving-Gateways) 300. The
MME is a network node that performs various mobility con-
trols and the like for the UE 100 and corresponds to a con-
troller. The S-GW is a network node that performs control to
transfer user data and corresponds to a mobile switching
center. The EPC 20 including the MME/S-GW 300 accom-
modates the eNB 200.

[0065] The eNBs 200 are connected mutually via an X2
interface. Furthermore, the eNB 200 is connected to the
MME/S-GW 300 via an S1 interface.

[0066] Next, the configurations of the UE 100 and the eNB
200 will be described.

[0067] FIG. 2 is a block diagram of the UE 100. As illus-
trated in FIG. 2, the UE 100 includes an antenna 101, a radio
transceiver 110, a user interface 120, a GNSS (Global Navi-
gation Satellite System) receiver 130, a battery 140, a
memory 150, and a processor 160. The memory 150 and the
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processor 160 constitute a controller. The UE 100 may not
have the GNSS receiver 130. Furthermore, the memory 150
may be integrally formed with the processor 160, and this set
(that is, a chip set) may be called a processor 160'.

[0068] The antenna 101 and the radio transceiver 110 are
used to transmit and receive a radio signal. The radio trans-
ceiver 110 converts a baseband signal (a transmission signal)
output from the processor 160 into the radio signal and trans-
mits the radio signal from the antenna 101. Furthermore, the
radio transceiver 110 converts a radio signal received by the
antenna 101 into a baseband signal (a received signal), and
outputs the baseband signal to the processor 160.

[0069] The user interface 120 is an interface with a user
carrying the UE 100, and includes, for example, a display, a
microphone, a speaker, various buttons and the like. The user
interface 120 accepts an operation from a user and outputs a
signal indicating the content of the operation to the processor
160. The GNSS receiver 130 receives a GNSS signal in order
to obtain location information indicating a geographical loca-
tion of the UE 100, and outputs the received signal to the
processor 160. The battery 140 accumulates power to be
supplied to each block of the UE 100.

[0070] The memory 150 stores a program to be executed by
the processor 160 and information to be used for a process by
the processor 160. The processor 160 includes a baseband
processor that performs modulation and demodulation,
encoding and decoding and the like on the baseband signal,
and CPU (Central Processing Unit) that performs various
processes by executing the program stored in the memory
150. The processor 160 may further include a codec that
performs encoding and decoding on sound and video signals.
The processor 160 executes various processes and various
communication protocols described later.

[0071] FIG. 3 is a block diagram of the eNB 200. As illus-
trated in FIG. 3, the eNB 200 includes an antenna 201, a radio
transceiver 210, a network interface 220, a memory 230, and
a processor 240. The memory 230 and the processor 240
constitute a controller.

[0072] The antenna 201 and the radio transceiver 210 are
used to transmit and receive a radio signal. The radio trans-
ceiver 210 converts a baseband signal (a transmission signal)
output from the processor 240 into the radio signal and trans-
mits the radio signal from the antenna 201. Furthermore, the
radio transceiver 210 converts a radio signal received by the
antenna 201 into a baseband signal (a received signal), and
outputs the baseband signal to the processor 240.

[0073] Thenetwork interface 220 is connected to the neigh-
boring eNB 200 via the X2 interface and is connected to the
MME/S-GW 300 via the S1 interface. The network interface
220 is used in communication over the X2 interface and
communication over the S1 interface.

[0074] The memory 230 stores a program to be executed by
the processor 240 and information to be used for a process by
the processor 240. The processor 240 includes a baseband
processor that performs modulation and demodulation,
encoding and decoding and the like on the baseband signal
and CPU that performs various processes by executing the
program stored in the memory 230. The processor 240
executes various processes and various communication pro-
tocols described later.

[0075] FIG. 4 is a protocol stack diagram of a radio inter-
face in the LTE system. As illustrated in FIG. 4, the radio
interface protocol is classified into a layer 1to a layer 3 of an
OSlI reference model, wherein the layer 1 is a physical (PHY)
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layer. The layer 2 includes a MAC (Media Access Control)
layer, an RLC (Radio Link Control) layer, and a PDCP
(Packet Data Convergence Protocol) layer. The layer 3
includes an RRC (Radio Resource Control) layer.

[0076] The PHY layer performs encoding and decoding,
modulation and demodulation, antenna mapping and demap-
ping, and resource mapping and demapping. Between the
PHY layer of the UE 100 and the PHY layer of the eNB 200,
data is transmitted via the physical channel.

[0077] The MAC layer performs priority control of data, a
retransmission process by hybrid ARQ (HARQ), and the like.
Between the MAC layer of the UE 100 and the MAC layer of
the eNB 200, data is transmitted via a transport channel. The
MAC layer of the eNB 200 includes a transport format of an
uplink and a downlink (a transport block size and a modula-
tion and coding scheme (MCS)) and a scheduler that decides
a resource block to be assigned.

[0078] The RLC layer transmits data to an RL.C layer of a
reception side by using the functions of the MAC layer and
the PHY layer. Between the RLC layer of the UE 100 and the
RLC layer of the eNB 200, data is transmitted via a logical
channel.

[0079] The PDCP layer performs header compression and
decompression, and encryption and decryption.

[0080] The RRC layer is defined only in a control plane.
Between the RRC layer of the UE 100 and the RRC layer of
the eNB 200, a control message (an RRC message) for vari-
ous types of configuration is transmitted. The RRC layer
controls the logical channel, the transport channel, and the
physical channel in response to establishment, re-establish-
ment, and release of a radio bearer. When there is an RRC
connection between the RRC of the UE 100 and the RRC of
the eNB 200, the UE 100 is in a connected state (an RRC
connected state), otherwise the UE 100 is in an idle state (an
RRC idle state).

[0081] A NAS (Non-Access Stratum) layer positioned
above the RRC layer performs a session management, a
mobility management and the like.

[0082] FIG. 5 is a configuration diagram of a radio frame
used in the LTE system. In the LTE system, OFDMA (Or-
thogonal Frequency Division Multiplexing Access) is applied
to a downlink, and SC-FDMA (Single Carrier Frequency
Division Multiple Access) is applied to an uplink, respec-
tively.

[0083] As illustrated in FIG. 5, the radio frame is config-
ured by 10 subframes arranged in a time direction, wherein
each subframe is configured by two slots arranged in the time
direction. Each subframe has a length of 1 ms and each slot
has a length of 0.5 ms. Each subframe includes a plurality of
resource blocks (RBs) in a frequency direction, and a plural-
ity of symbols in the time direction. The resource block
includes a plurality of subcarriers in the frequency direction.
Among radio resources assigned to the UE 100, a frequency
resource can be specified by a resource block and a time
resource can be specified by a subframe (or slot).

[0084] Inthe downlink, aninterval of several symbols at the
head of each subframe is a control region used as a physical
downlink control channel (PDCCH) for mainly transmitting a
control signal. Furthermore, the other interval of each sub-
frame is a region available as a physical downlink shared
channel (PDSCH) for mainly transmitting user data.

[0085] Intheuplink, both ends in the frequency direction of
each subframe are control regions used as a physical uplink
control channel (PUCCH) for mainly transmitting a control
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signal. Furthermore, the central portion in the frequency
direction of each subframe is a region available as a physical
uplink shared channel (PUSCH) for mainly transmitting user
data.

[0086]

[0087] The LTE system according to the first embodiment
supports a dual connectivity. The dual connectivity is a
scheme in which the UE 100, establish a pair of connections
with a pair of cells which is a combination of cells managed
by different eNBs 200.

[0088] In the dual connectivity, one of the eNBs 200 per-
forms mobility control (Mobility management) of the UE
100. That is, the one eNB 200 establishes an RRC connection
with the UE 100 and performs handover control and the like
for the UE 100. The other eNB 200 does not perform mobility
control of the UE 100. The other eNB 200 does not necessar-
ily establish an RRC connection with the UE 100. It may
suffice that the other eNB 200 establishes a connection as far
as the MAC layer or a connection as far as the RLC layer (an
L2 connection), with the UE 100.

[0089] Inthe dual connectivity, a radio resource is assigned
to the UE 100 from the each cell of the pair of cells. That is,
each of the eNBs 200, which manages the pair of cells, per-
forms scheduling of the radio resource for the UE 100.

[0090]

[0091] Hereinafter, an operation according to the first
embodiment will be described. FIG. 6 is a diagram illustrat-
ing an operation environment according to the first embodi-
ment.

[0092] Asillustrated in FIG. 6, eNB 200-1 manages a large
cell. The large cell is a general cell in the LTE system, and is
called a macro cell. The eNB 200-1 corresponds to the first
base station, and the large cell corresponds to the first cell. In
the dual connectivity, the eNB 200-1 performs mobility con-
trol of the UE 100.

[0093] eNB 200-2 that is adjacent to the eNB 200-1 man-
ages a small cell. The small cell is a cell having a smaller
coverage than the large cell, and is called a pico cell or a femto
cell. The eNB 200-2 may also be ahome base station (HeNB).
The eNB 200-2 corresponds to the second base station, and
the small cell corresponds to the second cell. In the dual
connectivity, the eNB 200-2 does not perform mobility con-
trol of the UE 100.

[0094] The small cell is provided within the coverage area
of'the large cell. Further, the small cell belongs to a frequency
that is different from a frequency to which the large cell
belongs.

[0095] The UE 100 supports a dual connectivity with a pair
of cells which belong to different frequencies (Inter-fre-
quency dual connectivity). Thus, the UE 100 can establish a
first connection with the eNB 200-1 and establish a second
connection with the eNB 200-2 to perform the dual connec-
tivity (Inter-frequency dual connectivity). Hereinafter, it is
assumed that the “dual connectivity” means the Inter-fre-
quency dual connectivity.

[0096] Subsequently, operation patterns 1 and 2 according
to the first embodiment will be described. The operation
pattern 1 is an operation pattern in which, first of all, the UE
100 establishes the first connection with the eNB 200-1. In
contrast, the operation pattern 2 is an operation pattern in
which, first of all, the UE 100 establishes the second connec-
tion with the eNB 200-2.

(Dual Connectivity)

(Operation According to First Embodiment)
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[0097] (a) Operation Pattern 1-1

[0098] FIG.7 is a sequence diagram of an operation pattern
1-1 according to the first embodiment. In the operation pat-
tern 1-1, the eNB 200-2 does not perform the RRM (Radio
Resource Management) of the UE 100.

[0099] As illustrated in FIG. 7, in step S101, the UE 100
establishes the first connection (an RRC connection) with the
eNB 200-1. As a result, the UE 100 shifts from an idle state
(RRC idle state) to a connected state (RRC connected state).
[0100] In step S102, the eNB 200-1 performs the RRM of
the UE 100. Specifically, measurement for the mobility con-
trol of the UE 100 is controlled.

[0101] In step S103, the UE 100 transmits a measurement
report to the eNB 200-1 under the control of the eNB 200-1.
The measurement report includes each of measurement
results of the serving cell of the UE 100 (the large cell) and a
neighboring cell (the small cell). The measurement result
includes received power of a reference signal and the like.
[0102] Instep S104, the eNB 200-1 decides whether or not
to start a dual connectivity based on the measurement report
from the UE 100. For example, the eNB 200-1 decides to start
the dual connectivity when each of the measurement results
of the cell of the eNB 200-1 and the neighboring cell (the
small cell) exceeds a threshold value. Hereinafter, a descrip-
tion will be given on the assumption that it is decided to start
the dual connectivity.

[0103] In step S105, the eNB 200-1 transmits, to the eNB
200-2, an establishment request (a Dual connectivity request)
requesting to establish the second connection with the UE
100.

[0104] In step S106, upon receiving the establishment
request (the Dual connectivity request), the eNB 200-2 trans-
mits, to the eNB 200-1, a positive response (ACK) to the
establishment request. The positive response includes infor-
mation on a random access channel (RACH information) that
should be used at the time of establishing the second connec-
tion. The establishment request corresponds to an allocation
request for additional radio resources.

[0105] In step S107, upon receiving the positive response
(the ACK), the eNB 200-1 transmits, to the eNB 200-2, con-
text information of the UE 100 (UE context) and configura-
tion parameters (an AS configuration) in the eNB 200-1.
[0106] Instep S108, the eNB 200-1 transmits configuration
information (an RRC reconfiguration), which is used by the
UE 100 in order to establish the second connection with the
eNB 200-2, to the UE 100. Here, the eNB 200-1 transmits the
RACH information received from the eNB 200-2 in the con-
figuration information (the RRC reconfiguration).

[0107] Instep S109, the UE 100 performs a random access
(RACH) process to the eNB 200-2 based on the configuration
information (the RRC reconfiguration) received from the
eNB 200-1.

[0108] Instep S110, the UE 100 and the eNB 200-2 estab-
lish the second connection (for example, the .2 connection).
As aresult, the dual connectivity is started. In the dual con-
nectivity, the UE 100 can communicate with each ofthe eNBs
200-1 and 200-2, and thus, it is possible to achieve high
throughput.

[0109] Instep S111, the UE 100 transmits a measurement
report to the eNB 200-1 under the control of the eNB 200-1.
The measurement report includes each of measurement
results of the serving cell of the UE 100 (the large cell) and a
neighboring cell (the small cell).
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[0110] Instep S112, the eNB 200-1 decides whether or not
to end the dual connectivity based on the measurement report
received from the UE 100. For example, the eNB 200-1
decides to end the dual connectivity when the measurement
result of the neighboring cell (the small cell) falls short of a
threshold value. Hereinafter, a description will be given on
the assumption that it is decided to end the dual connectivity.
[0111] In step S113, the eNB 200-1 transmits, to the eNB
200-2, a release decision notification (Dual connectivity
release) notifying the decision of release of the second con-
nection with the UE 100. The release decision notification
corresponds to release request for additional radio resources.
[0112] In step S114, upon receiving the release decision
notification (the Dual connectivity release), the eNB 200-2
transmits, to the eNB 200-1, a release notification (Release
Complete) of the second connection. Here, along with the
release notification (or after the release notification), the eNB
200-2 transmits (transfers), to the eNB 200-1, the data that the
eNB 200-2 has not transmitted to the UE 100. The eNB 200-1
will transmit the non-transmitted data to the UE 100.

[0113] Instep S115, uponreceiving the release notification
(Release Complete), the eNB 200-1 transmits configuration
information (an RRC reconfiguration), which is used by the
UE 100 in order to release the second connection with the
eNB 200-2, to the UE 100.

[0114] (b) Operation Pattern 1-2

[0115] FIG. 8is a sequence diagram of an operation pattern
1-2 according to the first embodiment. In the operation pat-
tern 1-2, the eNB 200-2 performs the RRM of the UE 100.
[0116] As illustrated in FIG. 8, steps S201 to S207 are
similar to steps S101 to S107 of the operation pattern 1-1.
[0117] In step S208, the eNB 200-1 transmits instruction
information (RACH initiation), which is used by the UE 100
in order to establish the second connection with the eNB
200-2, to the UE 100. Here, the eNB 200-1 transmits the
RACH information received from the eNB 200-2 in the
instruction information (RACH initiation).

[0118] In step S209, the UE 100 performs the random
access (RACH) process to the eNB 200-2 based on the
instruction information (RACH initiation) received from the
eNB 200-1.

[0119] Instep S210, the UE 100 and the eNB 200-2 estab-
lish the second connection (the RRC connection). As a result,
the dual connectivity is started. In the dual connectivity, the
UE 100 can communicate with each of the eNBs 200-1 and
200-2, and thus, it is possible to achieve high throughput.
[0120] In step S211, the eNB 200-2 performs the RRM of
the UE 100. Specifically, measurement for deciding whether
or not the second connection (the RRC connection) should be
maintained, that is, whether or not the dual connectivity
should be ended is controlled.

[0121] In step S212, the UE 100 transmits a measurement
report (a second measurement report) to the eNB 200-2 under
the control of the eNB 200-2. The second measurement report
includes the measurement result of the cell of eNB 200-2 (the
small cell).

[0122] Then, in step S213, the UE 100 transmits a measure-
ment report (a first measurement report) to the eNB 200-1
under the control of the eNB 200-1. The first measurement
report includes each of measurement results of the serving
cell of the UE 100 (the large cell) and a neighboring cell (the
small cell). That is, the first measurement report is used in the
mobility control of the UE 100 in the eNB 200-1.
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[0123] Instep S214, the UE 100 transmits a measurement
report (the second measurement report) to the eNB 200-2
under the control of the eNB 200-2. The second measurement
report includes the measurement result of the cell of eNB
200-2 (the small cell). That is, the second measurement report
is used in deciding whether or not to end the dual connectivity
in the eNB 200-2.

[0124] Instep S215, the eNB 200-2 decides whether or not
to end a dual connectivity based on the second measurement
report received from the UE 100. For example, the eNB 200-2
decides to end the dual connectivity when the measurement
result of the cell of the eNB 200-1 (the small cell) falls short
of a threshold value. Hereinafter, a description will be given
on the assumption that it is decided to end the dual connec-
tivity.

[0125] In step S216, the eNB 200-2 inquires of the eNB
200-1 about the feasibility of release of the second connection
with the UE 100.

[0126] Instep S217, upon receiving the inquiry (Dual con-
nectivity release) from the eNB 200-2, the eNB 200-1 trans-
mits, to the eNB 200-2, a positive response (a Release ACK).
[0127] In step S218, upon receiving the positive response
(the Release ACK) from the eNB 200-1, the eNB 200-2
releases the second connection with the UE 100.

[0128] In step S219, the eNB 200-2 transmits, to the eNB
200-1, a release notification (a Release Complete) of the
second connection. Here, along with the release notification
(or after the release notification), the eNB 200-2 transmits
(transfers), to the eNB 200-1, the data that the eNB 200-2 has
not transmitted to the UE 100. The eNB 200-1 will transmit
the non-transmitted data to the UE 100.

[0129] In step S220, the eNB 200-1 maintains the first
connection with the UE 100.

[0130] It is noted that the processes after step S218 can be
changed as follows.

[0131] FIG.9isasequence diagram of a modification of the
operation pattern 1-2 according to the first embodiment.
[0132] As illustrated in FIG. 9, after transmitting the posi-
tive response (the Release ACK) to the eNB 200-2, the eNB
200-1 transmits, to the UE 100, a release request (the RRC
reconfiguration) of the second connection (step S318). Then,
upon receiving the release request (the RRC reconfiguration)
from the eNB 200-1, the UE 100 releases the second connec-
tion (step S320). The other operations are similar to those of
the operation pattern 1-2.

[0133] Alternatively, the eNB 200-2 may release the sec-
ond connection without inquiring (dual connectivity release)
of the eNB 200-1. Specifically, the eNB 200-2 transmits, to
the eNB 200-1, the release notification (the Release Com-
plete) of the second connection after releasing the second
connection, when deciding to end the dual connectivity based
on the measurement report (the second measurement report)
received from the UE 100. At this time, along with the release
notification (or after the release notification), the eNB 200-2
transmits, to the eNB 200-1, the data that the eNB 200-2 has
not transmitted to the UE 100.

[0134] Alternatively, the eNB 200-2 transmits, to the eNB
200-1, the release decision notification (the Dual connectivity
release) of the second connection without releasing the sec-
ond connection, when deciding to end the dual connectivity
based on the measurement report (the second measurement
report) received from the UE 100. Upon receiving the release
decision notification from the eNB 200-2, the eNB 200-1
transmits, to the UE 100, a release request (an RRC recon-
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figuration) of the second connection. Upon receiving the
release request from the eNB 200-1, the UE 100 releases the
second connection.

[0135] (c) Operation Pattern 2-1

[0136] FIG. 10 is a sequence diagram of an operation pat-
tern 2-1 according to the first embodiment.

[0137] As illustrated in FIG. 10, in step S401, the UE 100
establishes the second connection (the RRC connection) with
the eNB 200-2. As aresult, the UE 100 shifts from anidle state
(RRC idle state) to a connected state (RRC connected state).
[0138] In step S402, the eNB 200-2 performs the RRM of
the UE 100. Specifically, measurement for the mobility con-
trol of the UE 100 is controlled.

[0139] In step S403, the UE 100 transmits a measurement
report to the eNB 200-2 under the control of the eNB 200-2.
The measurement report includes each of measurement
results of the serving cell of the UE 100 (the small cell) and a
neighboring cell (the large cell).

[0140] In step S404, the eNB 200-2 decides to transfer the
measurement report to the eNB 200-1 based on the measure-
ment report received from the UE 100. The eNB 200-2 may
decide to transfer the measurement report to the eNB 200-1,
when a condition under which a dual connectivity can be
started, for example, a condition where each of the measure-
ment results of the cell of the eNB 200-2 and the neighboring
cell (the large cell) exceeds a threshold value, is satisfied.
[0141] In step S405, the eNB 200-2 transfers, to the eNB
200-1, the measurement report received from the UE 100.
[0142] Instep S406, the eNB 200-1 decides whether or not
to start a dual connectivity based on the measurement report
transferred from the eNB 200-2. For example, the eNB 200-1
decides to start the dual connectivity when each of the mea-
surement results of the cell of the eNB 200-1 (the large cell)
and the neighboring cell (the small cell) exceeds a threshold
value. Hereinafter, a description will be given on the assump-
tion that it is decided to start the dual connectivity.

[0143] In step S407, the eNB 200-1 transmits, to the eNB
200-2, a start notification of the dual connectivity (Dual con-
nectivity available). A handover procedure for the UE 100 to
the eNB 200-1 is triggered by the start notification (Dual
connectivity available).

[0144] In step S408, upon receiving the start notification
(Dual connectivity available), the eNB 200-2 starts the han-
dover procedure for the UE 100 to the eNB 200-1. The eNB
200-2 transmits, to the UE 100, configuration information (an
RRC reconfiguration) for performing the handover of the UE
100 to the eNB 200-1.

[0145] Instep S409, the UE 100 performs a random access
(RACH) process to the eNB 200-1 based on the configuration
information (the RRC reconfiguration) received from the
eNB 200-2.

[0146] In step S410, the eNB 200-2 transmits, to the eNB
200-1, context information (a UE context) of the UE 100 and
non-transmitted data for the UE 100.

[0147] Instep S411, the UE 100 and the eNB 200-2 release
the connection (the RRC connection).

[0148] Instep S412, the UE 100 and the eNB 200-1 estab-
lish a connection (an RRC connection).

[0149] In step S413, the eNB 200-1 performs the RRM of
the UE 100. Then, procedures to start a dual connectivity are
started. In step S414, the eNB 200-1 transmits, to the eNB
200-2, an establishment request (a Dual connectivity request)
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requesting to establish the second connection with the UE
100. Subsequent operations are similar to those of the opera-
tion pattern 1-1.

[0150] (d) Operation Pattern 2-2

[0151] FIG. 11 is a sequence diagram of an operation pat-
tern 2-2 according to the first embodiment.

[0152] In the operation pattern 2-1, after the handover of
the UE 100 from the eNB 200-2 to the eNB 200-1, the dual
connectivity is started at the initiative of the eNB 200-1. In
contrast, in the operation pattern 2-2, the dual connectivity is
started at the initiative of the eNB 200-1, while the eNB 200-2
maintains the connection with the UE 100.

[0153] Asillustrated in FIG. 11, processes in steps S501 to
S507 are similar to those of the operation pattern 2-1. In step
S507, along with the start notification (the Dual connectivity
available), the eNB 200-1 transmits, to the eNB 200-2, infor-
mation on a random access channel (RACH information) that
should be used at the time of establishing a connection with
the eNB 200-1.

[0154] In step S508, the eNB 200-2 transmits instruction
information (RACH initiation), which is used by the UE 100
in order to establish the connection with the eNB 200-1, to the
UE 100. Here, the eNB 200-2 transmits the RACH informa-
tion received from the eNB 200-1 in the instruction informa-
tion (the RACH initiation).

[0155] Instep S509, the UE 100 performs a random access
(RACH) process to the eNB 200-1 based on the instruction
information (the RACH initiation) received from the eNB
200-2.

[0156] In step S510, the eNB 200-2 transmits, to the eNB
200-1, context information (a UE context) of the UE 100.
[0157] In step S511, the UE 100 establishes a connection
(an RRC connection) with the eNB 200-1. As a result, the dual
connectivity is started.

[0158] In step S512, the eNB 200-1 performs the RRM of
the UE 100. Specifically, measurement for the mobility con-
trol of the UE 100 is controlled.

[0159] In step S513, the UE 100 transmits a measurement
report to the eNB 200-1 under the control of the eNB 200-1.
The measurement report includes each of measurement
results of the serving cell of the UE 100 (the large cell) and a
neighboring cell (the small cell).

[0160] Then, in step S514, the UE 100 transmits a measure-
ment report (the first measurement report) to the eNB 200-1
under the control of the eNB 200-1. The first measurement
report includes each of measurement results of the serving
cell of the UE 100 (the large cell) and a neighboring cell (the
small cell). That is, the first measurement report is used in the
mobility control of the UE 100 in the eNB 200-1.

[0161] In step S515, the UE 100 transmits a measurement
report (the second measurement report) to the eNB 200-2
under the control of the eNB 200-2. The second measurement
report includes the measurement result of the cell of eNB
200-2 (the small cell). That is, the second measurement report
is used in deciding whether or not to end the dual connectivity
in the eNB 200-2.

[0162] Instep S516, the eNB 200-2 decides whether or not
to end the dual connectivity based on the second measure-
ment report received from the UE 100. Subsequent processes
are similar to those of the operation pattern 1-2.

[0163] FIG. 12 is a sequence diagram of a modification of
the operation pattern 2-2 according to the first embodiment.
[0164] Asillustrated in FIG. 12, after transmitting the posi-
tive response (the Release ACK) to the eNB 200-2, the eNB
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200-1 transmits, to the UE 100, the release request (the RRC
reconfiguration) of the second connection (step S619). Then,
upon receiving the release request (the RRC reconfiguration)
from the eNB 200-1, the UE 100 releases the second connec-
tion (step S621). The other operations are similar to those of
the operation pattern 2-2.

[0165] Alternatively, the eNB 200-2 may release the sec-
ond connection without inquiring (dual connectivity release)
of the eNB 200-1. Specifically, the eNB 200-2 transmits, to
the eNB 200-1, the release notification (the Release Com-
plete) of the second connection after releasing the second
connection, when deciding to end the dual connectivity based
on the measurement report (the second measurement report)
received from the UE 100. At this time, along with the release
notification, the eNB 200-2 transmits, to the eNB 200-1, the
data that the eNB 200-2 has not transmitted to the UE 100.
[0166] Alternatively, the eNB 200-2 transmits, to the eNB
200-1, the release decision notification (the Dual connectivity
release) of the second connection without releasing the sec-
ond connection, when deciding to end the dual connectivity
based on the measurement report (the second measurement
report) received from the UE 100. Upon receiving the release
decision notification from the eNB 200-2, the eNB 200-1
transmits, to the UE 100, a release request (an RRC recon-
figuration) of the second connection. Upon receiving the
release request from the eNB 200-1, the UE 100 releases the
second connection.

[0167] [First Modification of First Embodiment]

[0168] In the above-described first embodiment, the UE
100 during the dual connectivity transmits the measurement
report to each of the eNB 200-1 and the eNB 200-2. It is
preferable that the UE 100 during the dual connectivity trans-
mits not only the measurement report but also feedback infor-
mation, to each of the eNB 200-1 and the eNB 200-2.
[0169] The feedback information includes ACK/NACK,
CSI (Channel State information) and the like. The CSI
includes CQI (Channel Quality Indicator), PMI (Precoder
Matrix Indicator), RI (Rank Indicator) and the like.

[0170] When the feedback information is transmitted to
only one eNB of the eNB 200-1 and the eNB 200-2, a delay
occurs at the time of transferring the feedback information
from the one eNB to the other eNB. Thus, the UE 100 trans-
mits the feedback information to each of the eNB 200-1 and
the eNB 200-2, thereby it is possible to resolve such a prob-
lem.

[0171] [Second Modification of First Embodiment]

[0172] In the above-described first embodiment, the eNB
200-2 includes the information on a random access channel
(RACH information) in the positive response (the ACK), at
the time of transmitting, to the eNB 200-1, the positive
response (the ACK) to the establishment request.

[0173] However, the eNB 200-2 may separately transmit
the positive response (the ACK) and the information on a
random access channel (RACH information), to the eNB
200-1.

Second Embodiment

[0174] The second embodiment will be described while
focusing on the differences from the first embodiment.

[0175] Although the operation of the UE 100 in the con-
nected state is described in the first embodiment, an operation
of'the UE 100 in an idle state will be described in the second
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embodiment. It is noted that an operation environment of the
second embodiment is similar to that of the first embodiment
(see FIG. 6).

[0176] When the UE 100 that supports a dual connectivity
is in an idle state and is camping in the small cell, first of all,
the UE 100 establishes connection with the small cell, and
thus, the control of the dual connectivity becomes compli-
cated. “Camping in the small cell” means selecting the small
cell as a serving cell in the idle state. Thus, in the second
embodiment, the UE 100 that supports a dual connectivity is
controlled to camp in the large cell.

[0177] (a) Operation Pattern 1

[0178] In an operation pattern 1 according to the second
embodiment, the eNB 200-2 that manages the small cell,
transmits broadcast information for prohibiting the camping
of'the UE 100 that supports a dual connectivity, in a cell of the
eNB 200-2 (the small cell). The broadcast information is
information receivable in the UE 100 that is in the idle state.
[0179] Based on the broadcast information from the eNB
200-2, rather than camping in the cell of the eNB 200-2 (the
small cell), the UE 100 that is in the idle state camps in a cell
of'the eNB 200-1 (the large cell).

[0180] Either of the following 1) or 2) is used as the broad-
cast information.

[0181] 1) The broadcastinformation is information indicat-
ing a specific access class (AC), which is a target for access
regulation.

[0182] A system information block type 2 (SIB 2), which is
a type of the broadcast information, includes information
indicating an access class for which the access to the trans-
mission source cell is regulated. Meanwhile, SIM (Subscriber
Identity Module) of the UE 100 includes information indicat-
ing the access class of the UE 100.

[0183] Thus, a specific access class (for example, AC 15) is
assigned to the UE 100 that supports a dual connectivity.
Further, the small cell transmits the broadcast information
indicating that the specific access class (for example, AC 15)
is the target for access regulation.

[0184] As aresult, the UE 100 that supports a dual connec-
tivity decides that the small cell is the target for the access
regulation, that is, camping in the small cell is prohibited.
[0185] 2) Alternatively, the broadcast information is infor-
mation indicating an access regulation for the UE 100 con-
forming to a specific release that supports a dual connectivity.
[0186] A system information block type 1 (SIB 1), which is
a type of the broadcast information, includes information
indicating whether or not the access to the transmission
source cell is being regulated (cellBarred). Meanwhile, the
dual connectivity is scheduled to be introduced in a specific
release of 3GPP (for example, Release 12), and the UE 100
recognizes a release to which the UE 100 is conformed.
[0187] Thus, the small cell transmits broadcast information
(cellBarred-r12) which is information applied to the UE 100
conforming to the specific release (for example, Release 12)
and which indicates that the access is being regulated.
[0188] As aresult, the UE 100 that supports a dual connec-
tivity decides that the access to the small cell is being regu-
lated, that is, camping in the small cell is prohibited.

[0189] (b) Operation Pattern 2

[0190] In an operation pattern 2 according to the second
embodiment, the UE 100 that supports a dual connectivity is
controlled to camp in the large cell by using, rather than the
broadcast information for access regulation, a cell re-selec-
tion priority of the UE 100.
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[0191] The eNB 200-1 that manages the large cell belong-
ing to a first frequency transmits, to the UE 100, information
for lowering a cell re-selection priority of a second frequency
to which the small cell belongs (a Cell Reselection Priority).
The eNB 200-1 transmits Cell Reselection Priority in a con-
nection release message (an RRC Connection Release mes-
sage), to the UE 100.

[0192] Itis noted that the eNB 200-1 can recognize that the
UE 100 supports a dual connectivity during the connection
with the UE 100, and adjust Cell Reselection Priority for the
UE 100. For example, the eNB 200-1 configures a Cell Rese-
lection Priority corresponding to the second frequency to
which the small cell belongs, to the lowest priority.

[0193] In an idle state, the UE 100 that supports a dual
connectivity lowers the cell re-selection priority of the second
frequency based on the Cell Reselection Priority received
from the eNB 200-1. As a result, the UE 100 preferentially
camps in the large cell than the small cell.

[0194] (c) Operation Pattern 3

[0195] In an operation pattern 3 according to the second
embodiment, the UE 100 that supports a dual connectivity is
controlled to autonomously connect with the large cell.
[0196] The UE 100 that is camping in the cell of the eNB
200-2 (the small cell) in an idle state establishes a connection
with the eNB 200-1 after re-selecting a cell of the eNB 200-1
(the large cell), when starting communication in which a dual
connectivity should be applied. Here, “communication in
which a dual connectivity should be applied” means commu-
nication in which traffic (services) requiring high throughput
is handled, and the like.

[0197] For example, when starting communication in
which the dual connectivity should be applied, the UE 100
that is camping in the cell of the eNB 200-2 (the small cell) in
an idle state autonomously adjusts the cell re-selection prior-
ity, thereby re-selecting the cell of the eNB 200-1 (the large
cell). As a result, the UE 100 can camp in the large cell and
connect with the large cell.

Other Embodiments

[0198] In each of the above-described embodiments, the
capability of the UE 100 is not particularly mentioned. How-
ever, it is considered that a frequency band for which the UE
100 can use in a dual connectivity is restricted in accordance
with the radio communication capability of the UE 100,
because the UE 100 simultaneously uses different frequen-
cies in the dual connectivity. Thus, it is preferable that the UE
100 that supports a dual connectivity transmits, to the eNB
200, capability information (UE Capability) indicating the
frequency band for which the UE 100 can use in the dual
connectivity. The eNB 200 determines whether to apply a
dual connectivity to the UE 100 based on the capability infor-
mation (the UE Capability). The eNB 200 may decide not to
apply the dual connectivity to the UE 100, when the fre-
quency of the cell of the eNB 200 does not match the fre-
quency band indicated by the capability information (the UE
Capability).

[0199] Itisnoted that cases where the present disclosure is
applied to the LTE system are mainly described in the above-
described embodiments. However, the present disclosure
may also be applied to systems, other than the LTE system, as
well as the LTE system.

[0200] [First Modification of Second Embodiment]

[0201] As described above, the dual connectivity scheme is
a scheme by which a user terminal simultaneously establishes
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a connection with a plurality of cells managed by a different
base station. It is noted that the dual connectivity scheme may
be called an inter-base station carrier aggregation (inter-eNB
CA).

[0202] Inthedual connectivity scheme, among the plurality
of cells that establish connection with the user terminal, only
one cell (hereinafter, called “first cell”) establishes an RRC
connection with the user terminal. That is, another cell of the
plurality of cells (hereinafter, called “second cell”) estab-
lishes a connection with the user terminal in a layer that is
lower than an RRC layer, and does not establish an RRC
connection with the user terminal.

[0203] Inthe dual connectivity scheme, a scenario in which
the first cell is a macro cell, and the second cell is a cell that is
smaller (a small cell) than the macro cell, is considered in
most cases. The small cell has a coverage that overlaps at least
a part of the coverage of the macro cell.

[0204] Thus, when starting the dual connectivity scheme
after establishing an RRC connection with the small cell, a
procedure in which the user terminal switches the RRC con-
nection from the small cell to the macro cell is thought to be
necessary. Therefore, a problem is seen where the processing
for starting the dual connectivity scheme becomes complex.
[0205] Below, an embodiment for enabling an easy start of
the dual connectivity scheme will be described.

[0206] (Cell Reselection)

[0207] The UE 100 in an RRC idle state (the idle state)
performs cell reselection along with movement. The cell rese-
lection is an operation of selecting a serving cell of the UE
100 in the RRC idle state. In the RRC idle state, the serving
cell may be called a standby cell or a camping-destination
cell.

[0208] The cell evaluation method during cell reselection is
described in 3GPP Technical Specification “TS 36.304”,
however, an outline of the same is presented below. In cell
reselection, a basic concept of selecting the cell with the
highest received power (best cell principle) is employed. Fur-
thermore, because of the fact that a frequency with a high
priority is always set as a measurement target at the time of a
cell search, and the fact that as the priority increases, the cell
transfer conditions are alleviated, a state in which it is easy to
select the frequency with a high priority is realized.

[0209] Specifically, the UE 100 in the RRC idle state per-
forms either of the following operations depending on the
magnitude correlation between the frequency priority of a
camping cell (a serving cell) and the frequency priority of a
cell that performs reselection evaluation (an evaluated cell).

[0210] 1) When the “frequency priority of the evaluated
cell>frequency priority of the serving cell”: the UE 100
moves to the evaluated cell, that is, the UE 100 reselects the
evaluated cell as a serving cell if the received power of the
evaluated cell is higher than a threshold value continuously
for a certain period of time.

[0211] 2) When the “frequency priority of the evaluated
cell<frequency priority of the serving cell”: the UE 100 does
not perform evaluation for the evaluated cell arranged in that
frequency if the received power of the serving cell is equal to
or more than the threshold value. If the received power of the
serving cell is equal to or less than the threshold value, the UE
100 performs the same operation as in 1).

[0212] It is noted that if the evaluated cell is a special cell,
the UE 100 does not apply the above-mentioned operations
depending on each situation. A “special cell” is a cell that
delivers a CSG cell and MBMS, for example, and the “situ-
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ation” indicates a case when the UE 100 is a member of the
CSG, or has an interest in the MBMS.

[0213] In this way, an appropriate cell is reselected as the
serving cell. Also, when shifting from the RRC idle state to
the RRC connected state, the UE 100 performs a random
access procedure for the selected serving cell. Through the
random access procedure, the UE 100 establishes an RRC
connection with the serving cell.

[0214] (Dual Connectivity Scheme)

[0215] The LTE system according to the first embodiment
supports a dual connectivity scheme. The dual connectivity
scheme is expected to be introduced in Release 12 and there-
after.

[0216] The dual connectivity scheme is a scheme by which
the UE 100 in the RRC connected state simultaneously estab-
lishes a connection with a plurality of cells managed by the
different eNB 200. It is noted that the dual connectivity
scheme is called an inter-base station carrier aggregation
(inter-eNB CA).

[0217] In the dual connectivity scheme, of the plurality of
cells that establish a connection with the UE 100, only one
cell (one eNB 200) establishes an RRC connection with the
UE 100. That is, the other cell of the plurality of cells (the
other eNB 200) establishes a connection with the UE 100 in a
layer that is lower than the RRC layer, and does not establish
an RRC connection with the UE 100.

[0218] Hereinafter, in the dual connectivity scheme, a cell
(the eNB 200) that establishes an RRC connection with the
UE 100 is called a master cell (master eNB). Moreover, in the
dual connectivity scheme, one or a plurality of cells (the eNB
200) that establish a connection with the UE 100 in a layer
that is lower than the RRC layer are called secondary cells
(secondary eNBs).

[0219] The master eNB performs the processing of the
RRC layer, for example, a mobility control (Mobility man-
agement) of the UE 100. The mobility control implies a
handover control and the like. Each of the master eNB and the
secondary eNB performs scheduling for one UE 100, and
assigns a radio resource to the one UE 100. Because a radio
resource is assigned to the UE 100 from each eNB, an
improvement in throughput can be expected.

[0220] (Operation According to First Modification)

[0221] Inthe dual connectivity scheme, a scenario in which
the master cell is a macro cell, and the secondary cell is a cell
that is smaller (a small cell) than the macro cell, is considered
in most cases. The small cell is a pico cell, a femto cell and the
like, for example, and is arranged within the coverage of the
macro cell. In the first modification, the macro cell corre-
sponds to the first cell, and the small cell corresponds to the
second cell.

[0222] Inthis way, by setting a cell having a wide coverage
as the master cell, it becomes possible to support the move-
ment of the UE 100 in an RRC connected state, that is, it
becomes possible to strengthen mobility. Specifically, when
the UE 100 that communicates according to the dual connec-
tivity scheme establishes an RRC connection with a small
cell, along with the movement of the UE 100, it becomes
necessary to perform processing (a handover and the like) for
switching the RRC connection to a macro cell.

[0223] Therefore, in the first modification, in order to avoid
the possibility of a handover from the small cell to the macro
cell, a case in which the master cell is restricted to a macro
cell, and the secondary cell is restricted to a small cell is
assumed.
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[0224] In the first modification, the UE 100 that supports
the dual connectivity scheme and is in an RRC idle state
performs a cell reselection control to select the macro cell as
the serving cell rather than selecting the small cell as the
serving cell. Thus, the UE 100 first establishes an RRC con-
nection with the macro cell. Thus, in a case where the master
cell is restricted to a macro cell and the secondary cell is
restricted to a small cell, the UE 100 that supports the dual
connectivity scheme can easily start the communication
according to the dual connectivity scheme.

[0225] FIG. 13 is a diagram illustrating an operation envi-
ronment according to the first modification.

[0226] As illustrated in FIG. 13, eNB 200-1 manages a
macro cell belonging to frequency 1 (a first frequency). eNB
200-2 manages a small cell belonging to frequency 2 (a sec-
ond frequency) that is different from the frequency 1. The
eNB 200-1 and the eNB 200-2 are mutually connected
through a backhaul interface (for example, the X2 interface).
The small cell has a coverage that overlaps at leasta part of the
coverage of the macro cell. The UE 100 is positioned within
an area where the coverage of the macro cell overlaps the
coverage of the small cell. The UE 100 conforms to the
specifications of Release 12 and thereafter, and supports the
dual connectivity scheme.

[0227] In the first modification, the eNB 200-1 transmits
the control information used in the cell reselection control to
the UE 100 either in a unicast manner or a broadcast manner.
The control information is information (Cell Reselection Pri-
ority) for relatively reducing the priority of the frequency 2 in
cell reselection in comparison with the priority of the fre-
quency 1. For example, the eNB 200-1 transmits the control
information for the setting frequency 2 to which the small cell
belongs to the least priority. Specifically, according to the
specifications, since it is possible to set the priority in eight
stages of 0 to 7 for each frequency, the eNB 200-1 transmits
the control information for the setting frequency 2 to the least
priority from among the eight stages. Alternatively, in addi-
tion to the O to 7 stages, the control information may be
transmitted by adding a flag (a new one bit) indicating that the
frequency 2 has the least priority. Or, rather than setting the
frequency 2 to the least priority, the control information for
setting the frequency 1 to which the macro cell belongs to a
particular frequency, and setting the frequency 2 to which the
small cell belongs to a priority that is lower than the priority
of the frequency 1, may be transmitted.

[0228] The UE 100 that receives the control information
performs cell reselection control on the basis of the received
control information. As aresult of the control information, the
priority of the frequency 1 to which the small cell belongs
becomes lower than the priority of the frequency 1 to which
the macro cell belongs. As described above, the UE 100
always sets a frequency with a high priority as a measurement
target at the time of a cell search, and as the priority increases,
the cell transfer conditions are alleviated, and the UE 100 can
select the macro cell as the serving cell.

[0229] It is noted that the control information need not
necessarily be transmitted by the eNB 200-1, and the control
information can also be transmitted by the eNB 200-2 in a
broadcast manner. The control information that is broadcast
can also be received by the UE 100 that is inan RRC idle state.
[0230] Furthermore, it is preferable for UE that does not
support the dual connectivity scheme to not receive the con-
trol information, or to discard the control information even if
the control information is received.
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[0231] FIG. 14 is a sequence diagram illustrating an opera-
tion sequence according to the first modification. A case in
which the eNB 200-1 transmits the control information used
in the cell reselection control in a unicast manner is described
below. Hereinafter, the control information transmitted in the
unicast manner is called dedicated control information. The
dedicated control information can be received only by the UE
100 that is in an RRC connected state.

[0232] As illustrated in FIG. 14, in step S1101, the UE 100
establishes an RRC connection with the eNB 200-1 (the
macro cell), and shifts to the RRC connected state.

[0233] In step S1102, the UE 100 notifies, to the eNB
200-1, UE capability information indicating that the UE 100
supports the dual connectivity scheme. As long as the UE
capability information is information that can indicate that
the UE 100 supports the dual connectivity scheme, the UE
capability information could be information about the
Release (for example, Release 12) to which the UE 100 con-
forms, for example.

[0234] In step S1103, on the basis of the UE capability
information, the eNB 200-1 transmits, to the UE 100, the
dedicated control information (Cell Reselection Priority)
used in cell reselection control. The eNB 200-1 transmits the
dedicated control information to the UE 100 through an RRC
message. For example, the eNB 200-1 includes the dedicated
control information in an RRC connection release request
message, which is a type of an RRC message.

[0235] In step S1104, the UE 100 that receives the dedi-
cated control information releases the RRC connection estab-
lished with the eNB 200-1, and shifts to the RRC idle state.
[0236] In step S1105, the UE 100 that has shifted to the
RRC idle state performs cell reselection control on the basis
of the dedicated control information.

[0237] Thus, according to the first modification, in a case
where a macro cell and a small cell belong to different fre-
quencies, by setting the cell reselection priority of the fre-
quency 2 to which the small cell belongs lower than that of the
frequency 1 to which the macro cell belongs, the UE 100 that
is in an RRC idle state can select the macro cell as the serving
cell rather than selecting the small cell as the serving cell.
[0238] [Second Modification of Second Embodiment]
[0239] Hereinafter, the second modification will be
described while focusing on differences from the first modi-
fication. A system configuration and an operation environ-
ment according to the second modification are the same as
those in the first modification. However, in the second modi-
fication, the frequency to which the macro cell belongs and
the frequency to which the small cell belongs may be the same
frequency.

[0240] In the second modification, the eNB 200-2 (the
small cell) transmits the control information used in the cell
reselection control in a broadcast manner. Hereinafter, the
control information transmitted in the broadcast manner is
called broadcast control information. The broadcast control
information can be received by the UE 100 that is in an RRC
idle state and also by the UE 100 that is in an RRC connected
state.

[0241] The broadcast control information according to the
second modification is information indicating an access
restriction on the UE 100 that supports the dual connectivity
scheme. The UE 100 that receives the broadcast control infor-
mation performs cell reselection control on the basis of the
broadcast control information. Note that it is preferable for
the UE that does not support the dual connectivity scheme to
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not receive the control information, or to discard the control
information even if the control information is received.
[0242] Forexample, the eNB 200-2 transmits the broadcast
control information as a new information element of a system
information block type 1 (SIB 1), which is a type of system
information. It is preferable for the new information element
to be specified as an information element of Release 12 or
thereafter so as to be applicable only in the UE 100 that
supports the dual connectivity scheme. A configuration
example of a new information element is described below.
[0243] SystemInformationBlockTypel-v12-1Es::=SE-
QUENCE {cellBarred ENUMERATED {barred, not-
Barred}, }

[0244] Here, the information element “cellBarred” is set to
either “barred” that indicates that the transmission-source cell
is under an access restriction, or to “notbarred” that indicates
that the transmission-source cell is not under an access
restriction. When “cellBarred” is set to “barred”, the UE 100
that is in the RRC idle state performs control so as not to select
the cell as the serving cell.

[0245] However, itis preferable for the UE 100 to be able to
use the small cell as a secondary cell after the UE 100 has
established an RRC connection with the macro cell. Thus,
after establishing an RRC connection with the macro cell, if
the UE 100 is controlled from the macro cell to establish a
connection with the small cell so as to conform to the dual
connectivity scheme, the UE 100 performs the processing for
establishing a connection with the small cell regardless of the
access restriction. That is, when the procedure for adding the
small cell as the secondary cell is started, the UE 100 ignores
“cellBarred” and performs a random access for the small cell.
[0246] FIG. 15is a sequence diagram illustrating an opera-
tion sequence according to the second modification.

[0247] Asillustrated in FIG. 15, in step S1201, the UE 100
shifts to the RRC idle state.

[0248] In step S1202, the UE 100 in the RRC idle state
receives, from the eNB 200-2 (the small cell), the broadcast
control information indicating an access restriction on the UE
100 that supports the dual connectivity scheme.

[0249] In step S1203, the UE 100 that receives the broad-
cast control information performs cell reselection control on
the basis of the received broadcast control information. Spe-
cifically, the UE 100 in the RRC idle state determines that the
transmission-source cell (the small cell) of the broadcast con-
trol information is under an access restriction, and performs
control so as not to select the cell as the serving cell.

[0250] Thus, according to the second modification, even in
a case where a macro cell and a small cell belong to the same
frequency, the UE 100 that is in an RRC idle state can select
the macro cell as the serving cell rather than selecting the
small cell as the serving cell.

[0251] [Third Modification of Second Embodiment]
[0252] Hereinafter, the third modification will be described
while focusing on the differences from the first and the second
modifications. A system configuration and an operation envi-
ronment according to the third modification are the same as
those in the first modification. However, in the third modifi-
cation, the frequency to which the macro cell belongs and the
frequency to which the small cell belongs may be the same
frequency.

[0253] Inthe third modification, the UE 100 acquires, from
a network (the E-UTRAN 10 or the EPC 20), a list (herein-
after, “small cell list”) that includes an identifier of the small
cell. The UE 100 in the RRC idle state performs cell reselec-
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tion control on the basis of the small cell list. The identifier of
the small cell is a physical cell identifier (PCI) of the small
cell, for example. The UE 100 identifies the PCI of the cell on
the basis of the synchronization signal received from the cell,
and determines the cell corresponding to the PCI included in
the small cell list as the small cell. The identifier of the small
cell could be a Global eNB ID, an eNB ID, ECGI, and ECI, an
operating frequency (ERFCN) and the like.

[0254] The UE 100 in the RRC idle state performs cell
reselection control to prohibit the selection ofthe small cell as
a serving cell.

[0255] Alternatively, the UE 100 in the RRC idle state
performs cell reselection control to relatively reduce the pri-
ority of the small cell in cell reselection. For example, apply-
ing a negative offset to the received power of the small cell, or
applying a positive (or negative) offset to the threshold value
comparable to the received power of the small cell, in the cell
evaluation of cell reselection. These offset values may be
included in the broadcast control information from the net-
work.

[0256] FIG.16 is a sequence diagram illustrating an opera-
tion sequence according to the third modification.

[0257] As illustrated in FIG. 16, in step S301, the UE 100
shifts to the RRC connected state.

[0258] In step S1302, the UE 100 acquires a small cell list
from the network (the E-UTRAN 10 or the EPC 20). The
small cell list may be included in an RRC message, or may be
included in an NAS message.

[0259] In step S1303, the UE 100 shifts to the RRC idle
state.
[0260] In step S1304, the UE 100 that has shifted to the

RRC idle state performs cell reselection control on the basis
of the small cell list.

[0261] Thus, according to the third modification, even in a
case where a macro cell and a small cell belong to the same
frequency, the UE 100 that is in an RRC idle state can select
the macro cell as the serving cell rather than selecting the
small cell as the serving cell.

[0262] [Fourth Modification]

[0263] Hereinafter, the fourth modification will be
described while focusing on the differences from the first
modification to the third modification. A system configura-
tion and an operation environment according to the fourth
modification are the same as those in the first modification.
However, in the fourth modification, the frequency to which
the macro cell belongs and the frequency to which the small
cell belongs may be the same frequency.

[0264] Inthe fourth modification, the eNB 200-2 (the small
cell) transmits the control information used in the cell rese-
lection control in a broadcast manner. The broadcast control
information can be received by the UE 100 that is in an RRC
idle state and also by the UE 100 that is in an RRC connected
state.

[0265] The broadcast control information according to the
fourth modification is information indicating a cell type of a
transmission-source cell of the broadcast control informa-
tion. The UE 100 performs cell reselection control on the
basis of the broadcast control information.

[0266] Forexample, the eNB 200-2 transmits the broadcast
control information as a new information element of a system
information block type 1 (SIB 1), which is a type of system
information. It is preferable for the new information element
to be specified as an information element of Release 12 or
thereafter so as to be applicable only in the UE 100 that
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supports the dual connectivity scheme. A configuration
example of a new information element is described below.

SystemInformationBlockTypel-v12-IEs ::= SEQUENCE {
CellTypelndication ENUMERATED {SmallCell, nonSmallCell},

}

[0267] Here, the information element “CellTypelndica-
tion” is set to either “SmallCell” that indicates that the trans-
mission-source cell is a small cell, or to “nonSmallCell” that
indicates that the transmission-source cell is not a small cell.
When “CellTypelndication” is set to “SmallCell”, the UE 100
that is in the RRC idle state performs control so as not to select
the cell as the serving cell.

[0268] For example, the UE 100 in the RRC idle state
performs cell reselection control to prohibit the selection of
the small cell as a serving cell.

[0269] Alternatively, the UE 100 in the RRC idle state
performs cell reselection control to relatively reduce the pri-
ority of the small cell in cell reselection. For example, apply-
ing a negative offset to the received power of the small cell, or
applying a positive (or negative) offset to the threshold value
comparable to the received power of the small cell, in the cell
evaluation of cell reselection. These offset values may be
included in the broadcast control information from the net-
work.

[0270] FIG. 17 is a sequence diagram illustrating an opera-
tion sequence according to the fourth modification.

[0271] Asillustrated in FIG. 17, in step S1401, the UE 100
shifts to the RRC idle state.

[0272] In step S1402, the UE 100 in the RRC idle state
receives, from the eNB 200-2 (the small cell), the broadcast
control information indicating the cell type of the transmis-
sion-source cell.

[0273] In step S1403, the UE 100 that receives the broad-
cast control information performs cell reselection control on
the basis of the received broadcast control information.
[0274] Thus, according to the fourth modification, evenina
case where a macro cell and a small cell belong to the same
frequency, the UE 100 that is in an RRC idle state can select
the macro cell as the serving cell rather than selecting the
small cell as the serving cell.

Other Embodiments

[0275] In the above-described third and fourth modifica-
tions, the UE 100 may recognize the small cell, and may
perform cell reselection control in consideration of the status
of'the two cells. For example, the UE 100 selects the small cell
when a signal strength of the camped macro cell falls below
the threshold value, and a signal strength of the small cell rises
above the threshold value. Alternatively, the UE 100 selects
the macro cell when the signal strength of the camped small
cell falls below the threshold value, and the signal strength of
the macro cell rises above the threshold value.

[0276] In the above-described second modification to the
fourth modification, a case in which the macro cell and the
small cell were provided in the same frequency for dealt with,
however, in an environment where the macro cell and the
small cell are provided in the same frequency, and the system
supports only that frequency, the fact that access to the small
cell is prohibited is not preferred. Thus, in such an environ-
ment, a non-transmission interval may be set in the small cell
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using ABS (Almost Blank Subframe) and the like, and the UE
100 may perform control so as to evaluate the macro cell in
the non-transmission interval.

[0277] In the above-described first modification to the
fourth modification, a case in which the first cell is a macro
cell and the second cell is a small cell was illustrated. How-
ever, the present disclosure is not limited to such a combina-
tion, and the first cell may be a pico cell (or a macro cell), and
the second cell may be a femto cell. FIG. 18 is a diagram
illustrating an operation environment according to another
modification. Asillustrated in FIG. 18, UE 100-1 sets a macro
cell (a macro eNB) as a master cell (a master eNB), and a pico
cell (a pico eNB) as a secondary cell (a secondary eNB). UE
100-2 sets a pico cell (a pico eNB) as a master cell (a master
eNB), and a femto cell (a home eNB) as a secondary cell (a
secondary eNB).

[0278] In the above-described modifications, as one
example of the mobile communication system, the LTE sys-
tem is described. However, the present disclosure is not lim-
ited to the LTE system, and the present disclosure may be
applied to systems other than the LTE system.

[0279] [Additional Statement 1]

[0280] Below, additional statements for above-described
embodiments will be described.

[0281] (Necessity for Dual Connectivity)

[0282] Both mobility robustness and capacity/user
throughput improvement in hotspot areas using low-power
nodes are needed. One of the most important missions for
improved user experience has been the enhancement of
capacity and user throughput. The possibility of utilizing
resources from more than one eNB is considered to further
improve capacity and user throughput. However, the two
expected challenges listed below must be resolved:

[0283] b) Difficult to improve system capacity by utilizing
radio resources in more than one eNB (e.g. due to UL/DL
imbalance issues)

[0284] d) Difficult to improve per-user throughput by uti-
lizing radio resources in more than one eNB

[0285] Regarding b), a primary cause of UL/DL power
imbalance is different Tx power between macro and small
cells. There is an UL/DL power imbalance for co-channel
HetNet deployment scenario. It would be beneficial to
explore other solutions that could provide additional benefits
such as throughput gains compared to the solution introduced
in previous release.

[0286] Regarding d), although CA and CoMP solutions are
already developed, some limitations still exist. Rel-10/11 CA
can only allow the aggregation of cells served by the same
eNB and Rel-11 CoMP can only allow inter-eNB coordina-
tion with ideal backhaul. There is currently no existing
mechanism that allows the UE to be simultaneously served by
two non-co-channel cells belonging to different eNBs and by
co-channel cells connected through non-ideal backhaul. To
improve user experience with more useable bandwidths, CA
over multiple eNB with non-ideal backhaul should be con-
sidered for Rel-12 small cell enhancements. To achieve this
goal, the architecture that allows the UE to have dual connec-
tion with both the macro cell and the small cell (i.e., non-co-
channel dual connectivity) should be adopted.

[0287] Proposal 1: non-co-channel dual connectivity archi-
tecture in Small Cell enhancements SI should be adopted.

[0288] (Design of Non-Co-Channel Dual Connectivity)
[0289] Dual Connectivity complexities
[0290] The complexities to support the use of dual connec-

tivity for the non-co-channel scenario are considered. Mac-
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rocell and small cell are connected via non-ideal backhaul.
This implies larger backhaul latency can be assumed. With
higher backhaul latency, it may be necessary for each small
cell to have its own scheduler. In order to support dual con-
nectivity, the additional complexities to coordinate the sched-
ulers between the two cells must be carefully considered, i.e.,
whether the benefit for increased user experience justifies the
increased complexity.

[0291] Additionally, the complexity of traffic splitting
should be considered. One of the typical use cases for traffic
splitting is when the UE is simultaneously running a VoIP call
and a data application. If the data application is offloaded to
the small cell while the VoIP call remains in the macrocell,
this traffic splitting based on QoS has the potential to improve
both the user experience and provide more resources to the
macrocell. Splitting the traffic across more than two cells is
already allowed in the current architecture for Rel-10/11 CA
and CoMP operation, but splitting traffic across multiple
eNBs isn’t allowed in the current architecture. Therefore,
splitting the traffic across two eNBs should be considered as
one of the main objectives in this SI.

[0292] In order to support non-co-channel dual connectiv-
ity, it should take the following issues into account.

[0293]

[0294] Coordination of schedulers between macrocell
and small cell

Back haul latency

[0295] Traffic splitting over multiple eNBs
[0296] (Anchor Cell and Booster Cell for Dual Connectiv-
ity)
[0297] In CA, the Type 4 scenario with RRHs appears to

have the basic tools needed to support dual connectivity since
the UE is simultaneously connected to the macrocell and the
small cell (RRH). Although Type 4 CA does not address the
general case where the small cells are not RRHs, it should be
considered as a reference design for non-co-channel dual
connectivity. One of the intrinsic characteristics of CA is that
the SCell candidate is pre-defined since only CCs operated by
one eNB can be aggregated. The pre-defined SCell candidate
concept should be carried over to dual connectivity since not
every small cell will be a good candidate for dual connectiv-
ity. The small cell has to be within coverage of the UE and also
meet the requirements of backhaul delay from network
implementation perspective. Another concept that can be bor-
rowed from CA is the procedure for SCell addition and
removal. This can be done without performing a handover.
Handover is only performed when the PCell changes. Again,
this concept should also be reused for dual connectivity.
Another important concern is the suitability of a small cell as
PCell. In the case where a large number of small cells are
deployed in a given area, a large number of handovers may
occur which will lead to excessive signaling load and reduced
mobility robustness. With this in mind, we should introduce
the concept of an anchor cell, where the relationship between
the anchor cell and the booster cell is pre-defined. In particu-
lar, only the macrocell should be an anchor under dual con-
nectivity. Meanwhile, the small cell is always the booster cell.
With this concept, excessive signaling can be avoided since
transition from one small cell to another under the same
anchor cell does not require a handover procedure.

[0298] Proposal 2: Cell combination candidates for dual
connectivity should be pre-defined.
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[0299] Proposal 3: the anchor cell concept, where the rela-
tionship between the anchor cell and the booster cell is pre-
defined should be introduced.

[0300] IfProposal 3 is agreed and we apply the CA concept
for SCell addition and removal for dual connectivity (i.e.,
booster cell addition and removal), the indication of booster
cell’s addition/removal always comes from anchor cell. Even
if the UE is only connected to the booster cell, and the booster
cell has the capability to send such an indication, it would be
necessary for the small cell to handover the UE to the anchor
cell before entering dual connectivity operation since the
anchor cell should manage the UE’s mobility. Therefore, it
will not be necessary for the small cell to initiate dual con-
nectivity. Regarding traffic splitting, different alternative for
traffic splitting architectures have been suggested and it will
be necessary to evaluate the pros and cons of the candidate
solutions. However, regardless of which architecture solution
is ultimately selected, we believe that one of the main objec-
tives for any suitable architecture is to determine which entity
decides the traffic splitting between the anchor cell and the
booster cell. We think it’s straightforward for the anchor cell
to decide on the traffic splitting since it’s assumed the traffic
served by booster cell should be forwarded via anchor cell.
[0301] Proposal 4: Anchor cell should have the responsi-
bility for traffic splitting and the initiation of dual connectiv-
ity by sending an indication of dual-connectivity to the UE.
[0302] As we mentioned in the previous paragraph, higher
backhaul latency between anchor cell and booster cell should
be taken into account. To improve RRM under dual connec-
tivity, the UE should report CSI to the individual cells sepa-
rately; otherwise the booster cell’s scheduling performance
will be degraded due to unreliable CSI feedbacks. For further
enhancement, the UE could send the booster cell’s DL. CQI to
the anchor cell for to maintain dual connectivity, since the
booster cell’s backhaul delay may be excessive. The rate at
which UE sends this booster cell’s CQI report to the anchor
cell can be determined by NW implementation. For example,
a UE may report booster cell’s CQI every 5 ms. However, the
UE may also send a booster cell’s CQI report to the anchor
cell every 20 ms (every 4th report). This report can piggyback
on the anchor cell’s CQI report.

[0303] Proposal 5: UE should separately report CSI to the
individual cells. Itis FF'S whether the UE should also send the
booster cell’s CQI report to the anchor cell.

[0304] [Additional Statement 2]
[0305] (Mobility Anchor for Option C1)
[0306] Non-co-channel case (Scenario 2)
[0307] IfOption Cl1 is applied to inter-frequency dual-con-

nectivity architecture, UE and Network have only one RRC
entity which is similar to the CA architecture. We should try
to reuse the current CA procedure as much as possible for
option C1. However, one clear difference between inter-fre-
quency dual-connectivity and CA architecture is the potential
need to define a mobility anchor for dual-connectivity. For
dual-connectivity, the MeNB (Master eNB) should always
have a responsibility for mobility management. This reduces
the signaling load by reducing the necessity for frequent
handovers between neighbouring SeNBs (Secondary eNBs)
within coverage of the same MeNB. In contrast, for CA, PCell
always has the responsibility for mobility management. Since
both MeNB and SeNB can be candidates for PCell, any eNB
is potentially capable of providing mobility responsibility for
the UE.
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[0308] Proposal 1: For scenario 2, if Option C1 is adopted,
dual-connectivity should reuse CA as much as possible with
the exception that a mobility anchor should only be defined
for MeNB.

[0309] Co-channel case (Scenario 1)

[0310] Considering the already agreed challenges for
increased signaling load and difficulty with increasing per-
UE throughput, dual-connectivity should also be applied to
the co-channel case (Scenario 1). In particular, one potential
benefit of dual-connectivity operation is the reduction of sig-
naling due to the decreased number of context transfers;
therefore, dual connectivity is also useful for Scenario 1. If
introducing dual-connectivity operation in the co-channel
case is decided, a unified architecture between Scenario 1 and
Scenario 2 would be preferable. For Scenario 1, dual-connec-
tivity is particularly attractive for handling issues with
UL/DL power imbalance in the CRE region. However, if the
UE is in the centre of SeNB, the UE will no longer have a
direct Uu interface with the MeNB. Instead, the UE will only
be connected to the SeNB. And we agree that one way to limit
the amount of context transfer is to allow the MeNB to act as
a mobility anchor and retain the UE’s context information
even when the UE is no longer connected with the MeNB. The
MeNB would have the option to send RRC messages to the
UE viathe SeNB’s Uu interface. But since there are still many
open issues, we should further evaluate whether it is appro-
priate to keep the CA architecture functionalities for Option
Cl.

[0311] Proposal 2: For Scenario 1, if Option C1 is adopted,
dual-connectivity should also reuse CA as much as possible
with the exception that a mobility anchor be adopted only for
MeNB.

[0312] (Considerations for Option C2)

[0313] Incontrastto OptionC1, Option C2 allows the UE to
have direct RRC connection with both MeNB and SeNB.
Although Option C2 is a bigger departure from intra-eNB
CA, it may offer benefits in mobility management that should
not be ignored.

[0314] Potential benefit of Option C2
[0315] RLF
[0316] With CA, if the UE experiences RLF with the PCell

then the UE shall initiate the reestablishment procedure
assuming a suitable cell can be found. The UE shall also
release the SCell(s) before initiating the reestablishment pro-
cedure. There really isn’t any viable option since the UE has
no RRC connection with the SCell. If dual-connectivity fol-
lows the same procedure as CA, then the connection to the
SeNB should be released, and reestablishment should be
performed with a suitable cell.

[0317] However, one potential benefit with Option C2 is the
possibility that the UE may keep RRC connection with the
SeNB in case the UE experiences RLF with the MeNB.
Although the main intention of SeNB’s RRC connection is to
serve the functionality specific to the SeNB (e.g., RRM for
the SeNB and not the MeNB), it may be possible to extend the
SeNB’s RRC functionality to handle abnormal conditions
such as RLF or HOE For example, UE could fall back to the
single cell operation with SeNB with a restricted RRC pro-
cedure such that the UE will be allowed to send RRC Con-
nection Reestablishment message to the SeNB without going
through the typical RA process. As an optional, the SeNB
could, in turn, send Reestablishment related messages to the
appropriate MeNB.
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[0318] Proposal 3: If Option C2 is adopted, we should
consider whether further enhancements to the reestablish-
ment procedure would be beneficial in case the UE experi-
ences RLF with the MeNB.

[0319]

[0320] Dual-connectivity activation is another area where
there may be potential benefit with Option C2. With Option
C1, if the UE is initially camped on a small cell, the small cell
will likely need to handover the UE to the MeNB prior to
dual-connectivity since the UE should only have RRC con-
nection with the MeNB. One way to avoid the need for the
handover from the small cell to the MeNB prior to dual-
connectivity is to ensure that the UE always camp on MeNB
since only the MeNB will configure dual-connectivity. How-
ever, since the small cell has to support legacy UEs, it must be
able to support legacy UEs as a standalone cell. So it may be
difficult to prevent UEs from camping on small cells. It is FFS
whether further enhancements are needed for the Cell Rese-
lection procedure for dual-connectivity capable UEs.

[0321] Proposal 4: we should consider whether enhance-
ments are needed for Cell Reselection procedure for dual-
connectivity capable UEs.

[0322] With Option C2, although the same procedure may
be applied as in Option Cl1, there is the possibility that the
small cell could establish the UE’s dual-connectivity with the
MeNB without first handing over the UE to the MeNB, since
the small cell has RRC connection with the UE over the Uu
interface. This would simplify the idle mobility procedure
since there is no difference whether the UE is initially con-
nected to the MeNB or the SeNB before dual-connectivity is
activated. Therefore, we should introduce a procedure that
allows the UE to keep RRC connection with one node when
UE enter under the dual-connectivity operation in Option C2.
Whether such a procedure is feasible or not depends on which
entity is allowed to initiate the dual-connectivity. If only the
MeNB can configure dual-connectivity, this kind enhance-
ment will not be possible.

[0323] Proposal 5: If Option C2 is adopted, we should
consider the possibility of allowing the small cell to initiate
dual-connectivity with the MeNB.

[0324] Potential drawback with Option C2

[0325] One of the main drawbacks with Option C2 is the
complexities associated with the need to support two RRC
entities in both the UE and the NW. Even if such complexities
are manageable, the effectiveness of dual-connectivity for
Option C2 should be further evaluated esp. for Scenario 1. As
previously mentioned in section 2.1.2, dual-connectivity may
be supported for Scenario 1 using Option C1 by defining a
mobility anchor for the MeNB. However, it is still unclear
whether Option C2 can be as effective in providing dual-
connectivity for Scenario 1. If the UE is in the CRE region, it
may be possible for the UE to establish and maintain direct
RRC connections to both MeNB and SeNB over their respec-
tive Uu interfaces. However, as the UE moves toward the
center of SeNB, it is unclear how the UE can maintain the
RRC connection with the MeNB when only the Uu interface
with the SeNB remains. It may also be possible for the RRC
messages from the MeNB to be sent to the UE via the Uu
interface with the SeNB, but that would defeat the purpose of
supporting Option C2. Therefore, it is unclear whether
Option C2 will have advantages over Option C1 even if the
complexities associated with the support of dual RRC are
manageable.

Dual-Connectivity Activation
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[0326] Proposal 6: we should consider whether Option C2
can be as effective as Option C1 for supporting dual-connec-
tivity in Scenario 1.

[0327] (CA and Dual-Connectivity)

[0328] Thus far, CA and dual-connectivity have been dis-
cussed separately. We think there is no specific reason to
prevent the possibility for the UE to support dual-connectiv-
ity and CA simultaneously in Rel-12 or possibly at a future
release if necessary. In fact, both features may have very
similar procedures. In FIG. 7.1.1.1.1-1 of the latest running
TR, it appears both MeNB and SeNB supports F1 and F2 in
Scenario 1. So the above scenario should be feasible. Further-
more, many of the existing MeNBs already support multiple
frequency bands so CA can be supported. With the addition of
small cells at higher frequencies, it is reasonable to expect that
operators would consider the support of simultaneous CA and
dual-connectivity. And if both features are supported simul-
taneously, it would be preferable to reuse the CA mechanism
to reduce operation complexity. We should also consider the
use of an anchor cell for MeNB from a mobility point of view
regardless of whether Option C1 or C2 is adopted.

[0329] Proposal 7: Regardless of the CP architecture,
MeNB should have the responsibility of mobility manage-
ment when dual-connectivity is activated.

[0330] [Additional Statement 3]

[0331] Using option C1 as the baseline CP architecture for
inter-eNB CA has agreed. One aspect of the inter-eNB CA
that needs to be resolved is the handling of RLF conditions.
Additional statement will discuss the issues of RLF related to
RLM of SeNB, inter-eNB CA activation and RACH failure.

[0332] (Discussion)

[0333] Both inter-eNB CA and intra-eNB CA have the
benefit of increasing user-throughput by allowing the UE to
connect simultaneously to multiple cells. It has already been
clarified in the SI that both the MeNB and the SeNB can have
its own serving cells belonging to MCG and SCG, respec-
tively. To prevent unnecessary complexity for both the UE
and the NW it would be preferable for the CP architecture of
intra-eNB CA to be reused in inter-eNB CA’s CP architecture
as much as possible. However, the reuse of the intra-eNB CA
procedures should be done with caution to prevent any sig-
nificant degradation to inter-eNB CA performance. In the
RLF discussions below, RLF related issues for inter-eNB CA
are discussed in context of the existing procedure for intra-
eNB CA.

[0334] RLM of the special cell within the SCG

[0335] Inintra-eNB CA, RLM isn’t supported on the SCell
since PCell uses CQI and measurement reports to determine
the status of the SCell, including addition/activation and pos-
sible RLF. In inter-eNB CA, the situation isn’t as simple,
since it is assumed that the SeNB has its own scheduler and
the latency in the Xn interface may be excessive, it’s reason-
able for the UE to send CQI to the MeNB and the SeNB. This
concept is described in FIG. 19. In FIG. 19, UE sends each
CQI to both MeNB and SeNB. Furthermore, it has already
been decided that once dual connectivity is established with
an SeNB, a Special Cell will be configured and activated at all
times. [fRL.M is only applied to the MeNB, the UE will not be
able to monitor the quality of the Special Cell and trigger the
necessary actions. Even if the UE will not trigger RLF as a
result of radio link failure with only the Special Cell, it would
adversely aftect the QoS for the UE if the SeNB is no longer
available as part of dual connectivity; therefore, RLM of the
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Special Cell should be supported. It may be assumed that the
RLF with the SeNB will be based only on the Special Cell.
[0336] Proposal 1: As a baseline, UE should send CQI to
the MeNB and the SeNB.

[0337] Proposal 2: UE should also apply RLM to the SeNB.
[0338] IfProposal2isagreeable, it will also be necessary to
determine whether the MeNB needs to know the status of the
RLM. As It would be necessary for the MeNB to remove the
SeNB as soon as possible to prevent the UE from sending
further SRS to the SeNB in case UL transmission to the SeNB
is also allowed. Additionally, if the MeNB knows the RLF
status of the SeNB, the MeNB could configure the UE with
measurement of other candidate inter-frequency SeNBs.
Although either SeNB or UE may inform the MeNB of the
SeNB’s RLF status, in case the backhaul latency is excessive,
it may be preferable for the UE to provide the SeNB’s RLF
status to the MeNB.

[0339] Proposal 3: MeNB should be notified of the SeNB’s
RLF status.
[0340] Assuming Proposal 3 is agreed, it is also necessary

to determine the form of the notification of the SeNB’s RLF
status to the MeNB. One possibility would be for the UE or
the SeNB to send indication to the MeNB only after the UE
has declared RLF with the SeNB. However, it may also be
beneficial for the MeNB to obtain the CQI information of the
SeNB to better monitor the link to the SeNB since the MeNB
is responsible for the addition/removal/switching of the
SeNB. Since Alt 3C with bearer split option is already agreed
as one of the two UP architectures, it would be up to the
MeNB to determine the traffic that would be steered toward
the SeNB. Having the CQI of the SeNB would also be ben-
eficial for the MeNB to decide the management of the bearer
split.

[0341] Proposal 4: As a baseline, UE should send CQI of
the SeNB to the MeNB. It is FFS whether additional infor-
mation from CSI is also needed.

[0342] (Inter-eNB CA Activation)

[0343] The activation of inter-eNB CA should also be con-
sidered based on Option C1. If the UE is initially camped on
a small cell, the small cell will likely need to handover the UE
to the MeNB prior to inter-eNB CA since the UE should only
have RRC connection with the MeNB. One way to avoid the
need for the handover from the small cell to the MeNB prior
to inter-eNB CA is to ensure that the UE always camp on
MeNB since only the MeNB will configure inter-eNB CA.
However, since the small cell has to support legacy UEs, it
must be able to support legacy UEs as a standalone cell. So it
may be difficult to prevent UEs from camping on small cells.
It is FFS whether further enhancements are needed for the
Cell Reselection procedure for inter-eNB CA capable UEs or
if other enhancements are needed in the Connected mode to
prevent excessive handovers.

[0344] Proposal 5: we should consider whether enhance-
ments are needed for Cell Reselection procedure for inter-
eNB CA capable UEs or if other enhancements are needed in
the Connected mode to prevent excessive handovers.

[0345] (RACH)

[0346] Currently for intra-eNB CA, RAR is only sent from
the PCell; however, this is based on the ideal backhaul which
isn’t the case for inter-eNB CA. In inter-eNB CA, if we
assume that the UE can transmit to both MeNB and SeNB,
then the UE will send a RACH preamble to the SeNB. How-
ever, if the UE can only receive RAR from the MeNB,
depending on the latency of the Xn interface, this may

Jan. 28, 2016

adversely affect how the network can adequately determine
the proper value for the T300 timer. Therefore, it would be
better to allow the SeNB to send the RAR to the UE. If the
RAR is sent from the MeNB then it is also necessary for the
MeNB to know the RACH status, in particular, if the RACH
fails since the MeNB is responsible for configuring inter-eNB
CA. Then the SeNB or the UE should inform the MeNB of
RACH failures.

[0347] Proposal 6: When the UE sends RACH preamble to
the SeNB, the SeNB should send the RAR to the UE.
[0348] Proposal 7: The SeNB or the UE should inform the
MeNB of RACH failures.

INDUSTRIAL APPLICABILITY

[0349] The present disclosure is useful for mobile commu-
nication fields.

1. A base station for a mobile communication system that
supports a dual connectivity, the base station comprising:

a controller configured to establish an RRC connection
with a user terminal, and to perform a mobility controlin
the dual connectivity.

2. The base station according to claim 1, wherein the con-
troller transmits, to another base station, an allocation request
requesting an allocation of additional radio resources for the
user terminal when the base station decides to start the dual
connectivity.

3. The base station according to claim 2, wherein the con-
troller receives a response from the another base station after
a transmission of the allocation request, the response includ-
ing information on a random access channel to be used by the
user terminal to perform a random access to the another base
station.

4. The base station according to claim 1, wherein the con-
troller transmits, to another base station that allocates addi-
tional radio resources to the user terminal during the dual
connectivity, a release request requesting a release of the
additional radio resources when the base station ends the dual
connectivity.

5. The base station according to claim 4, wherein the con-
troller receives, from the another base station, data that the
another base station has not transmitted to the user terminal,
after a transmission of the release request.

6. The base station according to claim 1, wherein the con-
troller receives, from another base station that allocates addi-
tional radio resources to the user terminal during the dual
connectivity, a notification indicating a release of the addi-
tional radio resources when the another base station ends the
dual connectivity.

7. The base station according to claim 6, wherein the con-
troller receives, from the another base station, data that the
another base station has not transmitted to the user terminal in
accordance with the base station allows the release of the
additional radio resources.

8. The base station according to claim 1, wherein the base
station receives, from another base station that allocates addi-
tional radio resources to the user terminal during the dual
connectivity, a notification indicating that an allocation of the
additional radio resources cannot be maintained when the
another base station decides that the allocation of the addi-
tional radio resources should be ended.

9. The base station according to claim 8, wherein the con-
troller receives, from the another base station, data that the
another base station has not transmitted to the user terminal,
after a reception of the notification.
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10. The base station according to claim 1, wherein the
controller receives a first CQI report from a user terminal that
transmits a second CQI report to another base station that
allocates additional radio resources to the user terminal dur-
ing the dual connectivity.

11. The base station according to claim 1, wherein the
controller receives capability information on capability of the
dual connectivity of the user terminal, and decides whether to
apply the dual connectivity to the user terminal based on the
capability information.

12. The base station according to claim 1, wherein the
controller decides a splitting mode of traffic of the user ter-
minal between the base station and another base station, and
notifies the user terminal of the decided splitting mode, when
starting the dual connectivity or during an execution of the
dual connectivity.

13. The base station according to claim 12, wherein the
controller instructs a start of the dual connectivity to the user
terminal while notifying the user terminal of the decided
splitting mode, when starting the dual connectivity.

14. A base station for a mobile communication system that
supports a dual connectivity, the base station comprising:

a controller configured to allocate additional radio

resources to a user terminal during the dual connectivity.

15. The base station according to claim 14, wherein the
controller receives, from another base station that establishes
an RRC connection with the user terminal to perform a mobil-
ity control in the dual connectivity, an allocation request
requesting an allocation of the additional radio resources
when the another base station decides to start the dual con-
nectivity.

16. The base station according to claim 15, wherein the
controller transmits a response to the another base station in
accordance with a reception of the allocation request, the
response including information on a random access channel
to be used by the user terminal to perform a random access to
the base station.

17. The base station according to claim 14, wherein the
controller receives, from another base station that establishes
an RRC connection with the user terminal to perform a mobil-
ity control in the dual connectivity, a release request request-
ing a release of the additional radio resources when the
another base station ends the dual connectivity.

18. The base station according to claim 17, wherein the
controller transmits, to the another base station, data that the
base station has not transmitted to the user terminal, after a
reception of the release request.

19. The base station according to claim 14, wherein the
controller transmits, to another base station that establishes an
RRC connection with the user terminal to perform a mobility
control in the dual connectivity, a notification indicating a
release of the additional radio resources when the base station
ends the dual connectivity.

20. The base station according to claim 19, wherein the
controller transmits, to the another base station, data that the
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another base station has not transmitted to the user terminal in
accordance with the another base station allows the release of
the additional radio resources.

21. The base station according to claim 14, wherein the
base station transmits, to another base station that establishes
an RRC connection with the user terminal to perform a mobil-
ity control in the dual connectivity, a notification indicating
that an allocation of the additional radio resources cannot be
maintained when the base station decides that the allocation
of the additional radio resources should be ended.

22. The base station according to claim 21, wherein the
controller transmits, to the another base station, data that the
base station has not transmitted to the user terminal, after a
transmission of the notification.

23. The base station according to claim 14, wherein the
controller receives a second CQI report from a user terminal
that transmits a first CQI report to another base station that
establishes an RRC connection with the user terminal to
perform a mobility control in the dual connectivity.

24. A user terminal for a mobile communication system
that supports a dual connectivity, the user terminal compris-
ing:

a controller configured to communicate with a base station
that establishes an RRC connection with the user termi-
nal to perform a mobility control in the dual connectiv-
ity.

25. The user terminal according to claim 24, wherein the
controller transmits a first CQI report to the base station and
transmits a second CQI report to another base station that
allocates additional radio resources to the user terminal dur-
ing the dual connectivity.

26. The user terminal according to claim 24, wherein the
controller transmits, to the base station, capability informa-
tion on capability of the dual connectivity of the user terminal.

27. The user terminal according to claim 24, wherein the
controller receives, from the base station, a notification indi-
cating a splitting mode of traffic of the user terminal between
the base station and another base station, when starting the
dual connectivity or during an execution of the dual connec-
tivity.

28. The user terminal according to claim 24, wherein the
controller receives, from the base station, an instruction indi-
cating a start of the dual connectivity, when starting the dual
connectivity.

29. The user terminal according to claim 28, wherein the
instruction comprises information on a random access chan-
nel to beused by the user terminal to perform a random access
to another base station.

30. A processor for controlling a user terminal for a mobile
communication system that supports a dual connectivity, the
processor executing:

a communication with a base station that establishes an

RRC connection with the user terminal to perform a
mobility control in the dual connectivity.
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