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ABSTRACT

An object of the present invention is to provide a radio
communication system and a user device capable of performing
appropriate measurement report operations, even during dual
connectivity (DC) of LTE (eNB) and NR (gNB). The eNB (1002)
includes a first RRC controlling unit that performs control in
RRC layer and a first measurement controlling unit that controls
reception quality measurement of a target cell performed by the
user device. The gNB (100B) includes a second RRC controlling
unit that performs control in the RRC layer and a second
measurement controlling unit that controls reception quality
measurement of a target cell performed by the user device. The
first measurement controlling unit shares information on the
number of carriers to be measured with the second measurement

controlling unit.
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DESCRIPTION

TITLE OF THE INVENTION: RADIO COMMUNICATION SYSTEM AND USER
DEVICE

TECHNICAL FIELD

[0001] The present 1invention relates to a radio
communication system and a user device that executes dual

connectivity with a master node and a secondary node.

BACKGROUND ART

[0002] 3rd Generation Partnership Project (3GPP)
specifies Long Term Evolution (LTE), and with an aim of further
speeding, specifies LTE-Advanced (hereinafter, it is assumed
that the LTE includes the LTE-Advanced). Moreover, in the 3GPP,
speclfications of a successor system of the LTE called 5G New
Radio (NR) and like are being studied.

[0003] Specifically, Non-Patent Document 1 explains that,
in dual connectivity (DC) using a radio base station (eNB) of
the LTE system and a radio base station (gNB) of the NR system,
the eNB and the gNB each 1nclude an entity of a radio resource
control layer (RRC layer) (RRC entity).

[0004] In DC of the LTE (eNB) only, the RRC entity of a
master node (MeNB) had an overall control on the RRC entity of
a user device (User Equipment, UE) that includes the RRC entity
of a secondary node (SeNB). However, in DC of the LTE (eNB)
and the NR (gNB) (LTE-NR DC), the secondary node, too, can
transmit an RRC message directly to the UE. Moreover, the UE,
too, can directly transmit to the secondary node a measurement
report (Measurement Report) of a reception quality of a neighbor

cell belonging to a secondary cell group (SCG).
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PRIOR ART DOCUMENT

NON-PATENT DOCUMENT

[0005] Non-Patent Document 1: 3GPP TR 38.804 V14.0.0
Section 5.2.2.2 Control plane architecture for Dual
Connectivity between LTE and NR, 3rd Generation Partnership
Project; Technical Specification Group Radio Access Network;
Study on New Radio Access Technology; Radio Interface Protocol

Aspects (Release 14), 3GPP, March 2017

SUMMARY OF THE INVENTION

[0006] As explained above, the eNB and the gNB can
independently control their own RRC entities during the DC of
different radio access technologies (RAT), that is, the LTE (the
eNB) and the NR (the gNB). Therefore, there was a problem of
how to cause the UE to transmit a measurement report.

[0007] For example, when a master node is the eNB and a
secondary node 1s the gNB, and the eNB sets an event (for example,
an event equivalent to Event Bl stipulated in 3GPP TS36.331)
for a carrier of a different RAT (that is, the NR), and the gNB
sets an event (equivalent to Event A4) for a carrier of its own
RAT (that 1s, the NR), the configuration settings may conflict
with each other.

[0008] The present invention has been made in view of the
above circumstances. It is an object of the present invention
to provide a radio communication system and a user device
capable of ©performing appropriate measurement report
operations even during dual connectivity (DC) between the LTE
(eNB) and the NR (gNB).

[0009] According to one aspect of the present invention,
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a radio communication system (radio communication system 100)
includes a master node (eNB 100A) that performs radio
communication with a user device (UE 200) via a radio resource
control layer and a secondary node (gNB 100B) that performs
radio communication with the user device via the radio resource
control layer, and supports dual connectivity in which the
master node and the secondary node are simultaneously connected
to the user device. The master node includes a first RRC
controlling unit (RRC controlling unit 120A) that performs
control in the radio resource control layer; and a first
measurement controlling unit (measurement controlling unit
130A) that controls reception quality measurement of a target
cell performed by the user device. The secondary node includes
a second RRC controlling unit (RRC controlling unit 120B) that
performs control in the radio resource control layer; and a
second measurement controlling unit (measurement controlling
unit 130B) that controls reception quality measurement of a
target cell performed by the user device. The first measurement
controlling unit shares information on the number of carriers
to be measured with the second measurement controlling unit.
[0010] According to another aspect of the present
invention, a wuser device (UE 200) that performs radio

communication with a master node via a radio resource control

layer, performs radio communication with a secondary node via
the radio resource control layer, and supports dual
connectivity 1in which the user device is simultaneously
connected to the master node and the secondary node, the user
device 1ncludes a measuring unit (measuring unit 240) that
measures reception quality of a target cell based on a

measurement configuration received from each of the master node
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and the secondary node via the radio resource control layer.
When the number of carriers to be measured exceeds an upper limit
set 1n the user device, the measuring unit disables measurement
of carriers that exceed the upper limit.

[0011] According to still another aspect of the present
invention, a user device that performs radio communication with
a master node via a radio resource control layer, performs radio
communication with a secondary node via the radio resource
control layer, and supports dual connectivity in which the user
device 1s simultaneously connected to the master node and the
secondary node, the user device includes a measuring unit that
measures reception quality of a target cell based on a
measurement configuration received from each of the master node
and the secondary node via the radio resource control layer.
When an event 1in which the measurement results are to be
transmitted to the master node and the secondary node at the
same time occurs, the measuring unit transmits the measurement
result to one of the master node and the secondary node at that

point of time and transmits the measurement result to the other

one at a time later than that point of time.

[0012] According to still another aspect of the present
invention, a radio communication system includes a master node
that performs radio communication with a user device via a radio
resource control layer and a secondary node that performs radio
communication with the user device via the radio resource
control layer, and supports dual connectivity in which the
master node and the secondary node are simultaneously connected
to the user device. The master node includes a first RRC
controlling unit that performs control in the radio resource

control layer; and a first measurement controlling unit that
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controls reception quality measurement of a target cell
performed by the user device. The secondary node includes a
second RRC controlling unit that performs control in the radio
resource control layer; and a second measurement controlling
unit that controls reception quality measurement of a target
cell performed by the user device. A measurement configuration
that indicates configuration settings of the measurement is
common in the first measurement controlling unit and the second
measurement controlling unit.

[0013] According to still another aspect of the present
invention, a radio communication system includes a master node
that performs radio communication with a user device via a radio
resource control layer and a secondary node that performs radio
communication with the user device via the radio resource
control layer, and supports dual connectivity in which the
master node and secondary node are simultaneously connected to
the user device. The master node 1includes a first RRC
controlling unit that performs control in the radio resource
control layer; and a first measurement controlling unit that
controls reception dquality measurement of a target cell
performed by the user device. The secoﬁdary node 1includes a
second RRC controlling unit that performs control in the radio
resource control layer; and a second measurement controlling
unit that controls reception quality measurement of a target
cell performed by the user device. The first RRC controlling
unit determines for the master node and the secondary node a
measurement configuration that indicates configuration
settings of the measurement, and the first measurement
controlling unit notifies the second measurement controlling

unit of the measurement configuration.
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BRIEF DESCRIPTION OF DRAWINGS
[0014]

FIG. 1 1s an overall structural diagram of a radio
communication system 10.

FIG. 2 1s a functional block diagram of eNB 100A.

FIG. 3 1s a functional block diagram of gNB 100B.

FIG. 4 1s a functional block diagram of UE 200.

FIG. 5 1s a diagram for explaining measurement report
(Measurement Report) operations (Operation Example 1)
performed during LTE-NR DC.

FIG. 6 1s a diagram for explaining priority processing
of measurement object performed by the eNB 100A (master node)
and the gNB 100B (secondary node) (first modification of
Operation Example 1).

FIG. 7 1s a diagram for explaining priority processing
of the measurement object performed by the eNB 100A (the master
node) and the gNB 100B (the secondary node) (second modification
of Operation Example 1).

FIG. 8 1s a diagram for explaining priority processing
of the measurement object performed by the eNB 100A (the master
node) and the gNB 100B (the secondary node) (third modification
of Operation Example 1).

FIG. 9 1s a diagram for explaining measurement report
(Measurement Report) operations (Operation Example 2)
performed during the LTE-NR DC.

FIG. 10 1s a diagram for explaining measurement report
(Measurement Report) operations (first modification of

Operation Example 2) performed during the LTE-NR DC.
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FIG. 11 1s a diagram for explaining measurement report
(Measurement Report) operations (second modification of
Operation Example 2) performed during the LTE-NR DC.

FIG. 12 1s a diagram for explaining measurement report
(Measurement Report) operations (Operation Example 3)
performed during the LTE-NR DC.

FIG. 13 1s a diagram showing an example of hardware

configuration of the eNB 100A, the gNB 100B, and the UE 200.

MODES FOR CARRYING OUT THE INVENTION
[0015] Exemplary embodiments of the present invention are
explained below with reference to the accompanying drawings.
In the drawings, structural elements having the same function
or configuration are indicated by the same or similar reference
numerals and the explanation thereof is appropriately omitted.
[0016] (1) Overall Structural Configuration of Radio
Communication System

FIG. 1 1s an overall structural diagram of a radio

communication system 10 according to the present embodiment.

The radio communication system 10 is a radio communication
system using the Long Term Evolution (LTE) and the 5G New Radio
(NR) . The radio communication system 10 includes a radio base
station 100A (hereinafter, "eNB 100A") and a radio base station
100B (hereinafter, "gNB 100B"). The radio communication
system 10 further includes a user device (user equipment) 200
(hereinafter, "UE 200"). The eNB 100A and the gNB 100B perform
radio communication with the UE 200 via an RRC laver.

[0017] In the present embodiment, the eNB 100A is a radio
base station (eNB) of the LTE system (E-UTRA system) and can

constitute a master node. The gNB 100B is a radio base station
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(gNB) of the NR system and can constitute a secondary node.
[0018] The radio communication system 10 supports dual
connectivity (hereinafter, "LTE-NR DC") using the eNB 100A of
the LTE system and the gNB 100B of the NR system. In the DC,
the master node and the secondary node are simultaneously
connected to the UE 200. In other words, the UE 200 can
simultaneously establish connection of a radio resource control
layer (the RRC layer) with the eNB 100A and the gNB 100B, and
can transmit / receive user data.
[0019] As shown in FIG. 1, as the architecture of a control
plane for realizing the LTE-NR DC, the eNB 100A includes S1-C
or NG-C interface for a not-shown core network. Moreover, the
eNB 100A and the gNB 100B are connected via Xx-C interface. The
UE 200 transmits / receives the user data to and from the eNB
100A and the gNB 100B via Uu interface.
[0020] (2) Functional Block Configuration of Radio
Communication System

A functiohal block configuration of the radio
communication system 10 is explained below. Specifically,

functional block configurations of the eNB 100A, the gNB 100B

and the UE 200 are explained below.
(0021] (2.1) eNB 100A and gNB 100B

FIG. 2 1s a functional block diagram of the eNB 100A, and
FIG. 3 1s a functional block diagram of the gNB 100B. As shown
1n FIGS. 2 and 3, the eNB 100A and the gNB 100B include similar
functional blocks.
[0022] Specifically, the eNB 100A includes a radio
communication unit 110A, an RRC controlling unit 1202, and a
measurement controlling unit 130A. The gNB 100B includes a

radio communication unit 110B, an RRC controlling unit 120B,
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and a measurement controlling unit 130B. Functional blocks of
the eNB 100A will be mainly explained below.

[0023] The radio communication unit 110A performs radio
communication using the LTE system. Specifically, the radio
communication unit 110A transmits to / receives from the UE 200
a radio signal using the LTE system. An RRC layer message, user
data, and the like are multiplexed in the radio signal.
[0024] The RRC controlling unit 120A performs control in
the RRC layer. In the present embodiment, the RRC controlling
unit 120A constitutes a first RRC controlling unit.
Specifically, the RRC controlling unit 120A constitutes an RRC
entity using the LTE, and transmits / receives the RRC message.
Accordingly, the RRC controlling unit 120A controls
establishment of RRC connectionwith the UE 200, release thereof,
and the like.

[0025] In the present embodiment, the RRC controlling unit
120A can determine for the eNB 100A and the gNB 100B Measurement
Configuration (measurement configuration) that indicates
configuration settings of the measurement performed in a target
cell by the UE 200.

({0026] The measurement controlling unit 130A controls
reception quality measurement of a target cell performed by the

UE 200. In the present embodiment, the measurement controlling

unit 130A constitutes a first measurement controlling unit.
Specifically, as target cells for the measurement performed by
the UE 200, the measurement controlling unit 130A controls
reception quality measurement of a serving cell and a neighbor

cell of the UE 200.

[0027] More specifically, the measurement controlling

unit 130A determines settings of the Measurement Configuration
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(the measurement configuration). The Measurement
Configuration includes a measurement object, a measurement ID
and a report configuration. The measurement object, the
measurement ID, and the report configuration are as explained
in detalil in Chapter 5.5 of 3GPP TS36.331. For example, as the
measurement object, information on carrier frequency to be
measured is included.

[0028] Accordingly, the  Measurement Configuration
indicates confiquration settings of the measurement of the
target cells performed by the UE 200. In the present
embodiment, the Measurement Configuration can be commonly set
for the measurement controlling unit 130A and the measurement
controlling unit 130B of the gNB 100B.

[0029] Alternatively, only the measurement object and the
measurement ID from the Measurement Configuration can be
commonly set for the measurement controlling unit 130A and the
measurement controlling unit 130B. Alternatively, only the
measurement object from the Measurement Configuration can be

commonly set for the measurement controlling unit 130A and the

measurement controlling unit 130B.

[0030] Moreover, after the RRC controlling unit 120A
determines the Measurement Configuration for the eNB 100A and
the gNB 100B, the measurement controlling unit 130A notifies
the measurement controlling unit 130B of the determined
Measurement Configuration.

[0031] Furthermore, the measurement controllingunit 130A
can share 1information on the number of carriers to be measured
by the UE 200 according to the Measurement Configuration with
the measurement controlling unit 130B.

[0032] Specifically, the measurement controlling unit

10
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130A provides to the measurement controlling unit 130B the
information on the number of carriers to be measured according
to the measurement object of the Measurement Configuration
determined by the measurement controlling unit 130A.
Moreover, the measurement controlling unit 130A acquires from
the measurement controlling unit 130B the information on the
number of carriers to be measured that i1s determined by the
measurement controlling unit 130B.
[0033] Except for the configuration 1in which the
corresponding RAT is the NR, the radio communication unit 110B,
the RRC controlling unit 120B, and the measurement controlling
unit 130B of the gNB 100B shown in FIG. 3 have substantially
the same functions as the radio communication unit 110A, the
RRC controllingunit 120A, and the measurement controlling unit
130A of the eNB 100A.
[0034] In the present embodiment, the RRC controlling unit
120B constitutes a second RRC controlling unit that performs
control i1in the RRC layer, and the measurement controlling unit
130B constitutes a second measurement controlling unit that
controls the reception quality measurement of the target cells
performed by the UE 200.
[0035] (2.2) UE 200

FIG. 4 1s a functional block diagram of the UE 200. As
shown 1n FIG. 4, the UE 200 includes a radio communication unit
210, an LTE-RRC controllingunit 220, an NR-RRC controllingunit
230, and a measuring unit 240.
[0036] The radio communication unit 210 performs radio
communication using the LTE system and the NR system.
Specifically, the radio communication unit 210 transmits to /

recelves from the eNB 100A a radio signal using the LTE system.

11
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Moreover, the radio communication unit 210 transmits to /
receives from the gNB 100B a radio signal using the NR system.
The RRC layer message, user data, and the like are multiplexed
1in the radio signal.

[0037] The LTE-RRC controlling unit 220 performs control
in the RRC layer for the LTE (the eNB 100A). Specifically, the
LTE-RRC controlling unit 220 constitutes an RRC entity using
the LTE, and transmits / receives the RRCmessage. Accordingly,

the LTE-RRC controlling unit 220 performs establishment of the

RRC connection with the eNB 100A, release thereof, and the like.
[0038] The NR-RRC controlling unit 230 performs control
in the RRC layer for the NR (the gNB 100B). Specifically, the
NR-RRC controlling unit 230 constitutes an RRC entity using the
NR, and transmits / receives the RRC message. Accordingly, the
NR-RRC controlling unit 230 performs establishment of the RRC
cbnnection with the gNB 100B, release thereof, and the like.
[0039] The measuring unit 240 measures, based on the
Measurement Configuration received from the eNB 100A and the
gNB 100B, reception quality of the target cells. Specifically,
the measuring unit 240 receives the Measurement Configuration
via the RRC layer from each of the eNB 100A and the gNB 100B.
The Measurement Configuration is included in RRC Connection

Reconfiguration, which is a type of the RRC message, and the

like.

[0040] Particularly, when the number of carriers to be
measured exceeds an upper limit set in the UE 200, the measuring
unit 240 can disable the measurement of carriers that exceed
that upper limit. The upper limit is determined based on the
number of carriers that can be simultaneously measured (the

number of carriers to be measured) by the UE 200.

12
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[0041] When the number of carriers to be measured exceeds
the upper limit set in the UE 200, the measuring unit 240 can
determine carriers for which the measurement i1s to be disabled
based on the priority assigned to the target cells or the
carriers to be measured.
[004 2] Furthermore, when the measurement based on the
Measurement Configuration is instructed from each of the eNB
100A and the gNB 100B, and an event in which the respective
measurement result 1s to be transmitted to the eNB 100A and the
gNB 100B at the same time occurs, the measuring unit 240 can
transmit the measurement result to one of the eNB 100A and the
gNB 100B at that point of time. Inthis situation, the measuring
unit 240 transmits the measurement result to the other one at
a time later than that point of time.
[0043] Furthermore, when the report transmission timings
of the measurement results conflict in the manner explained
above, the measuring unit 240 can determine the measurement
result to transmit first based on the priority assigned to the
target cell or the measurement.
[0044] (3) Operation of Radio Communication System
Operation of the radio communication system 10 1is
explained below. Specifically, the operations related to the
Measurement Configuration (the measurement configuration)
during the dual connectivity (the LTE-NR DC) using the eNB 100A
of the LTE system (the E-UTRA system) and the gNB 100B of the
NR system will be explained below.
[0045] Specifically, Operation Examples 1 to 3 of the
measurement report (Measurement Report) based on the
Measurement Configuration in the LTE-NR DC will be explained

below.

13
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[0046] (3.1) Operation Example 1

In the present operation example, the LTE RRC entity (LTE
RRC) and the NR RRC entity (NR RRC) -operate independently.
[0047] (3.1.1) Basic Operation Example

FIG. 5 1s a diagram for explaining measurement report
(Measurement Report) operations (Operation Example 1)

performed during the LTE-NR DC.

[0048] As shown in FIG. 5, the network side, specifically,

the eNB 100A (the master node), the gNB 100B (the secondary node) ,
and the UE 200 completely independently set the Measurement
Configurations (measurement object / measurement ID / report
configuration) for the LTE RRC and the NR RRC.

[0049] The UE 200 measures the target cell based on the
Measurement Configuration received from each of the eNB 100A
and the gNB 100B. Moreover, the UE 200 transmits to each of
the eNB 100A and the gNB 100B the Measurement Report that
includes the measurement result of the target cell.

[0050] In other words, 1n the present operation example,

the LTE RRC and the NR RRC can simultaneously set the measurement

objects and the measurement IDs for the measurement of the same
carrier frequency. However, the information on the number of

carriers to be measured is shared between the eNB 100A and the

gNB 100B.

[0051] Specifically, as explained above, by exchanging
the respective information on the number of carriers to be

measured, the eNB 100A (the measurement controlling unit 130A)

and the gNB 100B (the measurement controlling unit 130B) adjust

the number of carriers to be measured such that the number does

not exceed the number of measurements that the UE 200 can perform

simultaneously (the upper limit). That is, the upper limit is

14
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the total of the number of carriers to be measured set in the
LTE RRC and the same set in the NR RRC.
[0052] More specifically, the eNB 100A determines the
number of carriers based on the upper limit set in the LTE, and
the gNB 100B determines the number of carriers based on the upper
limit set 1n the NR. Furthermore, the eNB 100A and the gNB 100B
exchange the respective information on the determined number
of carriers, and adjust the total of the determined numbers of
carriers so as not to exceed the number of measurements that
the UE 200 can perform simultaneously.
[0053] (3.1.2) First Modification

In Operation Example 1, the information on the number of
carriers to be measured 1is shared between the eNB 100A and the
gNB 100B. However, 1f such information i1s not shared, there
1s a possibility that the number of carriers to be measured
exceeds the upper limit. In such a case, when the total of the
number of carriers to be measured set by the LTE RRC and the
same set by the NR RRC exceeds the upper limit, the UE 200 can
be configured so as to arbitrarily disable any number of the
measurement objects (carrier frequencies) set by the secondary
node (the gNB 100B in the present embodiment) such that the
number of carriers becomes less than or equal to the upper limit.
[0054] Alternatively, the eNB 100A or the gNB 100B can be
configured so as to set the measurement priority for a master
cell group (MCG) or a secondary cell group (SCG) as low, and
the UE 200 can be configured so as to disable the measurement
objects related to the cell group with the low priority such
that the number of carriers becomes less than or equal to the
upper limit.

[0055] Alternatively, the eNB 100A or the gNB 100B can be

15
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configured so as to assign priority to each measurement ID, and
the UE 200 can be configured so as to disable the measurement
objects corresponding to the measurement ID with low priority
such that the number of carriers becomes less than or equal to
the upper limit.

[0056] The first modification will be explained more
specifically belowwith reference to FIG. 6. FIG. 6 is a diagram
for explaining priority processing of the measurement object
performed by the eNB 100A (the master node) and the gNB 100RB
(the secondary node) (first modification of Operation Example
1) . /

[0057] In FIG. 6, x and y (LTE/E-UTRA), and a, b and ¢ (NR)
are assigned as carrier frequencies (specifically, frequencies
of CC). Also, A3, A4, A6, and Bl shown in the figure indicate
events stipulated in the 3GPP TS36.331, specifically, the
events are stipulated as follows:

[0058]

* A3: Neighbor becomes offset better than PCell / PSCell

* A4: Neighbor becomes better than absolute threshold

* A6: Neighbor becomes offset better than SCell

* Bl: Inter RAT neighbor becomes better than threshold
[0059] As shown 1n FIG. 6, measurements with priority 1
to 4 (priority 1 being the highest priority) are set for cells
in the MCG (the target cells), specifically, the neighbor cells
set by the eNB 100A. Similarly, measurements with priority 1
to 4 are also set for cells in the SCG (the target cells) set
by the gNB 100B.

[0060] In such a configuration, when the upper 1limit, which
1s the number of measurements that the UE 200 (not shown in FIG.

6) can simultaneously perform (specifically, the number of

16
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carriers to be measured) is seven, the UE 200 cannot perform
all the measurements (eight in total), and needs to disable any
one of the measurements.
[0061] For example, when the priority of the SCG is set
lower than the priority of the MCG, the UE 200 disables the
priority 4 measurement (NR Carrier frequency using Event A6)
set by the gNB 100B.
[0062] On the contrary, when the priority of the MCG is
set lower than the priority of the SCG, the UE 200 disables the
priority 4 measurement (NR Carrier frequency c¢ using Event Bl)
set by the eNB 100A.
[0063] (3.1.3) Second Modification

FIG. 7 1s a diagram for explaining priority processing
of the measurement object performed by the eNB 100A (the master
node) and the gNB 100B (the secondary node) (a second
modification of Operation Example 1). Operations that are
different from that of the first modification will be mainly
explained below.
(0064] In the present modification, instead of cells,
priorities are set for carriers. However, the configuration
of cells 1n the MCG and the SCG and the event setting state are
the same as that in the first modification.
[0065] In the present modification, when the upper limit,
which is the number of measurements that the UE 200 (not shown
1n FIG. 7) can simultaneously perform (specifically, the number
of carriers to be measured), is four, the UE 200 cannot perform
all the measurements (five 1n total) and needs to disable one
of the measurements.
[0066] For example, when the priority of the SCG is set
lower than the priority of the MCG, the UE 200 disables the

17
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priority 3 measurement (NR Carrier frequency ¢ using Event A4)
set by the gNB 100B.
[0067] On the contrary, when the priority of the MCG 1is
set lower than the priority of the SCG, the UE 200 disables the
priority 2 measurement (E-UTRA Carrier frequency y using Event
A3 and A6) set by the eNB 100A.
[0068] (3.1.4) Third Modification

FIG. 8 1s a diagram for explaining priority processing
of the measurement object performed by the eNB 100A (the master
node) and the gNB 100B (the secondary node) (a third
modification of Operation Example 1). Operations that are
different from that of the first modification will be mainly
explained below.
[0069] As shown 1n the present operation example, when the
LTE RRC of the eNB 100A and the NR RRC of the gNB 100B operate
independently, there is a possibility that an event in which
the UE 200 (not shown 1in FIG. 8) needs to transmit the Measurement
Report to each of the RRC entities simultaneously, in other
words, at the same time occurs.
[0070] In such a situation, the UE 200 can transmit the
Measurement Report (the measurement result) to one of the eNB
100A (the LTE RRC) and the gNB 100B (the NR RRC) at that point
of time, and transmit the Measurement Report to the other one
at a time later than that point of time.
[0071] In other words, the UE 200 can delay the
transmission of one of the Measurement Reports till the next
transmission time. Certainly, when possible, the UE 200 can
transmit both the Measurement Reports at the same time.
Furthermore, one of the eNB 100A and the gNB 100B can instruct

the UE 200 on which one between the LTE RRC (that is, the MCG)
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and the NR RRC (that 1s, the SCG) 1s to be prioritized.
[0072] Alternatively, as shown in FIG. 8, one of the eNB
100A and the gNB 100B can set priority (1 to 8) for each
measurement using the Event and instruct the same to the UE 200.
[0073] Based on the specified priorities, the UE 200
transmits first a Measurement Report that includes a result of
measurement with high priority. Moreover, if the Measurement
Report includes a plurality of measurement results, the UE 200
can simply give priority to a Measurement Report that includes
a larger number of measurement results, or can compare the
average value of the priorities assigned to the measurements
in the MCG to the average value of the priorities assigned to
the measurements 1n the SCG, and transmit first a Measurement
Report with a low average value (in other words, a relatively
high priority) .

[0074] (3.2) Operation Example 2

In the present operation example, the LTE RRC entity (the
LTE RRC) and the NR RRC entity (the NR RRC) use a common
Measurement Configuration.

[0075] (3.2.1) Basic Operation Example

FIG. 9 1s a diagram for explaining measurement report
(Measurement Report) operations (Operation Example 2)
performed during the LTE-NR DC.
[0076] As shown in FIG. 9, the eNB 100A (the master node)
and the gNB 100B (the secondary node) use a common Measurement
Configuration. As explained above, the Measurement
Configuration includes the measurement object, the measurement
ID, and the report configuration.
[0077] Settings of the Measurement Configuration can be

performed from any of the eNB 100A and the gNB 100B. For
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example, when the Measurement Configuration is set from the eNB
100A (the master node), the eNB 100A transmits RRC PDU (LTE RRC
PDU in the figure) encoded in ASN.1l of the LTE RRC to the UE
200, and notifies the UE 200 of the settings of the Measurement
Configuration. In other words, the settings of the Measurement
Configuration are included in the LTE RRC PDU.
[0078] On the other hand, when the Measurement
Configuration 1s set from the gNB 100B (the secondary node),
the gNB 100B transmits RRC PDU (NR RRC PDU in the figure) encoded
1n ASN.1l of the NR RRC to the UE 200, and notifies the UE 200
of the settings of the Measurement Configuration. In other
words, the settings of the Measurement Configuration are
included in the NR RRC PDU.
[0079] Alternatively, the transmission destination (the
eNB 100A or the gNB 100B) of the Measurement Report can be
specified 1in the report configuration. However, the overall
settings of the Measurement Configuration are set by the eNB
100A and the gNB 100B by coordinating with each other.
[0080] (3.2.2) First Modification

FIG. 10 1s a diagram for explaining measurement report
(Measurement Report) operations (a second modification of
Operation Example 2) performed during the LTE-NR DC. 1In
Operation Example 2 explained above, the measurement object,
the measurement ID and the report configuration were commonly
set. In the present modification, however, only the
measurement object and the measurement ID (parts underlined in
the figure) are commonly set. The report configuration may be

different between the LTE RRC and the NR RRC.

[0081] Settings of the Measurement Configuration are

independently set by the eNB 100A and the gNB 100B. Moreover,
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the transmission destination (the eNB 100A or the gNB 100B) of
the Measurement Report depends on (1s associated with) the RAT
(the LTE or the NR) specified in the report configuration.
[0082] For example, 1f the report configuration is an
information element (IE) encoded in the ASN.1l of the LTE RRC,
the Measurement Report 1s transmitted to the eNB 100A. On the
other hand, 1f the report configuration is an information
element (IE) encoded in the ASN.1 of the NR RRC, the Measurement
Report 1s transmitted to the gNB 100B.
[0083] The measurement object and the measurement ID are
set by the eNB 100A and the gNB 100B by coordinating with each
other.
[0084] (3.2.3) Second Modification

FIG. 11 1s a diagram for explaining measurement report
(Measurement Report) operations (second modification of
Operation Example 2) performed during the LTE-NR DC. In
Operation Example 2 explained above, the measurement object,
the measurement ID and the report configuration were commonly
set. In the present modification, however, only the
measurement object (parts underlined in the figure) is commonly
set.
[0085] Similar to the first modification, settings of the
Measurement Configuration are independently set by the eNB 100A
and the gNB 100B. Moreover, the transmission destination (the
eNB 100A or the gNB 100B) of the Measurement Report depends on
(1s associated with) the RAT (the LTE or the NR) specified in
the report configuration.
[0086] The eNB 100A and the gNB 100B set the measurement
object by coordinating with each other. Moreover, the eNB 100A

and the gNB 100B also set the number of carriers to be measured
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by coordinating with each other.
[0087] (3.3) Operation Example 3

FIG. 12 1s a diagram for explaining measurement report
(Measurement Report) operations (Operation Example 3)
performed during the LTE-NR DC.
[0088] In the present operation example, the RRC entity
of the eNB 100A (the master node), which is referred to as the
LTE~-RRC 1n the present embodiment, also sets the Measurement
Configuration (the measurement object / the measurement ID /
the report configuration) for the NR.
[0089] The eNB 100A sets the overall settings of the
Measurement Configuration by coordinating with the gNB 100B.
The Measurement Configuration notified to the UE 200 by the eNB
100A 1s notified to the gNB 100B by the eNB 100A via Xx-C
interface. For example, the Measurement Configuration can be
notified by using SCG-ConfigInfo message stipulated in the
TS36.331.
[0090] The transmission destination (the eNB 100A or the
gNB 100B) of the Measurement Report depends on (is associated

with) the RAT (the LTE or the NR) specified in the report

configuration.
[0091] (4) Effects and Advantages

The following operational effects can be obtained with
the embodiments explained above. Specifically, in Operation
Example 1 explained above, the information on the number of

carriers to be measured is shared between the eNB 100A and the

gNB 100B. Therefore, independent Measurement Configurations
can be set for the LTE RRC entity (the LTE RRC) and the NR RRC
entity (the NR RRC), making it possible to not exceed the number

of measurements that the UE 200 can perform simultaneously (the
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number of carriers to be measured), that is, the upper limit.
[0092] Accordingly, even during the LTE-NR DC,
appropriate Measurement Report operations can be performed.
[0093] In the first modification of Operation Example 1,
1f the number of carriers to be measured exceeds the upper limit
set 1n the UE 200, the UE 200 can disable the measurement of
carriers that exceed the upper 1limit. Therefore, even when the
information on the number of carriers to be measured is not
shared between the eNB 100A and the gNB 100B, the measurement
can be performed without the number thereof exceeding the upper
limit.

[0094] Furthermore, because priority can be assigned to
a measurement (specifically, a measurement associated with the
target cell or the carrier to be measured) to be disabled,
important measurements can be performed with high probability.
[0095] In the second modification of Operation Example 1,

when an event 1n which the respective Measurement Report is to

be transmitted to the eNB 100A and the gNB 100B at the same time

occurs, the UE 200 can transmit the Measurement Report to one
of the eNB 100A and the gNB 100B at that point of time and transmit
the Measurement Report to the other one at a time later than
that point of time. Accordingly, even when the report
transmission timings of the Measurement Reports to be
transmitted to the eNB 100A and the gNB 100B conflict, the

Measurement Reports can be reliably transmitted.

(0096] Furthermore, because priority can be assigned to
the Measurement Reports to determine which Measurement Report
(specifically, the Measurement Report associated with the
target cell or the measurement) 1s to be transmitted first,

important Measurement Reports can be transmitted with high
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probability.

[0097] According to Operation Example 2, the Measurement
Configuration is commonly set for the eNB 100A (the measurement
controlling unit 130A) and the gNB 100B (the measurement
controlling wunit 130B). Therefore, uniform Measurement
Configuration can be applied to the LTE and the NR. With such
configuration, even during the LTE-NR DC, appropriate
Measurement Report operations can be performed.

[0098] Moreover, 1n the first and the second modifications
of Operation Example 2, only a part of the settings (the
measurement object and the measurement ID) of the Measurement
Configuration can be commonly set for the eNB 100A and the gNB
100B. Therefore, an appropriate common Measurement
Configuration can be set by considering the implementation of
the LTE RRC and the NR RRC, and the like.

[0099] In Operation Example 3, the eNB 100A (the RRC
controlling unit 120A) determines the Measurement
Configuration for each of the eNB 100A and the gNB 100B, and
the eNB 100A (the measurement controlling unit 130A) notifies
the gNB 100B (the measurement controlling unit 130B) of the
determined Measurement Configuration. Accordingly, the
Measurement Configuration can be set as guided by the eNB 100A
(the master mnode), and appropriate Measurement Report
operations can be performed even during the LTE-NR DC.
[0100] Thus, according to the present embodiments, even
during the LTE-NR DC, the eNB 100A and the gNB 100B coordinate
with each other regarding the setting of the Measurement
Configuration, making it possible for the UE 200 to perform
appropriate Measurement Report operations. With such

configuration, even during the LTE-NR DC, communication quality
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of the entire radio communication system 10 can be maintained
and further improved, and radio resources can be efficiently
utilized.
[0101] (5) Other Embodiments

Although the contents of the present invention have been
explained above by using the embodiments, it is obvious for a
person skilled in the art that the present invention is not
limited to those embodiments and that various modifications and
improvements thereof are possible.
[0102] For example, 1n the embodiments explained above,
the eNB 100A 1s a radio base station (eNB) of the LTE system
and constitutes the master node, whereas the gNB 100B is a radio
base station (gNB) of the NR system and constitutes the
secondary node. However, this configuration can be reversed.
In other words, the radio base station (gNB) of the NR system
can constitute the master node and the radio base station (eNB)
of the LTE system can constitute the secondary node.
[0103] Furthermore, the Dblock diagrams wused for
explaining the embodiments (FIGS. 2 to 4) show functional block
diagrams. Those functional blocks (structural components) can
be realized by a desired combination of hardware and / or
software. Means for realizing each functional block is not
particularly limited. That is, each functional block may be
realized by one device combined physically and / or logically.
Alternatively, two or more devices separated physically and /
or logically may be directly and / or indirectly connected (for
example, wired and / or wireless) to each other, and each
functional block may be realized by these plural devices.
[0104] Furthermore, the eNB 100A, the gNB 100B, and the

UE 200 (devices) explained above can function as a computer that
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performs the processing of the present invention. FIG. 13 is
a diagram showing an example of a hardware configuration of the
devices. As shown in FIG. 13, each of the devices can be
configured as a computer device including a processor 1001, a
memory 1002, a storage 1003, a communication device 1004, an
input device 1005, an output device 1006, and a bus 1007.
[0105] Furthermore, the functional blocks of the devices
(see FIGS. 2 to 4) can be realized by any of hardware elements
of the computer device or a desired combination of the hardware
elements.

[0106] The processor 1001, for example, operates an
operating system to control the entire computer. The processor
1001 can be configured with a central processing unit (CPU)
including an 1nterface with a peripheral device, a control
device, a computing device, a register, and the like.

[0107] The memory 1002 1s a computer readable recording
medium and is configured, for example, with at least one of ROM
(Read Only Memory), EPROM (Erasable Programmable ROM), EEPROM
(Electrically Erasable Programmable ROM), RAM (Random Access
Memory) , and the like. The memory 1002 can be called register,
cache, main memory (main memory), and the like. The memory 1002
can store therein a computer program (computer program codes),
software modules, and the like that can execute the method
according to the above embodiments.

[0108] The storage 1003 1is a computer readable recording
medium. Examples of the storage 1003 include an optical disk
such as CD-ROM (Compact Disc ROM), a hard disk drive, a flexible
disk, a magneto-optical disk (for example, a compact disk, a
digital versatile disk, a Blu-ray (Registered Trademark) disk),

a smart card, a flash memory (for example, a card, a stick, a
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key drive), a floppy (Registered Trademark) disk, a magnetic
strip, and the like. The storage 1003 canbe calledanauxiliary
storage device. The recording medium can be, for example, a
database including the memory 1002 and / or the storage 1003,
a server, or other appropriate medium.

[0109] The communication device 1004 i1is hardware (a
transmission / reception device) capable of performing
communication between computers via a wired and / or wireless
network. The communication device 1004 is also called, for
example, a network device, a network controller, a network card,
a communication module, and the like.

[0110] The 1input device 1005 is an input device (for
example, a keyboard, a mouse, a microphone, a switch, a button,
a sensor, and the like) that accepts input from the outside.
The output device 1006 is an output device (for example, a
display, a speaker, an LED lamp, and the like) that outputs data
to the outside. Note that, the input device 1005 and the output
device 1006 may be integrated (for example, a touch screen).
[0111] In addition, the respective devices, such as the
processor 1001 and the memory 1002, are connected to each other
with the bus 1007 for communicating information there among.
The bus 1007 can be constituted by a single bus or can be
constituted by separate buses between the devices.

[0112] In addition, the manner of notification of
information is not 1limited to the one explained in the
embodiments, and the notification may be performed in other
manner. For example, the notification of information can be
performed by physical layer signaling (for example, DCI
(Downlink Control Information), UCI (Uplink Control

Information)), upper layer signaling (for example, RRC
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signaling, MAC (Medium Access Control) signaling, notification
information (MIB (Master Information Block), SIB (System
Information Block) ), other signals, or a combination thereof.
In addition, the RRC signaling can be called an RRC message,
and the RRC signaling can be, for example, an RRC Connection
Setup message, an RRC Connection Reconfiguration message, and
the like.

[0113] Furthermore, the input / output information can be
stored in a specific location (for example, a memory) oOr can
bé managed in a management table. The information to be input
/ output can be overwritten, updated, or added. The information
can be deleted after outputting. The inputted information can
be transmitted to another device.

[0114] The order of the sequences, flowcharts, and the like
in the embodiments can be rearranged unless there 1s a
contradiction.

[0115] Moreover, i1n the embodiments explained above, the
specific operations performed by the eNB 100A (the gNB 100B,
hereinafter the same) can be performed by another network node
(device). Moreover, functions of the eNB 100A can be provided
by combining a plurality of other network nodes.

[0116] Moreover, the terms used in this specification and
/ or the terms necessary for understanding the present
specification can be replaced with terms having the same or
similar meanings. For example, a channel and / or a symbol can
be replaced with a signal (signal). Also, the signal can be
replaced with a message. Moreover, the terms "system" and
"network" can be used interchangeably.

[0117] Furthermore, the used parameter and the like can

be represented by an absolute value, can be expressed as a
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relative value from a predetermined value, or can be represented
by corresponding other information. For example, the radio
resource can be 1ndicated by an index.

[0118] The eNB 100 (base station) can accommodate one or
more (for example, three) cells (also called sectors). 1In a
configuration 1n which the base station accommodates a
plurality of cells, the entire coverage area of the base station
can be divided into a plurality of smaller areas. In each such
a smaller area, communication service can be provided by a base
station subsystem (for example, a small base station for indoor
use RRH: Remote Radio Head).

[0119] The term "cell" or "sector" refers to a part or all
of the coverage area of a base station and / or a base station
subsystem that performs communication service in this coverage.
In addition, the terms "base station" YeNB", "cell", and
"sector" can be used interchangeably. The base stationcanalso
be referred to as a fixed station, Node B, eNode B (eNB), gNode
B (gNB), an access point, a femtocell, a small cell, and the
like.

[0120] The UE 20 1s called by the persons skilled in the
art as a subscriber station, a mobile unit, a subscriber unit,
a radio unit, a remote unit, a mobile device, a radio device,
a radio communication device, a remote device, a mobile
subscriber station, an access terminal, a mobile terminal, a
radio terminal, a remote terminal, a handset, a user agent, a
mobile client, a client, or with some other suitable term.
[0121] As used herein, the phrase "based on" does not mean
"based only on" unless explicitly stated otherwise. In other
words, the phrase "based on" means both "based only on" and

"based at least on'".
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[0122] Furthermore, the terms "including", "comprising",
and variants thereof are intended to be inclusive 1n a manner
simlilar to "having". Furthermore, the term "or" used in the

specification or claims 1s intended not to be an exclusive

disjunction.
[0123] Any reference toanelement using a designation such
as "first", "second", and the 1like used 1n the present

specification generally does not limit the amount or order of
those elements. Such designations can be used in the present
specification as a convenient way to distinguish between two
or more elements. Thus, the reference to the first and second
elements does not imply that only two elements can be adopted,
or that the first element must precede the second element in
some or the other manner.

[0124] Throughout the present specification, for example,
during translation, 1f articles suchas a, an, and the in English
are added, these articles shall include plurality, unless it
1s clearly indicated that it is not so according to the context.
[0125] As described above, the details of the present
invention have been disclosed by using the embodiments of the
present invention. However, the description and drawings
which constitute part of this disclosure should not be
interpreted so as to limit the present invention. From this

disclosure, various alternative embodiments, examples, and

operation techniques will be easily apparent to a person skilled

in the art.

INDUSTRIAL APPLICABILITY

[0126] According to the present invention, appropriate

measurement report operations can be performed even during dual

30



CA 03059155 2015-10-04

connectivity (DC) of LTE (eNB) and NR (gNB) .

EXPLANATION OF REFERENCE NUMERALS

[0127]

10 radio communication system
100A eNB

100B gNB

110A, 110B radlio communication unit
120A, 120B RRC controlling unit

130A, 130B measurement controlling unit
200 UE

210 radio communication unit

220 LTE-RRC controlling unit

230 NR-RRC controlling unit

240 measuring unit
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CLAIMS

1. A radio communication system that includes a master node
that performs radio communication with a user device via a radio
resource control layer and a secondary node that performs radio
communication with the user device via the radio resource
control layer, and supports dual connectivity in which the
master node and the secondary node are simultaneously connected
to the user device, wherein
the master node includes

a first RRC controlling unit that performs control
in the radio resource control layer; and

a first measurement controlling unit that controls
reception quality measurement of a target cell performed by the
user device, and

the secondary node includes

a second RRC controlling unit that performs control
1in the radio resource control layer; and

a second measurement controlling wunit that
controls reception quality measurement of a target cell
performed by the user device, wherein

the first measurement controlling unit shares

information on the number of carriers to be measured with the

second measurement controlling unit.

2. A user device that performs radio communication with a
master node via a radio resource control layer, performs radio
communication with a secondary node via the radio resource
control layer, and supports dual connectivity in which the user

device 1s simultaneously connected to the master node and the
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secondary node, the user device comprising:

a measuring unit that measures reception quality of a
target cell based on a measurement configuration received from
each of the master node and the secondary node via the radio
resource control layer, whereiln

when the number of carriers to be measured exceeds an upper
limit set 1in the user device, the measuring unit disables

measurement of carriers that exceed the upper limit.

3. The user device as claimed 1in Claim 2, wherein the
measuring unit determines carriers for which measurement is to
be disabled based on priority assigned to the target cell or

the carrier to be measured.

4. A user device that performs radio communication with a
master node via a radio resource control layer, performs radio
communication with a secondary node via the radio resource
control layer, and supports dual connectivity in which the user
device 1s simultaneously connected to the master node and the

secondary node, the user device comprising:

a measuring unit that measures reception quality of a
target cell based on a measurement configuration received from
each of the master node and the secondary node via the radio
resource control layer, wherein

when an event in which the measurement results are to be
transmitted to the master node and the secondary node at the
same time occurs, the measuring unit transmits the measurement
result to one of the master node and the secondary node at that
point of time and transmits the measurement result to the other

one at a time later than that point of time.

33



CA 03059155 2015-10-04

5. The user device as claimed in Claim 4, wherein the
measuring unit determines which measurement result is to be
transmitted first based on priority assigned to the target cell

or the measurement.

6. A radio communication system that includes a master node
that performs radio communication with a user device via a radio
resource control layer and a secondary node that performs radio
communication with the user device via the radio resource
control layer, and supports dual connectivity in which the
master node and the secondafy node are simultaneously connected
to the user device, wherein
the master node includes
a first RRC controlling unit that performs control
1in the radio resource control layer; and
a first measurement controlling unit that controls
reception quality measurement of a target cell performed by the
user device, and
the secondary node includes

a second RRC controlling unit that performs control

in the radio resource control layer; and

a second measurement controlling unit that
controls reception quality measurement of a target cell
performed by the user device, wherein

a measurement configuration that indicates
configuration settings of the measurement is common in the first
measurement controlling unit and the second measurement

controlling unit.
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7. The radio communication system as claimed in Claim 6,
wherein the measurement configuration includes a measurement
object, a measurement ID, and a report configuration, and only
the measurement object and the measurement ID are common in the

first measurement controlling unit and the second measurement

controlling unit.

8. The radio communication system as claimed in Claim 6,
wherein the measurement configuration includes a measurement
object, a measurement ID, and a report configuration, and only
the measurement object i1is common in the first measurement

controlling unit and the second measurement controlling unit.

9. A radio communication system that includes a master node
that performs radio communication with a user device via a radio
resource control layer and a secondary node that performs radio
communication with the user device via the radio resource
control layer, and supports dual connectivity in which the

master node and secondary node are simultaneously connected to

the user device, wherein

the master node includes

a first RRC controlling unit that performs control

in the radio resource control layer; and
a first measurement controlling unit that controls

reception quality measurement of a target cell performed by the

user device, and
the secondary node includes

a second RRC controlling unit that performs control

in the radio resource control layer; and

a second measurement controlling unit that
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controls reception quality measurement of a target cell
performed by the user device, wherein
the first RRC controlling unit determines for the
master node and the secondary node a measurement configuration
that indicates configuration settings of the measurement, and
the first measurement controlling unit notifies
the second measurement controlling unit of the measurement

configuration.
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FIG. 13
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