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ABSTRACT

There is provided user equipment of a radio
communication system including a base station and
the user equipment, the user equipment including a
receiver that receives, from the base station,
measurement band information indicating a frequency
range in which received quality is measured in a
system bandwidth; and a measurer that measures the
received quality in the frequency range indicated by
the measurement band information.
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SPECIFICATION

TITLE OF INVENTION
MEASUREMENT OF RECEIVED QUALITY IN WIRELESS
COMMUNICATIONS

TECHNICAL FIELD

[0001] The present invention relates to a user

equipment, a base station, and a measurement method.

BACKGROUND ART
[0002] In an LTE-based mobile communication

system, a user equipment UE in an RRC idle state
measures received qualities (Reference Signal
Received Power (RSRP)/Reference Signal Received
Quality (RSRQ)) of signals which are transmitted
from a base station eNB of a serving cell and a base
station eNB of an adjacent cell, and performs cell
selection or cell reselection on the basis of the
measurement result (for example, see Non-Patent
Document 1).

[0003] A user equipment UE in an RRC connected
state measures received quality of signals which are
transmitted from a base station eNB of a serving
cell and a base station eNB of an adjacent cell and
broadcasts the measurement result as a measurement
report to the base stations eNB, and the base
stations eNB control, for example, a handover on the
basis of the measurement report (for example, see

Non—-Patent Document 2).

Prior Art Document

[Non—-Patent Document]
[0004] Non-Patent Document 1: 3GPP TS 36.304
v12.4.0 (2015-03)

Non-Patent Document 2: 3GPP TS36.331 V12.5.0
(2015-03)

Date Regue/Date Received 2023-06-14
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SUMMARY OF THE INVENTION

[PROBLEM TO BE SOLVED BY THE INVENTION]

[0005] In the current 3GPP, a user equipment UE
is prescribed to measure received quality
(RSRP/RSRQ) using resources of a bandwidth of 6
resource blocks (RB) or 50 RB at the center of a
system band. In general, a user equipment UE often
measures received quality using resources of a
bandwidth corresponding 6 RB in consideration of
power consumption or the like.

[0006] Here, when received quality is measured
using the bandwidth corresponding to 6 RB, there is
a case in which the received quality cannot be
correctly measured. For example, as illustrated in
Fig. 1, a scenario in which a serving cell 1 having
a system bandwidth of 10 MHz (in which an actual
transmission bandwidth is 9 MHz), an adjacent cell 2
having a system bandwidth of 5 MHz (in which an
actual transmission bandwidth is 4.5 MHz) centered
on a frequency separated by -2.5 MHz from the center
frequency of the serving cell 1, and an adjacent
cell 3 having a system bandwidth of 5 MHz (in which
an actual transmission bandwidth is 4.5 MHz)
centered on a fregquency separated by +2.5 MHz from
the center frequency of the serving cell 1 are
present is assumed. In this scenario, a gap of 0.5
MHz (5 - (4.5 + 4.5)/2 = 0.5) is generated between
the transmission bands of the adjacent cell 2 and
the adjacent cell 3. Accordingly, when the received
quality is measured using the bandwidth
corresponding to 6 RB at the center of the system
bandwidth in the serving cell 1, degrees of
interference of the adjacent cell 2 and the adjacent
cell 3 are not satisfactorily considered.

[0007] In order to solve this problem, in Release
11 of the LTE, a structure which is called wideband
RSRQ measurement is defined. The wideband RSRQ



10

15

20

25

30

35

CA 03023353 2018~11~05

measurement is a system in which the received
quality is measured using the actual transmission
bandwidth of the system bandwidth. However, since
the received quality is measured using a large
bandwidth, the power consumption of the user
equipment using the wideband RSRQ measurement
increases.

[0008] In the 3GPP, fifth-generation (5G) radio
technology has been studied to realize a further
increase in capacity of the system capacity. Since
there is a high possibility that radio technology
other than the LTE will be employed in the 5G, a
radio network supporting the 5G is referred to as a
new radio access network (NewRAT) to distinguish it
from the radio network supporting the LTE.

[0009] In the 5G, it is assumed that a system
bandwidth larger than the system bandwidth (20 MHz
in maximum) of the LTE is supported. Accordingly,
there is a problem in that power consumption of a
user equipment further increases when the wideband
RSRQ measurement is used. Accordingly, in the 5@G,
structure that can sclve the problem described above
with reference to Fig. 1 and suppress power
consumption of a user equipment is necessary in
measuring received quality.

[0010] A technique disclosed herein is made in
consideration of the above-mentioned circumstances
and an object thereof is to provide a technique
enabling a received quality measuring method to be
flexibly set in a user equipment so as to accurately
measure interference of an adjacent cell for each
cell.

[MEANS FOR SOLVING THE PROBLEM]

[0011] According to an aspect of the present
invention, there is provided user equipment of a
radio communication system including a base station

a
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and the user equipment, the user equipment including
a receiver that receives, from the base station,
measurement band information indicating a frequency
range in which received quality is measured in a
system bandwidth; and a measurer that measures the
received quality in the frequency range indicated by
the measurement band information.

[ADVANTAGE OF THE INVENTION]

[0012] According to the disclosed technique, a
received quality measuring method can be flexibly
configured in user equipment, and, thus,
interference caused by an adjacent cell can be
accurately measured for each cell.

BRIEF DESCRIPTION OF DRAWINGS
[0013] Fig. 1 is a diagram illustrating a

problem;

Fig. 2 is a diagram illustrating an example of
a configuration of a radio communication system
according to an embodiment;

Fig. 3 is a sequence diagram illustrating an
example of a processing sequence which is performed
by the radio communication system according to the
embodiment ;

Fig. 4 is a diagram illustrating an example of
a configuration of measurement band information;

Fig. 5 is a diagram illustrating an example of
a configuration of the measurement band information;

Fig. 6 is a diagram illustrating an example of
arrangement of a synchronization signal;

Fig. 7A is a diagram illustrating an example of
arrangement (time multiplexing) of a synchronization
signal and a reference signal;

Fig. 7B is a diagram illustrating an example of
arrangement (time multiplexing) of a synchronization
signal and a reference signal;
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Fig. 8 is a diagram illustrating an example of
arrangement (frequency multiplexing) of a
synchronization signal and a reference signal;

Fig. 9 is a diagram illustrating beam sweeping;

Fig. 10 is a diagram illustrating an example of
a functional configuration of a user equipment
according to the embodiment;

Fig. 11 is a diagram illustrating an example of
a functional configuration of a base station
according to the embodiment; and

Fig. 12 is a diagram illustrating an example of
a hardware configuration of a user equipment and a
base station according to the embodiment.

[EMBODIMENTS OF THE INVENTION]
[0014] Hereinafter, embodiments of the invention
will be described with reference to the accompanying
drawings. The embodiments described below are only
examples and embodiments of the invention are not
limited to the following embodiments. For example,
a radio communication system according to the
embodiments is assumed to be an LTE-based (including
5G) system, but the invention is not limited to the
LTE (including 5G) and can be applied to another
scheme. 1In the specification and the appended
claims, "LTE" is used in a wide meaning including
fifth-generation communication schemes corresponding
to Releases 10, 11, 12, 13, and 14 of 3GPP and
releases subsequent thereto as well as communication
schemes corresponding to Releases 8 and 9 of 3GPP.
[0015] «<System Configurations

Fig. 2 is a diagram illustrating an example of
a configuration of a radio communication system
according to an embodiment. As illustrated in Fig.
2, the radio communication system according to this
embodiment includes a base station eNB and a user
equipment UE. One base station eNB and one user
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equipment UE are illustrated in Fig. 2, but this is
only an example and plural base stationg and plural
user equipments UE may be present.
[0016] The base station eNB and the user
equipment UE may support both the LTE and the NewRAT
(NR) of the 5G, may support only the NewRAT (NR) of
the 5G, or may support only the LTE.
[0017] <Processing Sequence>

Fig. 3 is a sequence diagram illustrating an
example of processing sequence which is performed by
the radio communication system according to the
embodiment .
[0018] In Step S11, a base station eNB transmits
measurement band information (hereinafter referred
to as "measurement band information") indicating a
frequency range in which received quality is
measured to a user equipment UE. When the user
equipment UE is in the RRC connected state, the base
station eNB may transmit the measurement band
information to the user equipment UE using an RRC
message. When the user equipment UE is in the RRC
idle state, the base station eNB may transmit
(broadcast) the measurement band information using
broadcast information. A setting example of the
measurement band information is illustrated in Fig.
4. As illustrated in Fig. 4, an arbitrary frequency
range can be set in the measurement band informatiomn.
The frequency range may be expressed using indicesg
of RBs. For example, when indices (for example,
RB#0 to RB#100 in the ascending order) are allocated
to the RBs over the entire system band in advance,
the frequency range may be expressed, for example,
by RB#10 to RB#20.
[0019] The frequency range may be set in any way,
but it is preferable that the frequency range be set
to frequencies (frequencies at which the problem
described with reference to Fig. 1 does not occur)
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at which an interference of an adjacent cell can be
appropriately measured. In order to suppress power
consumption of the user equipment UE, it is
preferable that a width of the frequency range (a
measurement band) be set to a certain narrow
bandwidth.

[0020] In Step 812, the user eguipment UE
measures received quality of a cell in the frequency
range indicated by the measurement band information
received from the base station eNB. The received
quality may be RSRQ, RSRP, RSSI, or SINR and may
include a part or all thereof.

[0021] The measurement of the received quality
may be performed using any method, but the user
equipment UE may measure the received quality, for
example, using any one of a reference signal or a
synchronization signal which is mapped on the
frequency range indicated by the measurement band
information. The reference signal may be a
reference signal specific to the user equipment UE
or may be a reference signal specific to the cell.
Similarly, the synchronization signal may be a
synchronization signal (SS) specific to the user
equipment UE or may be a synchronization signal
specific to the cell.

[0022] The user equipment UE may switch the
received quality measuring method in the RRC

connected state and the RRC idle state. For example,

the user equipment UE may measure the received
quality using the reference signal specific to the
user equipment UE or the synchronization signal
specific to the user equipment UE when it is in the
RRC connected state, and may measure the received
quality using the reference signal specific to the
cell or the synchronization signal specific to the
cell when it is in the RRC idle state.

[0023] In Step S13, the user equipment UE reports
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the measurement result of the received quality to
the base station eNB.

[0024] The processing sequence which is performed
by the radio communication system according to the
embodiment has been described hitherto. Through the
above-mentioned processing sequence, the measurement
band can be set in consideration of the interference
of an adjacent cell. Even when the system bandwidth
is wide, it is possible to suppress the measurement
band and to suppress the power consumption of the
user equipment UE based on the measurement of the
received quality.

[o025] Ag illustrated in Fig. 5, plural frequency
ranges may be set in the measurement band
information which is transmitted from the base
station eNB to the user equipment UE in the
processing sequence of Step S11. In this case, in
the processing sequence of Step S12, the user
equipment UE measures the received quality for each
of the plural frequency ranges. In the processing
sequence of Step S13, the user equipment UE may
report the measured received gualities to the base
station eNB or may report an average value of the
measured received gqualities to the base station eNB.
In the example illustrated in Fig. 5, three
frequency ranges of sub-band #1, sub-band #2, and
sub-band #3, and the user equipment UE measures the
received qualities of sub-band #1, sub-band #2, and
sub-band #3 and reports the measured received
qualities to the base station eNB.

[0026] Accordingly, even when the system
bandwidth is wide and the interference of an
adjacent cell varies depending on the frequency, it
ig possible to suppress the power consumption of the
user equipment UE and to appropriately measure the
received quality.

[0027] At a timing such as an attachment timing,



CA 03023353 2018~11~05

the user equipment UE may transmit capability
information (for example, UE Capability Information)
indicating whether the user equipment UE has
capability of receiving the measurement band
information in which plural frequency ranges are set
and measuring the received quality to the base
station eNB. Accordingly, only when the user
equipment UE has the capability, the base station
eNB can transmit the measurement band information in
which plural frequency ranges are set to the user
equipment UE.

[0028] (Synchronization Signal and Reference
Signal)

In Step S12, in order to cause the user
equipment UE in the RRC idle state to measure the
received quality using the synchronization signal
(the synchronization signal specific to the cell)
and/or the reference signal (the reference signal
specific to the cell), the base station eNB needs to
the synchronization signal and/or the reference
signal in advance in the measurement band indicated
by the measurement band information. However, in
the conventional rule of the LTE, the
synchronization signal is fixedly defined to be
transmitted using six RB at the center of the system
band. Accordingly, in order to embody the invention,
a structure for causing the base station eNB to
transmit the synchronization signal and the
reference signal, which are used to measure the
quality, in an arbitrary band in the system band is
required.

[0029] [Synchronization Signal]

In this embodiment, as illustrated in Fig. 6,
the base station eNB transmits the synchronization
signal in an arbitrary band in the system band and
transmits broadcast information (Master Information
Block (MIB)) including the center frequency of a
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carrier and/or the system bandwidth in the same band
as the synchronization signal or a band separated by
a predetermined offset from the synchronization
signal. The predetermined offset may be defined in
advance in a standard specification. A
corresponding relationship between a signal sequence
of the synchronization signal and the offset value
may be defined in advance in a standard
specification and the user eqguipment UE may
recognize the offset value from the signal sequence
of the received synchronization signal.

[0030] More specifically, the base station eNB
may include information indicating the system
bandwidth in an MIB which is transmitted using a
physical broadcast channel (PBCH) and transmit the
MIB, and may include information indicating the
center frequency of the carrier in a system
information block (SIB) (for example SIBl) which is
transmitted using a physical downlink shared channel
(PDSCH) and transmit the SIB. Alternatively, the
base station eNB may include the information
indicating the center frequency of the carrier in an
MIB and transmit the MIB, and may include the
information indicating the system bandwidth in an
SIB (for example, SIB1l) and transmit the SIB. The
base station eNB may include the information
indicating the system bandwidth and the information
indicating the center frequency of the carrier in an
MIB and transmit the MIB. Information indicating
positions of radio resources (a time resource and a
frequency resource) in which the SIB is included in
the MIB.

[0031] The base station eNB may transmit the
synchronization signal using six PRB similarly to
the conventional LTE, but is not limited thereto and
may transmit a bandwidth other than the six PRB.
{0032] Accordingly, the user equipment UE can

10
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recognize the center frequency of the carrier and
the system bandwidth by receiving broadcast
information after detecting the synchronization
signal by cell search. The user equipment UE can
recognize at what position the synchronization
signal is present in the system band.
[0033] [Reference Signall

The base station eNB may time-multiplex the
reference signal (for example, a cell specific
reference signal (CRS)), which is used to measure
the received quality by the user equipment UE, in
the same band as the synchronization signal. Fig.
7A illustrates a state in which a synchronization
signal and a reference signal are time-multiplexed
and transmitted in the same band. Fig. 7B
illustrates an example of resource mapping when a
synchronization signal and a reference signal are
time-multiplexed. A symbol (or a resource element)
in which a reference signal is transmitted in a slot
in which the synchronization signal is transmitted
may be defined in advance in a standard
specification or may be uniquely determined on the
basis of the sequence of the synchronization signal.
[0034] The base station eNB may transmit the
reference signal, which is used to measure a
received quality by the user equipment UE, in a band
different from that of the synchronization signal.
Fig. 8 illustrates a state in which a
synchronization signal and three reference signals
are transmitted in different bands. The base
station eNB may include information indicating the
bands (frequency resources) in which the reference
signals are transmitted in the MIB and transmit the
MIB or may include the information in the SIB (for
example, 8IB1l) and transmit the SIB. A symbol (or a
resource element) in which the reference signal is
transmitted may be defined in advance in a standard

11
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specification or may be uniquely determined on the
basis of the sequence of the synchronization signal.
Accordingly, the user equipment UE can recognize the
resource in which the reference signal used to
measure the received quality is transmitted by
receiving broadcast information after detecting the
synchronization signal by cell search.
f0035] In order to the user equipment UE
performing cell reselection to recognize the
resources in which the reference signals are
transmitted, the base station eNB may additionally
include the information indicating the bands
(frequency resources) in which the reference signals
are transmitted in a cell as a reselection
destination in a specific SIB (for example, SIB3 and
SIB5) and transmit the specific SIB. A symbol (or a
resource element) in which a reference signal is
transmitted in the cell as the reselection
destination may be defined in advance in a standard
specification or may be uniquely determined on the
basis of the sequence of the synchronization signal.
The user equipment UE can recognize the resource in
which the reference signal to be used to measure the
received quality is transmitted in the cell as a
reselection destination by receiving the information
using the specific SIB.
[0036] (Received Quality Measuring Method when
Beam Forming is Performed)

In the 5G, it is assumed that a frequency band
(for example, equal to or higher than 6 GHz) higher
than the frequency which is used in the conventional
LTE is used. When a high frequency band is used,
the coverage i1s generally narrowed. Therefore, in
the 3GPP, a technigque called beam sweeping in which
the coverage is secured in the entire areas of 360
degrees by transmitting plural narrow beams in the
cell and sequentially switching the beam direction

12
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with the lapse of time has been proposed. In the
example illustrated in Fig. 9, a signal is
transmitted by plural narrow beams rightward from
the base station. The base station transmits the
signal at the entire areas of 360 degrees by
sequentially switching the transmission direction of
the plural narrow beams to upward, leftward, and
downward with the lapse of time. Regarding the time
interval in which the beam transmission direction is
switched, it has been proposed that the beam
transmission direction is switched such that the
signal is transmitted in the entire areas of 360
degrees within one sub-frame (1 ms in the LTE).
[0037] Here, in the conventiocnal LTE, the user
equipment UE in the standby state (in the RRC idle
mode) performs cell selection or cell reselection
with its own state transition. The cell selection
selects a cell having the highest received quality
(the strongest cell) among cells satisfying a cell
selection criterion (cell selection criterion 8) out
of cells which have been discovered by scanning a
predetermined frequency. The cell selection
criterion is defined by Expression 1 in 3GPP
specifications (Non-Patent Document 1). Srxlev
which is used in Expression 1 is defined by Eguation
2 and sSqual is defined by Expression 3.

[0038] Srxlev > 0AND Sqgual > 0 (Expression 1)
Srxlev = Qrxievmeas - (Qrxlevmin + Qrxlevminoffset) -
Pcompensation - Qoffsettemp

(Expression 2)

Squal = Qqualmeas - (Qqualmin + Qqualmincffset) -
Qoffsettemp

(Expression 3)

Srxlev is a value of a received level (an RX
level value). Squal is a value of a received
guality (a quality value). OQOixievmeas 18 & value of a
received level (RSRP) in a measured cell. Qgualmeas

13
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is a value of a received quality (RSRQ) in a
measured cell. Qrxlevmin 18 a minimum value of a
requested received level. OQgualmin 18 @ minimum value
of a requested received level. Qirxlevminoffset:s
Qqualminoffset, aANA Qorrsettemp are predetermined offset
values. Pceompensation 18 a compensated value of uplink
transmitting power of the user equipment UE.

[0039] The cell reselection is to rank a cell
satisfying the above-mentioned cell selection
criterion (the cell selection criterion 8) among the
cell discovered by scanning a predetermined
frequency using a cell ranking criterion (a cell
ranking criterion R) and to select a cell having a
highest rank (a best cell). The cell ranking
criterion is defined by Expressions 4 and 5 in the
3GPP specifications (Non-Patent Document 1).
Expression 4 is applied to a serving cell and
Expression 5 is applied to an adjacent cell.

[0040] Rs = Queas,s + Quyst - Qoffsettemp (Expression
4)

Rn = Qmeas,n - Qoffset - Qoffsettemp (Expression
5)

Quneas 18 a value of an RSRP. More specifically,
QOmeas,s 18 an RSRP value of a serving cell, and Qpeas,n
is an RSRP value of an adjacent cell. Qgy.x and
Qoffsettemp are predetermined offset values.

[0041] When the above-mentioned beam sweeping isg
performed, plural beams are transmitted from the
same base station eNB. Here, as illustrated in Fig.
9, it is assumed that the base station eNB transmits
a synchronization signal (a cell specific
synchronization signal) and a reference signal (a
cell specific reference signal) using the same cell
ID (PCI: Physical Cell ID) for the plural beams. It
is also assumed that the base station eNB transmits
the same information for the plural beams regarding
the broadcast information (the MIB and the SIB). 1In

14
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this case, according to the conventional LTE
structure, there is a possibility that the user
egquipment UE receiving plural beams will erroneocusly
recognize that plural cells having the same cell ID
are present.

[0042] Therefore, when plural beams having the
same cell ID are received in a cell to be measured,
the user equipment UE may measure signals
(synchronization signal or reference signal) which
are transmitted in the plural beams and may consider
a highest received quality (for example,
RSRP/RSRQ/RS-SINR/other measurement indicesg) among
the measured received qualities of the beams as the
received quality of the cell to be measured.

[0043] In this case, in Expressions 2 and 3,
Qrxlevmeas May be defined as a received level (RSRP)
value of the beam having the highest received level
(RSRP) in the measured cell (or among the beams
having the same cell ID). Qqgualmeas May be defined as
a received gquality (RSRQ) value of the beam having
the highest received quality (RSRQ) in the measured
cell (or among the beams having the same cell ID).
In Expressions 4 and 5, Qpeas may be defined as a
received level (RSRP) value of the beam having the
highest received level (RSRP) in the measured cell
(or among the beams having the same cell ID).

[0044] As another method, when plural beams
having the same cell ID are received, the user
equipment UE may measure signals (synchronization
signals or reference signals) which are transmitted
in the plural beams in the cell to be measured and
may consider an average value of the measured
received qualities (for example, RSRP/RSRQ/RS-
SINR/other measurement indices) of the beams as the
received quality of the cell to be measured.

[0045] In this case, in Expressions 2 and 3,
Qrxlevmeas May be defined as an average value of the

15
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received levels (RSRP) of the beams in the measured
cell (or among the beams having the same cell ID).
Qquaimeas may be defined as an average value of the
received qualities (RSRQ) of the beams in the
measured cell (or among the beams having the same
cell ID). 1In Expressions 4 and 5, Qpeas may be
defined as an average value of the received levels
(RSRP) of the beams in the measured cell (or among
the beams having the same cell ID).
[0046] In the above description, the cell ID may
be replaced with an evolved cell global identifier
(ECGI). In Expressiong 1 to 5, RS-SINR or other
measurement indices may be used instead of one or
both of the RSRP and the RSRQ).
[0047] In the above description, a "beam" may be
referred to as a "pre-coded signal" or may be
referred to as a "signal transmitted from a specific
antenna port." An antenna port refers to a logical
antenna port which is defined in the 3GPP. For
example, the specific antenna port may be an antenna
port which is defined to perform beam sweeping.
[0048] According to the above-mentioned
measurement method, it is possible to appropriately
measure a received quality even when beam sweeping
is performed.
[0049] <Functional Configurations>

Hereinafter, an example of a functional
configuration of a user eguipment UE that performs
an operation according to the embodiment of the
invention will be described.
[0050] (User Equipment)

Fig. 10 is a diagram illustrating an example of
a functional configuration of a user equipment
according to the embodiment. As illustrated in Fig.
10, the user equipment UE includeg a signal
transmitting unit 101, a signal receiving unit 102,
a storage unit 103, and a measurement unit 104. Fig.

16
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10 illustrates only functional units, which are
particularly associated with the invention, in the
user equipment UE, and the user equipment UE has at
least a function, which is not illustrated, for
performing operations based on the LTE (including
the 5G).

[0051] The signal transmitting unit 101 has a
function of generating various signals of a physical
layer from a signal of an upper layer to be
transmitted from the user equipment UE and
wirelessly transmitting the generated signals. The
signal receiving unit 102 has a function of
wirelegsly receiving various signals from the base
station eNB and acquiring a signal of an upper layer
from the received signals of the physical layer.

The signal receiving unit 102 receives measurement
band information indicating a fregquency range in
which a received quality is measured in a system
bandwidth from the base station eNB and stores the
received meagurement band information in the storage
unit 103. The measurement band information may
include plural frequency ranges. The signal
receiving unit 102 may receive the measurement band
information from the base station eNB using an RRC
message in an RRC connected state and may receive
the measurement band information from the base
station eNB using broadcast information in an RRC
idle state.

[0052] The storage unit 103 has a function of
storing the measurement band information received
from the base station eNB.

[0053] The measurement unit 104 has a function of
measuring a received quality in the frequency range
indicated by the measurement band information. The
measurement unit 104 may measure the received
quality using one of a reference signal and a
synchronization signal which is mapped on the
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frequency range indicated by the measurement band
information. When signalg transmitted using plural
beams (specific antenna ports) are received in the
frequency range indicated by the measurement band
information and the cell IDs included in the
received signals are the same, the measurement unit
104 may consider a signal having the highest
received quality among the signals having the same
cell ID as the measured received quality.
[0054] (Base Station)

Fig. 11 is a diagram illustrating an example of
a functional configuration of a base station
according to the embodiment. As illustrated in Fig.
11, the base station eNB includes a signal
transmitting unit 201, a signal receiving unit 202,
and a broadcast unit 203. Fig. 11 illustrates only
functional units, which are particularly associated
with the invention, in the base station eNB, and the
base station eNB has at least a function, which is
not illustrated, for performing operations based on
the LTE (including the 5G).
[0055] The signal transmitting unit 201 has a
function of generating various signals of a physical
layer from a signal of an upper layer to be
transmitted from the base station eNB and wirelessly
transmitting the generated signals. The signal
receiving unit 202 has a function of receiving
various radio signals from the user egquipment UE and
acquiring a signal of an upper layer from the
received signals of the physical layer. The signal
transmitting unit 201 has a function of transmitting
a synchronization signal in the frequency range
indicated by the measurement band information in a
system bandwidth and transmitting an MIB including
information indicating the system bandwidth and/or
information indicating a center frequency of a
carrier. The signal transmitting unit 201 may
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transmit the synchronization signal in the frequency
range indicated by the measurement band information
in the system band and may transmit the MIB
including information indicating the system
bandwidth and an SIB including information
indicating the center frequency of the carrier. The
signal transmitting unit 201 may transmit the
synchronization signal in the frequency range
indicated by the measurement band information in the
system band and may transmit the MIB including
information indicating the center frequency of the
carrier and the SIB including information indicating
the system bandwidth.
[0056] The broadcast unit 203 has a function of
broadcasting the measurement band information
indicating the frequency range in which the user
equipment UE measures the received quality in the
system bandwidth to the user equipment UE.
[0057] <Hardware Configuration>

The block diagrams (Figs. 10 and 11) which are
used above to describe the embodiment illustrate
blocks in the units of functions. The functional
blocks (constituent units) are embodied in an
arbitrary combination of hardware and/or software.
Means for embodying the functional blocks is not
particularly limited. That is, the functional
blocks may be embodied by one unit which is
physically and/or logically coupled or may be
embodied by two or more units which are physically
and/or logically separated and which are connected
directly and/or indirectly (for example, in a wired
and/or wireless manner).
[0058] For example, the user equipment UE and the
base station eNB in the embodiment may function as
computers that perform the processes of the
measurement method according to the invention. Fig.
12 is a diagram illustrating an example of a
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hardware configuration of the user equipment and the
base station according to the invention. The user
equipment UE and the base station eNB may be
physically configured as a computer device including
a processor 1001, a memory 1002, a storage 1003, a
communication unit 1004, an input unit 1005, an
output unit 1006, and a bus 1007.

[0059] In the following description, a word
"unit" may be referred to as a circuit, a device, a
unit, or the like. The hardware configurations of
the user equipment UE and the base station eNB may
include one or more units illustrated in the drawing
or may not include some units.

[0060] The functions of the user equipment UE and
the base station eNB are realized by causing
hardware such as the processor 1001 and the memory
1002 to read predetermined software (a program) and
causing the processor 1001 to perform computation
and to control communication of the communication
unit 1004 and reading and/or writing of data in the
memory 1002 and the storage 1003.

[0061] The processor 1001 controls the computer
as a whole, for example, by operating an operating
system. The processor 1001 may be constituted by a
central processing unit (CPU) including an interface
with peripherals, a contrecl unit, a calculation unit,
a register, and the like. For example, the signal
transmitting unit 101, the signal receiving unit 102,
the storage unit 103, and the measurement unit 104
of the user equipment UE and the signal transmitting
unit 201, the signal receiving unit 202, and the
broadcast unit 203 of the base station eNB may be
embodied by the processor 1001.

[0062] The processor 1001 reads a program
(program codes), a software module, or data from the
storage 1003 and/or the communication unit 1004 to
the memory 1002 and performs various processes in
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accordance therewith. As the program, a program
causing a computer to perform at least a part of the
operations described above in the embodiment is used.
For example, the signal transmitting unit 101, the
signal receiving unit 102, the storage unit 103, and
the measurement unit 104 of the user equipment UE
and the signal transmitting unit 201, the signal
receiving unit 202, and the broadcast unit 203 of

the base station eNB may be embodied by a control
program which is stored in the memory 1002 and
operated by the processor 1001 or the other
functional blocks may be gimilarly embodied.

Various procesgses described above have been
described to be performed by a single processor 1001,
but may be simultaneously or sequentially performed
by two or more processors 1001. The processor 1001
may be mounted as one or more chips. The program
may be transmitted from a network via an electric
communication line.

[0063] The memory 1002 is a computer-readable
recording medium and may be constituted, for example,
by at least one of a read only memory (ROM), an
erasable programmable ROM (EPROM), an electrically
erasable programmable ROM (EEPROM), and a random
access memory (RAM). The memory 1002 may be
referred to as a register, a cache, or a main memory
(a main storage unit). The memory 1002 can store a
program (program codes), a software module, or the
like which can be executed to perform the

measurement method according to the embodiment.

[0064] The storage 1003 is a computer-readable
recording medium and may be constituted, for example,
by at least one of an optical disc such as a compact
disc ROM (CD-ROM), a hard disk drive, a flexible
disk, a magneto-optical disk (such as a compact disk,
a digital versatile disk, or a Blu-ray (registered
trademark) disk), a smart card, a flash memory (such
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as a card, a stick, or a key drive), a floppy
(registered trademark) disk, and a magnetic strip.
The storage 1003 may be referred to as an auxiliary
storage unit. Examples of the recording medium may
include a database including the memory 1002 and/or
the storage 1003, a server, and another appropriate
medium.

[0065] The communication unit 1004 is hardware (a
transceiver device) that allows communication
between computers via a wired and/or wireless
network and is referred to as, for example, a
network device, a network controller, a network card,
or a communication module. For example, the signal
transmitting unit 101 and the gignal receiving unit
102 of the user equipment UE and the signal
transmitting unit 201 and the signal receiving unit
202 of the base station eNB may be embodied by the
communication unit 1004.

fooe6] The input unit 1005 is an input device
(such as a keyboard, a mouse, a microphone, a switch,
a button, or a sensor) that receives an input from
the outside. The output unit 1006 is an output
device {such as a display, a speaker, or an LED
lamp) that performs outputting to the outside. The
input unit 1005 and the output unit 1006 may be
configured as a unified body (such as a touch panel).
[0067] The units such as the processor 1001 and
the memory 1002 are connected to each other via the
bus 1007 for transmitting and receiving information.
The bus 1007 may be constituted by a single bus or
may be configured by different buses for the units.
[0068] The user equipment UE and the base station
eNB may be configured to include hardware such asg a
microprocegsor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a
programmable logic device (PLD), or a field
programmable gate array (FPGA) or a part or all of
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the functional blocks may be embodied by the
hardware. For example, the processor 1001 may be
mounted as at least one hardware module.
[0069] <Conclusion>

According to the above-degscribed embodiment,
there is provided user equipment of a radio
communication system including a base station and
the user equipment, the user equipment including a
receiver that receives, from the base station,
measurement band information indicating a frequency
range in which received quality is measured in a
system bandwidth; and a measurer that measures the
received quality in the frequency range indicated by
the measurement band information. With this user
equipment UE, a received quality measuring method
can be flexibly configured in the user equipment,
and, thus, interference caused by an adjacent cell
can be accurately measured for each cell.
[0070] The measurement band information may
include plural frequency ranges. Accordingly, even
when the system band is wide and the interference of
an adjacent cell varies depending on the frequency,
it is possible to suppress power consumption of the
user equipment UE and to appropriately measure the
received quality.
[0071] The receiver may receive the measurement
band information from the base station using an RRC
message in an RRC connected state and may receive
the measurement band information from the base
station using broadcast information in an RRC idle
state. Accordingly, the user equipment UE can
change the method ¢of acquiring the measurement band
information depending on the RRC state.
[0072] The measurer may measure received quality
using any one of a reference signal or a
synchronization signal which are mapped on the
frequency range indicated by the measurement band
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information. Accordingly, the user equipment UE can
meagure the received quality using the reference
signal or the synchronization signal.

[0073] The measurer may consider received quality
of a signal having highest received quality among
signals having the same cell ID as measured received
quality when the signals transmitted from a
plurality of specific antenna ports are received in
the frequency range indicated by the measurement
band information and the cell IDs included in the
received signals are the same. Accordingly, the
user equipment UE can appropriately measure the
received gquality even when beam sweeping is
performed.

[0074] According to the embodiment, there is
provided a base station of a radio communication
gystem including the base station and user equipment,
the base station including a communicator that
broadcasts, to the user equipment, measurement band
information indicating a frequency range in which
the user equipment measures received quality in a
system bandwidth; and a transmitter that transmits a
synchronization signal in the frequency range and
that transmits a Master Information Block, MIB,
including information indicating the system
bandwidth or information indicating a center
frequency of a carrier, wherein the transmitter
transmits the MIB in the same frequency range as the
frequency range or a frequency range deviated by a
predetermined offset from the frequency range. With
this base station eNB, a received quality measuring
method can be flexibly configured in the user
equipment, and, thus, interference caused by an
adjacent cell can be accurately measured for each
cell.

[0075] According to the embodiment, there is
provided a measurement method which is performed by
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a user equipment of a radio communication system
including a base station and the user equipment, the
measurement method including: receiving, from the
base station, measurement band information
indicating a frequency range in which received
gquality is measured in a system bandwidth; and
measuring the received quality in the frequency
range indicated by the measurement band information.
With this measurement method, a received quality
measuring method can be flexibly configured in the
user equipment, and, thus, interference caused by an
adjacent cell can be accurately measured for each
cell.
[0076] <Complement of Embodiments>

The base station eNB may be referred to as a
NodeB (NB), a base station, a gNB, or several other
appropriate terms by those skilled in the art.
[0077] Transmission of the measurement band
information is not limited to the aspect/embodimént
described in this specification, and may be
performed by other methods. For example,
transmission of the measurement band information may
be performed by physical layer signaling (such as
downlink control information (DCI) or uplink control
information (UCI)), medium access control (MAC)
signaling, other signaling, or a combination thereof.
Examples of the RRC message may be referred to as
RRC signaling. The RRC message includes an RRC
connection setup message and an RRC connection
reconfiguration message.
[0078] The embodiment described in this
specification may be applied to a system employing
long term evolution (LTE), LTE-advanced (LTE-A),
SUPER 3G, IMT-Advanced, 4G, 5G, future radio access
(FRA), W-CDMA (registered trademark), GSM
(registered trademark), CDMA2000, ultra mobile
broadband (UMB), IEEE 802.11 (Wi-Fi), IEEE 802.16
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(WiMAX), IEEE 802.20, ultra-wideband (UWRB),
Bluetooth (registered trademark), or other
appropriate systems and/or a next-generation system
which is extended on the basis thereof.

[0079] Determination or decision may be made by a
value (0 or 1) represented by one bit, may be made
by a Boolean value (Boolean: true or false), and may
be made by comparison of numerical values
(comparison with a predetermined value, for example).
[0080] Note that the terms described in this
specification and/or the terms necessary for
understanding of this specification may be replaced
with terms having the same or similar meaning. For
example, the channel and/or symbol may be signaling
(signal). Furthermore, a signal may be a message.
[o081] The UE may be referred to, by a person
ordinarily skilled in the art, as a subscriber
station, a mobile unit, a subscriber unit, a
wirelegg unit, a remote unit, a mobile device, a
wireless device, a wireless communication device, a
remote device, a mobile subscriber station, an
access terminal, a mobile terminal, a wireless
terminal, a remote terminal, a handset, a user agent,
a mobile client, a client, or it may also be called
by some other suitable terms.

[0082] Each aspect/embodiment described in this
specification may be used alone, may be used in
combination, or may be used while being switched
during the execution. Furthermore, notification of
predetermined information (e.g., notification of
"being X") is not limited to notification that is
made explicitly, and the notification may be made
implicitly (e.g., notification of the predetermined
information is not performed).

[0083] The terms "determining" and "deciding"
used in this specification may include various types
of operations. For example, "determining" and
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"deciding" may include deeming that a result of
calculating, computing, processing, deriving,
investigating, looking up (e.g., search in a table,
a database, or another data structure), or
ascertaining is determined or decided. Furthermore,
"determining” and "deciding" may include, for
example, deeming that a result of receiving (e.g.,
reception of information), transmitting (e.g.,
transmission of information), input, output, or
accessing (e.g., accessing data in memory) is
determined or decided. Furthermore, "determining"
and "deciding" may include deeming that a result of
resolving, selecting, choosing, establishing, or
comparing is determined or decided. Namely,
"determining" and "deciding" may include deeming
that some operation is determined or decided.

[0084] The expression "on the basis of" used in
the present specification does not mean "on the
basis of only" unless otherwise stated particularly.
In other words, the expression "on the basis of"
means both "on the basis of only" and "on the basis
of at least."

[0085] The processing sequences, the sequences,
the flowcharts, and the like of the embodiment
described above in this specification may be changed
in the order as long as they are not incompatible
with each other. For example, in the method
described in this specification, elements of various
steps are described in an exemplary order and the
method is not limited to the described order.

[0086] Input and output information and the like
may be stored in a specific location (for example, a
memory) and may be managed by a management table.
The input and output information and the like may be
overwritten, updated, or rewritten. The output
information and the like may be erased. The input
information and the like may be transmitted to other
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apparatuses.

[o087] Notification of predetermined information
(e.g., notification of "being X") is not limited to
notification that is made explicitly, and the
notification may be made implicitly (e.g.,
notification of the predetermined information is not
performed) .

[0088] Information, signals, and the like
described in the present specification may be
represented using any of various other techniques.
For example, data, instructions, commands,
information, signals, bits, symbols, chips, and the
like mentioned in the entire description may be
represented by voltage, current, electromagnetic
waves, magnetic field or magnetic particles, optical
field or photons, or any combination thereof.

[0089] While the invention has been described
above in detail, it is apparent to those skilled in
the art that the invention is not limited to the
embodiment described in the specification. The
invention can be modified and embodied as a changed
aspect without departing from the concept and scope
of the invention which are defined by the appended
claims. Accordingly, description in this
specification is made for illustrative description
and does not have any restrictive meaning.
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[0090] UE

eNB

101

5 102
103

104

201

202

10 203
1001
1002
1003
1004
15 1005
1006
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user equipment

base station

signal transmitting unit
signal receiving unit
storage unit

measurement unit

signal transmitting unit
signal receiving unit
broadcast unit

processor

memory

storage

communication unit

input unit

output unit
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CLAIMS

1. A terminal comprising:

a receiver that receives, from a base station,
measurement band information indicating a frequency
in which received quality is to be measured; and

a measurer that measures the received quality
in the frequency indicated by the measurement band
information,

wherein the measurer derives the received
guality based on a synchronization signal on the
frequency indicated by the measurement band

information.

2. The terminal according to claim 1, wherein the
measurement band information includes a frequency

range.

3. The terminal according to claim 1, wherein the
receiver receives the measurement band information
from the base station through a Radio Resource
Control (RRC) message in an RRC connected state and
receives the measurement band information from the
base station through broadcast information in an RRC
idle state.

4. The terminal according to claim 1, wherein,
when signals transmitted from a respective plurality
of specific antenna ports are received in the
frequency indicated by the measurement band
information, and when cell IDs included in the
respective received signals are identical, the
measurer determines, among the signals with the
identical cell IDs, received quality of a signal
with high received quality as measured received
guality.
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5. A base station of a radio communication system
including the base station and a terminal, the base
station comprising:

a communicator that broadcasts, to the terminal,
measurement band information indicating a frequency
range in which the terminal measures received
quality,

wherein the terminal measures the received
guality in the frequency indicated by the
measurement band information, and

wherein the terminal derives the received
guality based on a synchronization signal on the
frequency indicated by the measurement band

information.

6. A measurement method which is performed by a
terminal, the measurement method comprising:

receiving, from a base station, measurement
band information indicating a frequency in which
received quality is to be measured; and

measuring the received quality in the frequency
indicated by the measurement band information,

wherein the terminal derives the received
guality based on a synchronization signal on the
frequency indicated by the measurement band

information.
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