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Description

Technical Field

[0001] The present invention relates to a user terminal,
a radio base station and a radio communication method
in the next generation mobile communication system.

Background Art

[0002] In UMTS (Universal Mobile Telecommunica-
tions System) network, Long Term Evolution (LTE) is
specified for the purpose of further high data rate and
low delay, etc. (Non-Patent Document 1). In addition, for
the purpose of further broadening and speeding up from
the LTE, the successor system of LTE (for example, LTE-
A (LTE-Advanced), FRA (Future Radio Access), 5G (5th
generation mobile communication system), and New-
RAT (Radio Access Technology), etc.) are also being
studied.
[0003] In the radio communication system after LTE
Rel. 13 (5G, for example), in order to make use of the
given frequency spectrum more flexibly and effectively,
introduction of a flexible duplex system that enables each
subframe to be dynamically available as DL or UL has
been studied. Flexible duplex does not prescribe DL/UL
in advance for time/frequency resources, but dynamically
changes DL/UL according to various conditions such as
traffic and channel conditions.

Citations List

Non-Patent Literature

[0004] Non-Patent Literature 1: 3GPP TS 36.300
"Evolved Universal Terrestrial Radio Access (E-UTRA)
and Evolved Universal Terrestrial Radio Access Network
(E-UTRAN); Overall description; Stage 2"

Summary of Invention

Technical Problem

[0005] However, in a scheduling of data transmis-
sion/reception in the existing LTE, it is more preferable
to secure future radio resources at an earlier timing, and
therefore flexibility of the flexible duplex is not maximized,
thus involving a problem that low delay communication
is not achieved.
[0006] In view of the above points, the present inven-
tion is made, and an object of the present invention is to
provide a user terminal, a radio base station and a radio
communication method capable of realizing a low delay
communication in the next generation mobile communi-
cation system.

Solution to Problem

[0007] According to an aspect of the present invention,
there is provided a user terminal, including:

a reception section that receives at least one down-
link control information out of first downlink control
information for scheduling reception of downlink data
and second downlink control information for sched-
uling transmission of uplink data; and
a control section that controls to perform reception
of the downlink data and/or transmission of the uplink
data corresponding to the downlink control informa-
tion at a predetermined transmission time interval
(TTI),
wherein the control section is configured to set the
predetermined TTI to the same TTI based on the TTI
that has received the downlink control information,
regardless of whether the downlink control informa-
tion is the first downlink control information or the
second downlink control information.

Advantageous Effects of Invention

[0008] According to the present invention, low delay
communication may be realized in the next generation
mobile communication system.

Brief Description of Drawings

[0009]

FIG. 1 is a view illustrating an example of data sched-
uling in the existing LTE system.
FIG. 2 is a view illustrating an example of a radio
resource assignment in a carrier using Flexible du-
plex.
FIG. 3A is a view illustrating an example of a radio
resource assignment when the same frequency car-
rier is scheduled by DL grants and UL grants, and
FIG. 3B is a view illustrating an example of a radio
resource assignment when the same frequency car-
rier is scheduled by DL grants and different frequen-
cy carriers are scheduled by UL grants.
FIG. 4 is a view illustrating another example of sched-
uling according to a first embodiment.
FIG. 5A is a view illustrating an example of an as-
signment of only PDCCH for transmitting the UL
grant and PUSCH for transmitting data, and FIG. 5B
is a view illustrating an example of a resource as-
signment of uplink reference signals (RS).
FIG. 6A is a view illustrating an example of a resource
assignment of SRS, and FIG. 6B is a view illustrating
an example of a resource assignment of acknowl-
edgment information of HARQ (Hybrid Automatic
Repeat reQuest).
FIG. 7 is a view illustrating an example of a schematic
configuration of a radio communication system ac-
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cording to an embodiment of the present invention.
FIG. 8 is a view illustrating an example of an overall
configuration of a radio base station according to an
embodiment of the present invention.
FIG. 9 is a view illustrating an example of a functional
configuration of a radio base station according to an
embodiment of the present invention.
FIG. 10 is a view illustrating an example of an overall
configuration of a user terminal according to an em-
bodiment of the present invention.
FIG. 11 is a view illustrating an example of a func-
tional configuration of a user terminal according to
an embodiment of the present invention.

Description of Embodiments

[0010] In the existing LTE system (Rel. 8 - 12), a radio
base station (eNB: evolved Node B) schedules data
transmission/reception for a user terminal (UE: User
Equipment) using a downlink control channel. Specifical-
ly, DL scheduling and UL scheduling based on downlink
control information (DCI: Downlink Control Information)
reported by PDCCH (Physical Downlink Control Chan-
nel) / EPDCCH (Enhanced PDCCH) are prescribed.
[0011] FIG. 1 is a view illustrating an example of data
scheduling in the existing LTE system. FIG. 1 illustrates
DL scheduling and UL scheduling indicated by DCI re-
ceived by PDCCH. As illustrated in FIG. 1, UE receives
PDSCH (Physical Downlink Shared Channel) based on
a DL grant at the same subframe as the subframe that
detects the DL grant (referred to as a DL assignment
(Downlink assignment)) which follows the DCI format 1A,
etc., for example.
[0012] Further, UE transmits PUSCH (Physical Uplink
Shared Channel) based on a UL grant at the subframe
after a predetermined period (for example, four sub-
frames later) from the subframe that detects the UL grant
(uplink grant) which follows the DCI format 0/4 for exam-
ple.
[0013] FIG. 1 illustrates an example of reporting DL/UL
grant by PDCCH, wherein even in the case of the EPD-
CCH, the correspondence relationship between the
scheduling transmission time interval (TTI: Transmission
Time Interval) and the scheduled TTI is the same as in
FIG. 1. In addition, carriers (for example, component car-
riers (CCs)) that transmit and receive DL grants and PD-
SCHs may not be the same, but may be different carriers.
In addition, carriers that transmit and receive UL grants
and PUSCHs may be the same.
[0014] The existing LTE system uses control based on
TDD (Time Division Duplexing) and FDD (Frequency Di-
vision Duplexing). Specifically, it is strictly stipulated
whether the time/frequency resource is used for DL or
UL for every predetermined section (for example, sub-
frame as time resource, CC as frequency resource, etc.).
[0015] Incidentally, in the radio communication system
after LTE Rel. 13 (for example 5G), in order to make use
of the given frequency spectrum more flexibly and effec-

tively, introduction of a flexible duplex system that ena-
bles each subframe to be dynamically available as DL or
UL has been studied. Flexible duplex does not prescribe
DL/UL in advance for time/frequency resources, but dy-
namically changes DL/UL according to various condi-
tions such as traffic and channel conditions.
[0016] FIG. 2 is a view illustrating an example of a radio
resource assignment in a carrier using Flexible duplex.
FIG. 2 illustrates radio resources for 10 TTIs. As illustrat-
ed in FIG. 2, the carrier using Flexible duplex may be
used, for example in such a manner that a frequency
spectrum is divided into DL-only (downlink transmission
only), UL-only (uplink transmission only), DL-heavy (the
ratio of downlink transmission is large), and UL-heavy
(the ratio of uplink transmission is large).
[0017] FDD operation may also be performed by using
two frequency carriers of DL-only and UL-only in combi-
nation, and TDD operation may be performed by using
DL + UL setting.
[0018] However, it has not yet been studied how to
actually realize Flexible duplex. For example, when at-
tempting to perform control to realize Flexible duplex by
the LTE system, there is a problem that the scheduling
timing (number of TTIs from scheduling TTI to scheduled
TTI) is different between DL and UL as described above.
[0019] For example, in the existing LTE, UL resources
ahead of several subframes are reserved at the sched-
uling timing for reporting the UL grant. Therefore, when
it is time to transmit the resource, even when it is desired
to make another assignment at this time (change the as-
signment), such an assignment may not be done.
[0020] As described above, in the scheduling of the
existing LTE system, the flexibility of the flexible duplex
is not maximized, and it is conceivable that the frequency
use efficiency and throughput may not be improved, and
it becomes difficult to suppress the delay associated with
retransmission.
[0021] Therefore, the inventors of the present inven-
tion focus on the fact that when using control over TTIs
(subframes) (inter-subframe scheduling), temporally old
control restricts newer control (later time control), and
also focus on the fact that scheduling between subframes
requires scheduling in consideration of future control con-
tents in advance.
[0022] Based on these points, the inventors of the
present invention reach an idea of reducing the sched-
uling timing as much as possible. Specifically, the inven-
tors of the present invention achieve a technique of trans-
mitting and receiving UL grants and uplink data at the
same TTI. Further, it is also found that the scheduling
timing is the same regardless of DL/UL scheduling. Ac-
cording to an aspect of the present invention, UE is pref-
erably instructed to schedule the most recent time in a
unified manner, and therefore the dynamic control of the
DL/UL of each TTI may be effectively realized. In addition,
RTT (Round Trip Time) of HARQ is preferably suitably
shortened.
[0023] Hereinafter, embodiments of the present inven-

3 4 



EP 3 346 754 A1

5

5

10

15

20

25

30

35

40

45

50

55

tion will be described in detail with reference to the draw-
ings. The radio communication methods according to the
respective embodiments may be used individually or in
combination.
[0024] Hereinafter, similarly to the case of the existing
LTE system, explanation will be given for a case in which
the downlink control information is reported by PDCCH
using the first several symbols, but the application of the
present invention is not limited thereto. For example, the
downlink control information may be reported by EPD-
CCH multiplexed in a PDSCH region, or may be reported
by other channels or other radio resources.
[0025] In the following embodiments, TTI may be a
subframe (1 ms) in the existing LTE, or may be a period
shorter than 1 ms (for example, 1-13 symbols), or a period
longer than 1 ms.
[0026] Note that the downlink control information
(which may be referred to as uplink scheduling informa-
tion, uplink scheduling control information, and the like)
for scheduling transmission of uplink data is referred to
as UL grant and downlink control information (which may
be referred to as downlink scheduling information, down-
link scheduling control information, DL assignment, and
the like) for scheduling reception of downlink data may
be referred to as DL grant, but the designation is not
limited thereto. Further, the downlink control information
(downlink control signal) may be referred to as L1/L2
(Layer 1/Layer 2) control information (L1/L2 control sig-
nal), or simply as L1 control information (L1 control sig-
nal).

(Radio Communication Method)

<First Embodiment>

[0027] In the first embodiment of the present invention,
eNB notifies UE of the downlink control information
(scheduling information) indicating the radio resource to
be assigned to a predetermined TTI (for example, sub-
frame). Here, regardless of whether the downlink control
information is the UL grant or the DL grant, eNB performs
control so that assignment of the radio resource is per-
formed at the same TTI based on the TTI that transmits
the downlink control information. In addition, regardless
of whether the detected downlink control information is
the UL grant or the DL grant, UE performs control so that
transmission/reception is performed at the same TTI
based on the TTI that has received the downlink control
information.
[0028] FIG. 3 is a view illustrating an example of sched-
uling according to the first embodiment. FIG. 3A illus-
trates an example of a radio resource assignment when
scheduling the same frequency carrier by the DL grant
and the UL grant. FIG. 3B illustrates an example of a
radio resource assignment when the same frequency
carrier is scheduled by the DL grant and a different fre-
quency carrier is scheduled by the UL grant. In both ex-
amples of FIG. 3, scheduling of data transmission and

reception is performed at the same TTI as the TTI that
has reported the downlink control information.
[0029] In the first embodiment, UE monitors and re-
ceives L1 control signals using a predetermined frequen-
cy carrier. When the received L1 control information in-
cludes DL grant addressed to its own terminal, DL data
is received at TTI that receives the DL grant. When the
UL grant addressed to its own terminal is included in the
L1 control signal, UL data is received at TTI that receives
the UL grant. The reception of the DL/UL grant and the
transmission/reception of the DL/UL data may be per-
formed at the same TTI as illustrated in FIG. 3, or may
be performed at different TTIs as described later in FIG. 4.
[0030] When the UL grant is received, it is preferable
to provide a non-transmission period (for example, a
guard period (GP), a gap, a GP section, or the like) for
TTI to be scheduled. By setting the guard period, DL/UL
may be switched within TTI. When the scheduled TTI
and the scheduling TTI are the same, the guard period
may be the time from when the downlink control informa-
tion is received (when the reception is completed)to when
the transmission of data is started . In addition, the guard
period may be the time from start of TTI (= start timing
of TTI) to start of transmission of data.
[0031] The guard period may be, for example, 20 ms
or one or more symbol periods. Here, the symbol period
may be expressed by OFDM (Orthogonal Frequency Di-
vision Multiplexing) symbol units for example, or may be
expressed by units of reciprocals (specifically, sampling
lengths) of a bandwidth, or by other units. In addition, the
length of the non-transmission period may be different
or may be the same, between a case of scheduling of
the same frequency carrier (FIG. 3A) and a case of
scheduling of different frequency carriers (FIG. 3B).
When different frequency carriers are scheduled, the
guard period may be equal to or longer than a period (for
example, three symbols at maximum) or more, which is
a PDCCH transmittable period.
[0032] FIG. 4 is a view illustrating another example of
the scheduling according to the first embodiment. FIG. 4
illustrates an example of the radio resource assignment
when the same frequency carrier is scheduled by the DL
grant and by the UL grant. In the example of FIG. 4,
scheduling of data transmission and reception is per-
formed at the TTI neighboring to the TTI (one TTI later)
notified of the downlink control information. In this way,
the configuration for performing scheduling in the neigh-
boring TTI by the downlink control information is suitable,
for example, in a situation when the downlink control in-
formation is reported by EPDCCH, because the sched-
uling TTI may be set for DL only and the scheduled TTI
may be set for UL only.
[0033] The number of TTIs from the scheduling TTI to
the scheduled TTI may be different depending on wheth-
er it is notified of the downlink control information by PD-
CCH or EPDCCH. For example, when notified of the
downlink control information by PDCCH, UE assumes
that the number of TTIs is zero (scheduling within the
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same subframe) and performs transmission/reception
processing, and on the other hand, when notified of the
downlink control information by EPDCCH, the transmis-
sion/reception processing may be performed assuming
that the TTI number is one (scheduling in the neighboring
subframe). Flexibility of scheduling is thus enhanced.
[0034] As illustrated in FIG. 3B, when detecting assign-
ment of both DL grant and UL grant for performing sched-
uling of different frequency carriers in the same TTI, UE
judges that both grants are valid and may perform data
transmission and data reception by different frequency
carriers of the same TTI.
[0035] In addition, when detecting assignment of both
DL grant and UL grant in the same TTI of the same fre-
quency carrier, UE ignores the UL grant, judges that the
DL grant is valid, and may perform reception of downlink
data based on the DL grant. In this way, for example,
occurrence of interference with other users is preferably
avoided at the same frequency and/or spatially multi-
plexed in the same TTI of the same cell. On the other
hand, when detecting assignment of both the DL grant
and the UL grant in the same TTI of the same frequency
carrier, UE ignores the DL grant and judges that the UL
grant is valid, and may perform transmission of the uplink
data based on the UL grant. In this way, for example, UL
data having a greater influence of delay is preferably
processed early, thereby improving the user’s perceived
speed.
[0036] In addition, when detecting that scheduling is
performed by both the DL grant and the UL grant in a
predetermined TTI of the same frequency carrier, UE ig-
nores the UL grant, judges that the DL grant is valid, and
may receive the downlink data based on the DL grant.
On the other hand, when detecting that scheduling is
performed by both the DL grant and the UL grant in a
predetermined TTI of the same frequency carrier, UE ig-
nores the DL grant, judges that the UL grant is valid, and
may transmit the uplink data based on the UL grant.
[0037] Further, when detecting that scheduling is per-
formed by a plurality of grants in a predetermined TTI of
the same frequency carrier, UE may judge that the latest
grant is valid, or may judge which is an effective grant
based on a predetermined rule, or may judge that the
oldest grant is valid. Then, the UE may transmit/receive
data based on the grant judged to be valid.
[0038] In addition, UE may be notified of the informa-
tion regarding scheduling (for example, the number of
TTIs from the scheduling TTI to the scheduled TTI), by
upper layer signaling (for example, RRC (Radio Re-
source Control) signaling, and broadcast information
(MIB (Master Information Block), SIB (System Informa-
tion Block)), etc.). In addition, UE may judge the informa-
tion regarding the scheduling by reporting another infor-
mation, or may judge the information from the set fre-
quency carrier.
[0039] As described above, according to the first em-
bodiment, the time from when the radio base station re-
ports the scheduling information to when the UE performs

transmission and reception based on the information, is
preferably suitably reduced.

<Second Embodiment>

[0040] A certain processing time is preferably set from
when the UE receives the UL grant to when the PUSCH
transmission becomes enabled. For example, as a proc-
ess for generating a data signal to be transmitted by
PUSCH, encoding and modulation processing are pref-
erably desired. When TBS (Transport Block Size), which
is a data transmitting/receiving section, is increased, the
processing time is increased. In addition, in order to trans-
mit the uplink signal, there is a possibility that calculation
of transmission power and excess transmission power
(power headroom) is also performed after reception of
the UL grant.
[0041] Accordingly, particularly when TBS of the uplink
data is large, there is a possibility that it is difficult to
transmit PUSCH immediately after receiving the UL
grant. Therefore, a second embodiment is found by the
inventors of the present invention by focusing on a point
that the guard period length (GP length) is made variable
for the TTI in which scheduling is performed by UL grant
as described in the first embodiment.
[0042] In the second embodiment of the present inven-
tion, UE judges and uses the GP length (which may be
referred to as a GAP length) for every UL grants, the GP
length being the length between reception of the UL grant
and transmission of the UL grant. For example, UE may
judge the GP length based on UE capability, TBS, a cod-
ing system (for example, turbo coding), a cell radius of
the connected cell, a transmission timing (for example,
timing advance) to be applied to its own terminal, etc., or
a combination of them. UE may shorten the GP length
when the TBS of the transmission data is small, and may
increase the length when the TBS is large. Here, a var-
iable-length GP in the second embodiment may be called
Flexible GP.
[0043] FIG. 5 is a view illustrating an example of an
uplink resource assignment according to the second em-
bodiment. FIG. 5A is a view illustrating an example of the
assignment of PDCCH only for transmitting UL grant and
PUSCH only for transmitting data. Scheduling A and
scheduling B illustrated in FIG. 5A illustrates the sched-
uling of UL transmission based on different UL grants
respectively. Note that such scheduling is illustrated in
one view for the sake of simplicity and it is not necessary
for them to occur in the same TTI. In addition, the radio
resource to which data is assigned is not limited to the
configuration of FIG. 5A.
[0044] In each scheduling, the GP length is different.
Scheduling A is, for example, a state in which TBS cor-
responding to the UL grant is small, and the GP length
is short. On the other hand, scheduling B is, for example,
a state in which the TBS corresponding to the UL grant
is large, and the GP length is long. In FIG. 5B and FIG.
6 described later, similarly to FIG. 5A, radio resource
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mapping related to these two scheduling is exemplified.
[0045] Here, in the examples of FIGs. 5 and 6, it is
assumed that the guard period is defined within a prede-
termined range, and the guard periods of scheduling A
and B correspond to the minimum value and the maxi-
mum value of the predetermined range.
[0046] As illustrated in FIG. 5A, the time resources
available for data transmission may be increased for the
data transmission with a short GP length, and therefore
uplink frequency resources may be configured to be rel-
atively narrow. On the other hand, by configuring the up-
link frequency resources relatively widely for the data
transmission with a long GP length, the radio resources
are preferably secured and data is preferably transmitted
even when the time resources available for the data
transmission are decreased.
[0047] FIG. 5B is a view illustrating an example of a
resource assignment of an uplink reference signal (RS:
Reference Signal). According to the second embodi-
ment, in the TTI for uplink transmission, UE performs
control so as to transmit RS using predetermined (for
example, synchronized with the subframe) radio resourc-
es (time and/or frequency resources) not depending on
the GP length (and PUSCH resource assignment). FIG.
5B illustrates an example of mapping by UE so that RS
is arranged after the longest guard period in the TTI for
scheduling by UL grant, but when the guard period is
minimum, RS may be arranged thereafter.
[0048] In this manner, with a configuration of mapping
RS at a fixed timing/position even between different cells
(or even between different UEs when Multi User Multi
Input Multi Output (MU-MIMO) is applied to UE), the up-
link signal of UEs in eNB is preferably separated and
randomization of inter-cell interference is preferably re-
alized.
[0049] The uplink reference signal to be arranged to a
fixed resource may be, for example, a measurement ref-
erence signal (SRS: Sounding Reference Signal), a de-
modulation reference signal (DMRS: DeModulation Ref-
erence Signal), or another reference signal. In addition,
a reference signal (which may be called eSRS (enhanced
SRS), for example) arranged to a discontinuous frequen-
cy resource may be used as the reference signal for
measurement.
[0050] FIG. 6 is a view illustrating another example of
the uplink resource assignment according to the second
embodiment. FIG. 6A is a view illustrating an example of
the resource assignment of the SRS. In this example,
UE transmits SRS/eSRS immediately after elapse of the
minimum guard period in a predetermined TTI (for ex-
ample, TTI scheduled by UL grant). For example, since
SRS/eSRS does not require encoding processing unlike
data, it may be transmitted from a first transmittable tim-
ing when TBS is minimum. Even in the TTI that is not
subject to scheduling by UL grant (data transmission is
not performed), SRS/eSRS transmission may be per-
formed at this timing.
[0051] Since SRS/eSRS is a reference signal, compli-

cated transmission signal processing is not required, and
transmission may be performed in a short time. There-
fore, by arranging the SRS/eSRS at a relatively early
transmission timing within TTI, the resources at a rela-
tively later transmission timing may be used for another
signal assignment, and reduction of a frequency use ef-
ficiency is preferably suppressed.
[0052] FIG. 6B is a view illustrating an example of a
resource assignment of acknowledgment information
(referred to as retransmission control information,
HARQ-ACK, ACK/NACK, etc.) of HARQ (Hybrid Auto-
matic Repeat reQuest). In this example, at a predeter-
mined TTI (for example, TTI scheduled by UL grant), UE
starts transmission of ACK/NACK immediately after the
minimum guard period has elapsed. For example,
ACK/NACK may be transmitted from a first transmittable
timing when TBS is minimum. Even in the TTI that is not
subject to scheduling by UL grant (data transmission is
not performed), ACK/NACK transmission may be per-
formed at this timing.
[0053] ACK/NACK may be ACK/NACK for the down-
link data of the TTI (immediately preceding TTI) just be-
fore the ACK/NACK is transmitted, or may be ACK/NACK
for the downlink data of further preceding TTI (second,
third, and fourth preceding TTI).
[0054] As illustrated in FIG. 6B, ACK/NACK may be
transmitted in a predetermined narrow band narrower
than a system bandwidth. In addition, ACK/NACK may
support frequency hopping. As a result, frequency diver-
sity effect is preferably obtained for ACK/NACK trans-
mission and coverage of UE is preferably expanded.
[0055] In the radio resource (timing) in which the as-
signment of SRS/eSRS and ACK/NACK occurs at the
same time, one transmission may be prioritized and the
other transmission may be dropped. For example, when
ACK/NACK is transmitted from the first transmittable tim-
ing when TBS is minimum, SRS/eSRS transmission may
be dropped at this timing, or transmission may be per-
formed while avoiding ACK/NACK resources.
[0056] In addition, in the TTI where transmission of
ACK/NACK occurs simultaneously with transmission of
the uplink data, the UE determines an ACK/NACK re-
source (frequency/time resource) based on the GP
length corresponding to the transmission of the uplink
data.
[0057] ACK/NACK is the information including a simple
bit sequence for example, and complicated transmission
signal processing is not required, so that transmission
may be performed in a short time. Accordingly, by ar-
ranging the ACK/NACK from a relatively early transmis-
sion timing within the TTI, the resource of a relatively late
transmission timing is preferably used for another signal
assignment, and reduction of the frequency use efficien-
cy is preferably suppressed.
[0058] As described above, according to the second
embodiment, the GP length is adjusted so as to ensure
the processing time for generating PUSCH, and therefore
the PUSCH transmission is appropriately performed.
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[0059] In the above example of the second embodi-
ment, explanation is given for a case in which reception
of the UL grant and transmission of data occur at the
same TTI. However, even when reception of the UL grant
and transmission of data occur in different TTIs (neigh-
boring TTIs), the method described in the second em-
bodiment may be applied.

(Radio Communication System)

[0060] Hereinafter, a configuration of a radio commu-
nication system according to an embodiment of the
present invention will be described. In this radio commu-
nication system, communication is performed using any
one or a combination of the radio communication meth-
ods according to each of the above embodiments of the
present invention.
[0061] FIG. 7 is a view illustrating an example of a sche-
matic configuration of the radio communication system
according to an embodiment of the present invention. In
the radio communication system 1, carrier aggregation
(CA) and/or dual connectivity (DC) is preferably used,
which integrates a plurality of fundamental frequency
blocks (component carriers), with a system bandwidth
(for example, 20 MHz) of the LTE system as one unit.
[0062] Note that the radio communication system 1
may be referred to as LTE (Long Term Evolution), LTE-
A (LTE-Advanced), LTE-B (LTE-Beyond), SUPER 3G,
IMT-Advanced, 4G (4th generation mobile communica-
tion system), 5G (5th generation mobile communication
system), FRA (Future Radio Access), New-RAT (Radio
Access Technology), or the like, or may be referred to
as a system that realizes them.
[0063] The radio communication system 1 illustrated
in FIG. 7 includes a radio base station 11 that forms a
macro cell C1 having a relatively wide coverage, and a
radio base station 12 (12a-12c) arranged in the macro
cell C1 and forming a small cell C2 narrower than the
macro cell C1. In the macro cell C1 and the small cell
C2, a user terminal 20 is arranged.
[0064] The user terminal 20 is connected to both the
radio base station 11 and the radio base station 12. It is
assumed that the user terminal 20 simultaneously uses
the macro cell C1 and the small cell C2 by CA or DC.
Further, the user terminal 20 may apply CA or DC using
a plurality of cells (CC) (for example, five or less CCs,
six or more CCs).
[0065] Communication is performed between the user
terminal 20 and the radio base station 11 by using a car-
rier having a relatively low frequency band (for example,
2 GHz) and having a narrow bandwidth (referred to as
existing carrier, legacy carrier, etc.). On the other hand,
a carrier having a relatively high frequency band (for ex-
ample, 3.5 GHz, 5 GHz, etc.) and having a wide band-
width may be used, or the same carrier as the carrier
between the user terminal 20 and the radio base station
11 may be used, between the user terminal 20 and the
radio base station 12. The configuration of the frequency

band used by each radio base station is not limited there-
to.
[0066] Configuration between the radio base station
11 and the radio base station 12 (or between the two
radio base stations 12) is a wired connection (for exam-
ple, an optical fiber, X2 interface, etc., conforming to
CPRI (Common Public Radio Interface), or may be a
wireless connection.
[0067] The radio base station 11 and the radio base
station 12 are respectively connected to a higher station
apparatus 30 and are connected to a core network 40
via the higher station apparatus 30. The higher station
apparatus 30 includes, for example, an access gateway
device, a radio network controller (RNC), a mobility man-
agement entity (MME), and the like, but is not limited
thereto. Further, each radio base station 12 may be con-
nected to the higher station apparatus 30 via the radio
base station 11.
[0068] The radio base station 11 is a radio base station
having relatively wide coverage and may be referred to
as a macro base station, an aggregation node, an eNB
(eNodeB), a transmission/reception point, and the like.
In addition, the radio base station 12 is a radio base sta-
tion having local coverage and may be referred to as a
small base station, a micro base station, a pico base sta-
tion, a femto base station, a HeNB (Home eNodeB), a
RRH (Remote Radio Head), a transmission/reception
point, and the like. Hereinafter, the radio base stations
11 and 12 are collectively referred to as a radio base
station 10 when they are not distinguished from each
other.
[0069] Each user terminal 20 is a terminal responding
to various communication systems such as LTE, LTE-A,
and may include not only a mobile communication termi-
nal but also a fixed communication terminal.
[0070] In the radio communication system 1, Orthog-
onal Frequency Division Multiple Access (OFDMA) is ap-
plied to the downlink, and Single Carrier-Frequency Di-
vision Multiple Access (SC-FDMA) is applied to the uplink
as radio access systems. OFDMA is a multicarrier trans-
mission system in which a frequency band is divided into
a plurality of narrow frequency bands (subcarriers) and
data is mapped in each subcarrier to perform communi-
cation. SC-FDMA is a single-carrier transmission system
that reduces interference between terminals by dividing
the system bandwidth into one band or a band composed
of consecutive resource blocks, for every terminals, so
that a plurality of terminals may use mutually different
bands. Note that the uplink and the downlink radio access
systems are not limited to these combinations.
[0071] In the radio communication system 1, a down-
link shared channel (PDSCH: Physical Downlink Shared
Channel), a broadcast channel (PBCH: Physical Broad-
cast Channel), a downlink L1/L2 control channel and the
like shared by the user terminals 20 are used as downlink
channels. User data, upper layer control information, SIB
(System Information Block) and the like are transmitted
by PDSCH. In addition, MIB (Master Information Block)
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is transmitted by PBCH.
[0072] The downlink L1/L2 control channel includes
PDCCH (Physical Downlink Control Channel), EPDCCH
(Enhanced Physical Downlink Control Channel), PC-
FICH (Physical Control Format Indicator Channel),
PHICH (Physical Hybrid-ARQ Indicator Channel), and
the like. Downlink control information (DCI: downlink con-
trol information) including scheduling information of PD-
SCH and PUSCH is transmitted by PDCCH. The number
of OFDM symbols used for PDCCH is transmitted by PC-
FICH. PHICH transmits acknowledgment information
(referred to as retransmission control information,
HARQ-ACK, ACK/NACK, etc.) of HARQ (Hybrid Auto-
matic Repeat reQuest) to the PUSCH. EPDCCH is fre-
quency division multiplexed with the PDSCH (downlink
shared data channel), and is used for transmission such
as DCI similarly to PDCCH.
[0073] In the radio communication system 1, an uplink
shared channel (PUSCH: Physical Uplink Shared Chan-
nel), an uplink control channel (PUCCH: Physical Uplink
Control Channel), a random access channel (PRACH:
Physical Random Access Channel) and the like shared
by the user terminals 20 are used as uplink channel. User
data and upper layer control information are transmitted
by PUSCH. In addition, downlink radio quality information
(CQI: Channel Quality Indicator), acknowledgment infor-
mation and the like are transmitted by PUCCH. A random
access preamble is transmitted by PRACH, for establish-
ing a connection with a cell.
[0074] In the radio communication system 1, a cell-
specific reference signal (CRS), a channel state informa-
tion reference signal (CSI-RS), a demodulation reference
signal (DMRS: DeModulation Reference Signal), a posi-
tion determination reference signal (PRS: Positioning
Reference Signal), and the like are transmitted as down-
link reference signals. In addition, in the radio communi-
cation system 1, a measurement reference signal (SRS:
Sounding Reference Signal), a demodulation reference
signal (DMRS), and the like are transmitted as uplink
reference signals. DMRS may be referred to as a UE-
specific reference signal. Further, the reference signal to
be transmitted is not limited to them.

(Radio Base Station)

[0075] FIG. 8 is a view illustrating an example of an
overall configuration of a radio base station according to
an embodiment of the present invention. The radio base
station 10 includes a plurality of transmission/reception
antennas 101, an amplifier section 102, a transmitting/re-
ceiving section 103, a baseband signal processing sec-
tion 104, a call processing section 105, and a communi-
cation path interface 106. Note that one or more trans-
mission/reception antennas 101, amplifier sections 102,
and transmitting/receiving sections 103 may be included.
[0076] User data transmitted from the radio base sta-
tion 10 to the user terminal 20 by the downlink is inputted
from the higher station apparatus 30 to the baseband

signal processing section 104 via the communication
path interface 106.
[0077] Regarding user data, the baseband signal
processing section 104 performs processing of the PDCP
(Packet Data Convergence Protocol) layer, division/com-
bination of user data, RLC layer transmission processing
such as RLC (Radio Link Control) retransmission control,
MAC (Medium Access Control) retransmission control
(for example, transmission processing of HARQ), sched-
uling, transmission format selection, channel coding, in-
verse fast Fourier transform (IFFT) processing, and
transmission processing such as precoding processing,
and the user data subjected to these processing is trans-
ferred to the transmitting/receiving section 103. The
downlink control signal is also subjected to transmission
processing such as channel coding and inverse fast Fou-
rier transform, and transferred to the transmitting/receiv-
ing section 103.
[0078] The transmitting/receiving section 103 converts
the baseband signal pre-coded and outputted from the
baseband signal processing section 104 for each anten-
na, into a radio frequency band and transmits such a
baseband signal. The radio frequency signal which is fre-
quency-converted by the transmitting/receiving section
103 is amplified by the amplifier section 102 and trans-
mitted from the transmission/reception antenna 101. The
transmitting/receiving section 103 may be composed of
a transmitter/receiver, a transmission/reception circuit or
a transmission/reception device described based on a
common recognition in the technical field of the present
invention. The transmitting/receiving section 103 may be
configured as an integral transmitting/receiving section,
or may be configured as a transmission section and a
reception section.
[0079] On the other hand, regarding the uplink signal,
the radio frequency signal received by the transmis-
sion/reception antenna 101 is amplified by the amplifier
section 102. The transmitting/receiving section 103 re-
ceives the uplink signal amplified by the amplifier section
102. The transmitting/receiving section 103 frequency-
converts the received signal into a baseband signal and
outputs it to the baseband signal processing section 104.
[0080] The baseband signal processing section 104
performs processing such as fast Fourier transform (FFT)
processing, inverse discrete Fourier transform (IDFT)
processing, error correction decoding, reception
processing of MAC retransmission control, and reception
processing for RLC layer and PDCP layer, to the user
data included in the inputted uplink signal, and the user
data subjected to these processing is transferred to the
higher station apparatus 30 via the communication path
interface 106. The call processing section 105 performs
call processing such as setting and release of a commu-
nication channel, state management of the radio base
station 10, and management of the radio resource.
[0081] The communication path interface 106 trans-
mits and receives signals to and from the higher station
apparatus 30 via a predetermined interface. In addition,
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the communication path interface 106 may perform trans-
mission/reception of the signal with other radio base sta-
tion 10 (backhaul signaling) via an inter-base station in-
terface (for example, an optical fiber conforming to CPRI
(Common Public Radio Interface), X2 interface).
[0082] The transmitting/receiving section 103 trans-
mits downlink control information (for example, DCI) re-
garding transmission and/or reception of data to the user
terminal 20. For example, the transmitting/receiving sec-
tion 103 may transmit instruction information (DL grant)
regarding reception of a downlink shared channel (PD-
SCH). In addition, the transmitting/receiving section 103
may transmit instruction information (UL grant) regarding
transmission of the uplink shared channel (PUSCH).
These DCIs may be transmitted at the same TTI or at
different TTIs. In addition, these DCIs may be transmitted
by the same frequency carrier or by different frequency
carriers.
[0083] The transmitting/receiving section 103 trans-
mits downlink data (PDSCH) at a predetermined TTI
judged (determined) by the control section 301. In addi-
tion, the transmitting/receiving section 103 may transmit
HARQ-ACK for the uplink data (PUSCH). In addition, the
transmitting/receiving section 103 may transmit informa-
tion regarding scheduling.
[0084] The transmitting/receiving section 103 receives
the uplink data from the user terminal 20 by an uplink
shared channel (for example, PUSCH), at a predeter-
mined TTI judged by the control section 301. The trans-
mitting/receiving section 103 may receive the HARQ-
ACK for the downlink data transmitted by the downlink
shared channel (PDSCH) based on DCI.
[0085] FIG. 9 is a view illustrating an example of a func-
tional configuration of a radio base station according to
an embodiment of the present invention. Note that FIG.
9 mainly illustrates the functional blocks of a character-
istic portion in this embodiment, and it is assumed that
the radio base station 10 also has other functional blocks
required for radio communication. As illustrated in FIG.
9, the baseband signal processing section 104 includes
at least a control section (scheduler) 301, a transmission
signal generation section 302, a mapping section 303, a
reception signal processing section 304, and a measur-
ing section 305.
[0086] The control section (scheduler) 301 performs
control of the entire radio base station 10. The control
section 301 may be constituted of a controller, a control
circuit or a control device, which are described based on
a common recognition in the technical field of the present
invention.
[0087] The control section 301 controls, for example,
generation of the signal by the transmission signal gen-
eration section 302 and assignment of the signal by the
mapping section 303. Further, the control section 301
controls signal reception processing by the reception sig-
nal processing section 304 and measurement of the sig-
nal by the measuring section 305.
[0088] The control section 301 controls scheduling (for

example, the resource assignment) of the system infor-
mation, the downlink data signal transmitted by PDSCH,
and the downlink control signal transmitted by PDCCH
and/or EPDCCH, and also controls scheduling of syn-
chronization signals (Primary Synchronization Signal
(PSS)/Secondary Synchronization Signal (SSS)) and
downlink reference signals such as CRS, CSI-RS, DMRS
and the like.
[0089] Further, the control section 301 controls sched-
uling of an uplink data signal transmitted by PUSCH, an
uplink control signal (for example, acknowledgment in-
formation) transmitted by PUCCH and/or PUSCH, a ran-
dom access preamble transmitted by PRACH, an uplink
reference signal, and the like.
[0090] Specifically, the control section 301 controls to
perform data transmission and/or reception correspond-
ing to downlink control information (for example, DCI)
transmitted from the transmitting/receiving section 103
at a predetermined TTI (scheduled TTI).
[0091] Here, regardless of whether the downlink con-
trol information transmitted from the transmitting/receiv-
ing section 103 is the UL grant or the DL grant, the control
section 301 controls to set the predetermined TTI to the
same TTI based on the TTI (scheduling TTI) that has
transmitted the downlink control information (first embod-
iment). The control section 301 may determine to use,
for example, the same TTI as the TTI that has transmitted
the downlink control information or the TTI that is one
TTI later, as the predetermined TTI.
[0092] The control section 301 may perform control so
as to perform transmission and/or reception of data using
the same frequency carrier regardless of whether the
downlink control information transmitted from the trans-
mitting/receiving section 103 is the UL grant or the DL
grant.
[0093] In addition, the control section 301 may perform
control so as to perform transmission and/or reception
of data corresponding to one of the plurality of downlink
control information transmitted at the same TTI. For ex-
ample, the control section 301 may perform control by
ignoring one of the UL grant and the DL grant transmitted
at the same TTI.
[0094] Further, in data transmission based on the UL
grant, the control section 301 controls the processing of
the reception signal processing section 304 and/or the
measuring section 305 on the assumption that a variable
non-transmission period (GP) is included in the sched-
uling TTI (Second embodiment). For example, the control
section 301 may determine the non-transmission period
based on the size of the resource indicated by the UL
grant, information regarding capability of UE, and the like.
[0095] Further, in the scheduling TTI, the control sec-
tion 301 may control the processing of the reception sig-
nal processing section 304 and/or the measuring section
305, on the assumption that the reference signal is trans-
mitted from the user terminal 20 using a predetermined
resource regardless of the GP length. Further, the control
section 301 may control so as to receive the measure-
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ment reference signal (for example, SRS/eSRS) and the
acknowledgment information (HARQ-ACK) for the down-
link data, after the downlink control information is trans-
mitted, or at a timing when the shortest GP length has
elapsed from the start of TTI.
[0096] The transmission signal generation section 302
generates a downlink signal (a downlink control signal,
a downlink data signal, a downlink reference signal, etc.)
based on an instruction from the control section 301, and
outputs it to the mapping section 303. The transmission
signal generation section 302 may be constituted of a
signal generator, a signal generation circuit or a signal
generation device, which are described based on a com-
mon recognition in the technical field of the present in-
vention.
[0097] The transmission signal generation section 302
generates, for example, a DL assignment for reporting
downlink signal assignment information and a UL grant
for reporting uplink signal assignment information, based
on an instruction from the control section 301. In addition,
the downlink data signal is subjected to encoding
processing and modulation processing according to a
coding rate, a modulation system, and the like deter-
mined based on channel state information (CSI: Channel
State Information) and the like from each user terminal
20.
[0098] The mapping section 303 maps the downlink
signal generated by the transmission signal generation
section 302 on a predetermined radio resource based on
the instruction from the control section 301 and outputs
it to the transmitting/receiving section 103. The mapping
section 303 may be constituted of a mapper, a mapping
circuit or a mapping device, which are described based
on a common recognition in the technical field of the
present invention.
[0099] The reception signal processing section 304
performs reception processing (for example, demapping,
demodulation, decoding, etc.) to the received signal in-
putted from the transmitting/receiving section 103. Here,
the received signal is, for example, an uplink signal (an
uplink control signal, an uplink data signal, an uplink ref-
erence signal, etc.) transmitted from the user terminal
20. The reception signal processing section 304 may be
constituted of a signal processor, a signal processing cir-
cuit or a signal processing device described based on a
common recognition in the technical field of the present
invention.
[0100] The reception signal processing section 304
outputs the information to the control section 301, the
information being decoded by reception processing. For
example, when PUCCH including HARQ-ACK is re-
ceived, the reception signal processing section 304 out-
puts HARQ-ACK to the control section 301. In addition,
the reception signal processing section 304 outputs the
received signal and the signal after reception processing,
to the measuring section 305.
[0101] The measuring section 305 performs measure-
ment regarding the received signal. The measuring sec-

tion 305 may be constituted of a measuring instrument,
a measuring circuit or a measuring device, described
based on a common recognition in the technical field of
the present invention.
[0102] The measuring section 305 may measure, for
example, a received power (for example, RSRP (Refer-
ence Signal Received Power)) of the received signal, a
received quality (for example, RSRQ (Reference Signal
Received Quality)), a channel state, and the like. Meas-
urement results may be outputted to the control section
301.

(User terminal)

[0103] FIG. 10 is a diagram illustrating an example of
an overall configuration of a user terminal according to
an embodiment of the present invention. The user termi-
nal 20 includes a plurality of transmission/reception an-
tennas 201, an amplifier section 202, a transmitting/re-
ceiving section 203, a baseband signal processing sec-
tion 204, and an application section 205. Note that one
or more transmission/reception antennas 201, amplifier
sections 202, and transmitting/receiving sections 203
may be included.
[0104] The radio frequency signal received by the
transmission/reception antenna 201 is amplified by the
amplifier section 202. The transmitting/receiving section
203 receives the downlink signal amplified by the ampli-
fier section 202. The transmitting/receiving section 203
frequency-converts the received signal into a baseband
signal, and outputs it to the baseband signal processing
section 204. The transmitting/receiving section 203 may
be constituted of a transmitter/receiver, a transceiver cir-
cuit or a transceiver device, described based on a com-
mon recognition in the technical field of the present in-
vention. Note that the transmitting/receiving section 203
may be configured as an integrated transmitting/receiv-
ing section, or may be configured including a transmis-
sion section and a reception section.
[0105] The baseband signal processing section 204
performs FFT processing, error correction decoding, re-
ception processing for retransmission control and the
like, to the input baseband signal. The downlink user data
is transferred to the application section 205. The appli-
cation section 205 performs processing regarding layers
higher than a physical layer and a MAC layer. In addition,
broadcast information in the downlink data is also trans-
ferred to the application section 205.
[0106] On the other hand, uplink user data is inputted
from the application section 205 to the baseband signal
processing section 204. In the baseband signal process-
ing section 204, transmission processing for retransmis-
sion control (for example, transmission processing of
HARQ), channel encoding, precoding, discrete Fourier
transform (DFT) processing, IFFT processing and the
like are performed, and the processed baseband signal
is transferred to the transmitting/receiving section 203.
The transmitting/receiving section 203 converts the
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baseband signal outputted from the baseband signal
processing section 204 into a radio frequency band and
transmits the converted baseband signal. The radio fre-
quency signal which is frequency-converted by the trans-
mitting/receiving section 203 is amplified by the amplifier
section 202 and transmitted from the transmission/recep-
tion antenna 201.
[0107] In addition, the transmitting/receiving section
203 transmits the uplink data to the radio base station 10
using the uplink shared channel (for example, by
PUSCH) at a predetermined TTI determined by the con-
trol section 401. The transmitting/receiving section 203
may transmit HARQ-ACK for the downlink data transmit-
ted by the downlink shared channel (PDSCH) based on
DCI.
[0108] The transmitting/receiving section 203 receives
DCI regarding transmission and/or reception of data from
the radio base station 10. For example, the transmit-
ting/receiving section 203 may receive instruction infor-
mation (DL grant) regarding reception of the downlink
shared channel (PDSCH). Further, the transmitting/re-
ceiving section 203 may receive instruction information
(UL grant) regarding transmission of the uplink shared
channel (PUSCH). These DCIs may be received at the
same TTI or at different TTIs. In addition, these DCIs may
be received using the same frequency carrier or using
different frequency carriers.
[0109] The transmitting/receiving section 203 receives
downlink data (PDSCH) at a predetermined TTI judged
by the control section 401. Further, the transmitting/re-
ceiving section 203 may receive HARQ-ACK for the up-
link data (PUSCH). Further, the transmitting/receiving
section 203 may receive information regarding schedul-
ing.
[0110] FIG. 11 is a view illustrating an example of a
functional configuration of a user terminal according to
an embodiment of the present invention. In FIG. 11, the
functional blocks of the characteristic parts in this em-
bodiment are mainly illustrated, and it is assumed that
the user terminal 20 also has other functional blocks for
radio communication. As illustrated in FIG. 11, the base-
band signal processing section 204 included in the user
terminal 20 includes at least a control section 401, a
transmission signal generation section 402, a mapping
section 403, a reception signal processing section 404,
and a measuring section 405.
[0111] The control section 401 controls the entire user
terminal 20. The control section 401 may be constituted
of a controller, a control circuit or a control device, de-
scribed based on a common recognition in the technical
field of the present invention.
[0112] The control section 401 controls, for example,
generation of a signal by the transmission signal gener-
ation section 402 and assignment of a signal by the map-
ping section 403. Further, the control section 401 controls
signal reception processing by the reception signal
processing section 404 and measurement of signals by
the measuring section 405.

[0113] The control section 401 obtains from the recep-
tion signal processing section 404, a downlink control
signal (signal transmitted by PDCCH/EPDCCH) and a
downlink data signal (signal transmitted by PDSCH)
which are transmitted from the radio base station 10. The
control section 401 controls the generation of an uplink
control signal (for example, acknowledgment information
and the like) and the generation of an uplink data signal
based on a result, etc., of judging whether or not retrans-
mission control is required for the downlink data signal.
[0114] Specifically, the control section 401 performs
control such that transmission and/or reception of data
corresponding to the downlink control information (for ex-
ample, DCI) obtained from the reception signal process-
ing section 404 is performed at a predetermined TTI
(scheduled TTI).
[0115] Here, even when the downlink control informa-
tion received by the reception signal processing section
404 is the UL grant or the DL grant, the control section
401 controls to set the predetermined TTI to the same
TTI based on the TTI (scheduling TTI) that has received
the downlink control information. Further, the control sec-
tion 401 may determine to use, for example, the same
TTI as the TTI that has received the downlink control
information or the following TTI (for example, one TTI
later), as the predetermined TTI.
[0116] The control section 401 may control to perform
transmission and/or reception of data using the same
frequency carrier regardless of whether the downlink
control information received by the reception signal
processing section 404 is the UL grant or the DL grant.
[0117] Further, when a plurality of downlink control in-
formation received at the same TTI is inputted from the
reception signal processing section 404, the control sec-
tion 401 may control to perform transmission and/or re-
ception of data by regarding one of the grants as valid.
For example, the control section 401 may perform control
by ignoring one of the UL grant and the DL grant received
at the same TTI.
[0118] Further, in data transmission based on the UL
grant, the control section 401 may control to set a variable
non-transmission period (GP) in the scheduling TTI (sec-
ond embodiment). For example, the control section 401
may determine the non-transmission period based on
the size of the resource instructed by the UL grant, the
TBS, or the like.
[0119] Further, when the signal is transmitted at the
scheduling TTI, the control section 401 may control so
that the reference signal is transmitted using a predeter-
mined resource regardless of the GP length. Further, the
control section 401 may control so as to transmit the
measurement reference signal (for example,
SRS/eSRS) or the acknowledgment information (HARQ-
ACK) for the downlink data after the downlink control in-
formation is received or at the timing when the shortest
GP length has elapsed from the start of TTI.
[0120] In addition, when information regarding sched-
uling (for example, the number of TTIs from the sched-
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uling TTI to the scheduled TTI) is obtained from the re-
ception signal processing section 404, the control section
401 may update the parameters used for the control,
based on this information.
[0121] The transmission signal generation section 402
generates an uplink signal (an uplink control signal, an
uplink data signal, an uplink reference signal, etc.) based
on an instruction from the control section 401, and out-
puts it to the mapping section 403. The transmission sig-
nal generation section 402 may be constituted of a signal
generator, a signal generation circuit or a signal gener-
ation device, described based on a common recognition
in the technical field of the present invention.
[0122] The transmission signal generation section 402
generates an uplink control signal regarding acknowl-
edgment information and channel state information (CSI)
based on an instruction from the control section 401 for
example. In addition, the transmission signal generation
section 402 generates an uplink data signal based on an
instruction from the control section 401. For example,
when the UL grant is included in the downlink control
signal reported from the radio base station 10, the trans-
mission signal generation section 402 is instructed by
the control section 401 to generate the uplink data signal.
[0123] The mapping section 403 maps the uplink signal
generated by the transmission signal generation section
402 on a radio resource based on an instruction from the
control section 401, and outputs the mapped radio re-
source to the transmitting/receiving section 203. The
mapping section 403 may be constituted of a mapper, a
mapping circuit or a mapping device, described based
on a common recognition in the technical field of the
present invention.
[0124] The reception signal processing section 404
performs reception processing (for example, demapping,
demodulation, decoding, etc.) to the received signal in-
putted from the transmitting/receiving section 203. Here,
the received signal is, for example, a downlink signal (a
downlink control signal, a downlink data signal, a down-
link reference signal, etc.) transmitted from the radio base
station 10. The reception signal processing section 404
may be constituted of a signal processor, a signal
processing circuit or a signal processing device, de-
scribed based on a common recognition in the technical
field of the present invention. Further, the reception signal
processing section 404 constitutes the reception section
of the present invention.
[0125] The reception signal processing section 404
blind-decodes DCI (DCI format) for scheduling transmis-
sion and/or reception of data of a predetermined TTI (TB:
Transport Block) based on an instruction from the control
section 401. For example, the reception signal process-
ing section 404 may decode the DCI by performing a
demasking processing using a predetermined identifier
(RNTI: Radio Network Temporary Identifier), or may de-
code the DCI assuming a predetermined payload size.
[0126] The reception signal processing section 404
outputs the information decoded by the reception

processing to the control section 401. The reception sig-
nal processing section 404 outputs, for example, broad-
cast information, system information, RRC signaling,
DCI, and the like, to the control section 401. In addition,
the reception signal processing section 404 outputs the
received signal and the signal after the reception
processing to the measuring section 405.
[0127] The measuring section 405 performs measure-
ment regarding the received signal. The measuring sec-
tion 405 may be constituted of a measuring device, a
measuring circuit or a measuring device, described
based on a common recognition in the technical field of
the present invention.
[0128] For example, the measuring section 405 may
measure the received power (for example, RSRP), the
received quality (for example, RSRQ), the channel state,
and the like of the received signal. The measurement
result may be outputted to the control section 401.
[0129] Note that the block diagram used in the descrip-
tion of the above embodiment shows blocks of functional
sections. These functional blocks (constituent parts) are
realized by arbitrary combination of hardware and soft-
ware. Means for realizing each functional block is not
particularly limited. In other words, each functional block
may be realized by one physically coupled device, or may
be realized by a plurality of devices by connecting two or
more physically separated devices by wired or wireless
connection.
[0130] For example, some or all of the functions of the
radio base station 10 and the user terminal 20 may be
realized by using hardware such as ASIC (Application
Specific Integrated Circuit), PLD (Programmable Logic
Device), and FPGA (Field Programmable Gate Array),
etc. Further, the radio base station 10 and the user ter-
minal 20 may be realized by a computer device including
a processor (CPU: Central Processing Unit), a commu-
nication interface for network connection, a memory, and
a computer readable storage medium holding a program.
In other words, the radio base station, the user terminal,
and the like according to an embodiment of the present
invention may function as a computer that performs
processing of the radio communication method of the
present invention.
[0131] Here, the processor, the memory and the like
are connected by a bus for communicating information.
The computer-readable recording medium is the record-
ing medium, for example such as a flexible disk, a mag-
neto-optical disk, a ROM (Read Only Memory), an
EPROM (Erasable Programmable ROM), a CD-ROM
(Compact Disc-ROM), a RAM (Random Access Memo-
ry) and a hard disk. Further, the program may be trans-
mitted from the network via an electric communication
line. Further, the radio base station 10 and the user ter-
minal 20 may include an input device such as an input
key and an output device such as a display.
[0132] Functional configurations of the radio base sta-
tion 10 and the user terminal 20 may be realized by the
above-described hardware, by a software module exe-
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cuted by a processor, or may be realized by a combina-
tion of both. The processor operates the operating sys-
tem to control the entire user terminal. In addition, the
processor reads programs, software modules and data
from the storage medium to the memory, and executes
various processes according to them.
[0133] Here, the program may be the program that
causes a computer to execute the operations described
in the above embodiments. For example, the control sec-
tion 401 of the user terminal 20 may be realized by a
control program which is stored in a memory and which
is operated by a processor, and other functional block
may be similarly realized.
[0134] Further, software and instructions, etc. may be
transmitted and received via a transmission medium. For
example, when the software is transmitted from a web-
site, server, or other remote source using wired technol-
ogies such as coaxial cable, fiber optic cable, twisted pair
and digital subscriber line (DSL) and/or wireless technol-
ogies such as infrared, radio and microwave, these wired
and/or wireless technologies are included within the def-
inition of the transmission medium.
[0135] Terms described in this specification and/or
terms necessary for understanding this specification may
be replaced with terms having the same or similar mean-
ings. For example, the channel and/or symbol may be a
signal (signaling). In addition, the signal may be a mes-
sage. In addition, the component carrier (CC) may be
referred to as a frequency carrier, a carrier frequency, a
cell, or the like.
[0136] In addition, the information, parameters, and
the like described in this specification may be expressed
by an absolute value, may be expressed as a relative
value with respect to a predetermined value, or may be
expressed by another corresponding information. For ex-
ample, the radio resource may be indicated by an index.
[0137] The information and signals, etc. described
herein may be expressed using any one of a variety of
different technologies. For example, data, instructions,
commands, information, signals, bits, symbols, and
chips, etc. that may be mentioned throughout the above
description may be represented by voltages, currents,
electromagnetic waves, magnetic fields or particles, op-
tical fields or photons, or may be expressed by a combi-
nation of them.
[0138] Each aspect/embodiment described in this
specification may be used singly or in combination, or
may be used by being switched during execution. Fur-
ther, notification of predetermined information (for exam-
ple, notification of "being X") is not limited to being per-
formed explicitly, but may be performed implicitly (for ex-
ample, by not performing notification of the predeter-
mined information).
[0139] Informational notification is not limited to the as-
pects/embodiments described in this specification, and
may be performed in other ways. For example, the noti-
fication of information may be performed by physical lay-
er signaling (for example, DCI (Downlink Control Infor-

mation), UCI (Uplink Control Information)), upper layer
signaling (for example, RRC (Radio Resource Control)
signaling, MAC (Medium Access Control) signaling,
broadcast information (MIB (Master Information Block),
SIB (System Information Block))), other signals, or a
combination thereof. In addition, the RRC signaling may
be referred to as an RRC message, for example, may be
referred to as an RRC connection setup (RRCConnec-
tionSetup) message, an RRC connection reconfiguration
(RRCConnectionReconfiguration) message, or the like.
[0140] Each aspect/embodiment described in this
specification may be applied to systems that use LTE
(Long Term Evolution), LTE-A (LTE-Advanced), LTE-B
(LTE-Beyond), SUPER 3G, IMT-Advanced, 4G (4th gen-
eration mobile communication system), 5G (5th genera-
tion mobile communication system), FRA (Future Radio
Access), New-RAT (Radio Access Technology), CDMA
2000, UMB (Ultra Mobile Broadband), IEEE 802.11 (Wi-
Fi (registered trademark)), IEEE 802.16 (WiMAX (regis-
tered trademark)), IEEE 802.20, UWB (Ultra-Wide
Band), Bluetooth (registered trademark), or other suita-
ble system and/or next-generation systems expanded
based on them.
[0141] As long as there is no inconsistency, the order
of processes, sequences, flowcharts and the like of each
aspect/embodiment described in this specification may
be exchanged. For example, for the methods described
herein, the elements of the various steps are presented
in an exemplary order and are not limited to the presented
specific order.
[0142] Although the present invention has been de-
scribed in detail above, it will be apparent to those skilled
in the art that the present invention is not limited to the
embodiments described in this specification. The present
invention may be corrected and modified without depart-
ing from the gist and the scope of the present invention
defined by the description of the claims. Accordingly, the
description of the present specification is for the purpose
of exemplification and does not have any restrictive
meaning to the present invention.
[0143] The present application is based on Japanese
Patent Application No.2015-171452 filed on August 31,
2015, the entire contents of which are hereby incorpo-
rated by reference.

Claims

1. A user terminal, comprising:

a reception section that receives at least one
downlink control information out of first downlink
control information for scheduling reception of
downlink data and second downlink control in-
formation for scheduling transmission of uplink
data; and
a control section that controls to perform recep-
tion of the downlink data and/or transmission of
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the uplink data corresponding to the downlink
control information at a predetermined transmis-
sion time interval (TTI),
wherein the control section is configured to set
the predetermined TTI to the same TTI based
on the TTI that has received the downlink control
information, regardless of whether the downlink
control information is the first downlink control
information or the second downlink control in-
formation.

2. The user terminal according to claim 1, wherein the
predetermined TTI is the same TTI as the TTI that
has received downlink control information, or the TTI
that is one TTI later.

3. The user terminal according to claim 1 or 2, wherein
the control section controls to transmit and/or receive
data using the same frequency carrier, regardless
of whether the received downlink control information
is at least one of the first downlink control information
and the second downlink control information.

4. The user terminal according to claim 3, wherein
when both the first downlink control information and
the second downlink control information are received
at the same TTI, the control section controls to ignore
the second downlink control information.

5. The user terminal according to any one of claims 1
to 4, wherein when the second downlink control in-
formation is received, the control section controls to
provide a non-transmission period in the predeter-
mined TTI.

6. The user terminal according to claim 5, wherein the
control section makes the length of the non-trans-
mission period variable within a predetermined
range.

7. The user terminal according to claim 6, wherein the
control section controls to transmit a reference signal
using a predetermined radio resource not depending
on a length of the non-transmission period in the pre-
determined TTI.

8. The user terminal according to claim 6 or 7, wherein
the control section controls to transmit a measure-
ment reference signal and/or acknowledgment infor-
mation for the downlink data immediately after
elapse of the non-transmission period correspond-
ing to a minimum value of the predetermined range
in the predetermined TTI.

9. A radio base station, comprising:

a transmission section that transmits at least one
downlink control information out of first downlink

control information for scheduling reception of
downlink data and second downlink control in-
formation for scheduling transmission of uplink
data; and
a control section that controls to perform trans-
mission of the downlink data and/or reception of
the uplink data corresponding to the downlink
control information at a predetermined transmis-
sion time interval (TTI),
wherein the control section is configured to set
the predetermined TTI to the same TTI based
on the TTI that has received the downlink control
information, regardless of whether the downlink
control information is the first downlink control
information or the second downlink control in-
formation.

10. A radio communication method, comprising the
steps of:

receiving at least one downlink control informa-
tion out of first downlink control information for
scheduling reception of downlink data and sec-
ond downlink control information for scheduling
transmission of uplink data; and
controlling to perform reception of the downlink
data and/or transmission of the uplink data cor-
responding to the downlink control information
at a predetermined transmission time interval
(TTI),
wherein the control step is configured to set the
predetermined TTI to the same TTI based on
the TTI that has received the downlink control
information, regardless of whether the downlink
control information is the first downlink control
information or the second downlink control in-
formation.
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