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(54) USER TERMINAL, RADIO BASE STATION AND RADIO COMMUNICATION METHOD

(57) The invention aims to perform UL transmission
in an appropriate manner even when using short trans-
mission time intervals (TTIs). A user terminal includes a
transmission section that performs the UL transmission
using at least one of a plurality of TTIs contained in one

subframe of existing systems, and a control section that
controls allocation of an UL signal and/or an UL channel.
The TTI is constituted of an even number of symbols of
the existing system. The control section allocates an up-
link control channel on the basis of the TTI.
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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 next-generation mobile communication systems.

Background Art

[0002] In Universal Mobile Telecommunications Sys-
tem (UMTS) networks, Long Term Evolution (LTE) has
been specified for the purpose of providing increased
data rates, reduced delay, and the like (non-patent doc-
ument 1). To achieve further broadbandization and in-
creased speed beyond LTE (also referred to as LTE Re-
lease 8), LTE-Advanced (also referred to as LTE Release
10, 11, or 12) is specified and successor systems thereto
(e.g. LTE Release 13 and the like) are studied.
[0003] In LTE Releases 10 and 11, Carrier Aggregation
(CA), which aggregates multiple component carriers
(CCs), is introduced in order to achieve broadbandiza-
tion. Each CC is structured in units of system bandwidths
of LTE Release 8. In CA, the CCs from a single radio
base station (eNodeB: eNB) are allocated to a user ter-
minal (user equipment: UE).
[0004] In LTE Release 12, Dual Connectivity (DC),
which allocates multiple cell groups (CGs) from different
radio base stations to a user terminal, is introduced. Each
CG is constituted of at least one cell (CC). Since DC
aggregates the CCs from the different radio base sta-
tions, DC is also referred to as Inter-eNB CA and the like.
[0005] In LTE Releases 8 to 12, a transmission time
interval (TTI) is set at 1 ms in DL transmission and UL
transmission between radio base stations and user ter-
minals. In LTE systems (Releases 8 to 12), the TTI is
also referred to as a subframe length.

Citation List

Non-Patent Literature

[0006] Non-patent document 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

[0007] Future radio communication systems of LTE
Release 13 or later, 5G, and the like envision communi-
cation in high frequency bands of several tens of GHz,
and communication of relatively small amounts of data
such as Internet of Things (IoT), Machine Type Commu-
nication (MTC), and Machine To Machine (M2M). Apply-
ing a communication method of LTE Releases 8 to 12

(e.g. TTIs of 1 ms) to the future radio communication
systems may be unable to offer sufficient communication
services. Demands for Device To Device (D2D) and Ve-
hicular To Vehicular (V2V), which require short delay
communication, have been increasing too.
[0008] Thus, in the future radio communication sys-
tems, communication using short TTIs that are set short-
er than 1 ms is considered. In this case, a user terminal
may perform communication with a plurality of cells using
different TTIs (for example, by CA or DC). However, when
using the short TTIs, the issue of how to arrange (allo-
cate) transmission signals and/or transmission channels
arises. For example, there arises a problem that how the
user terminal that performs UL transmission using the
short TTIs arranges (allocates) UL signals and/or UL
channels to control the UL transmission.
[0009] Considering the above, one of objects of the
present invention is to provide a user terminal, a radio
base station, and a radio communication method that
can perform UL transmission in an appropriate manner
even when using short TTIs.

Solution to Problem

[0010] A user terminal according to an aspect of the
present invention includes a transmission section that
performs UL transmission using at least one of a plurality
of transmission time intervals (TTIs) contained in one
subframe of existing systems, and a control section that
controls the allocation of an UL signal and/or an UL chan-
nel. The TTI is constituted of an even number of symbols
of the existing systems. The control section allocates an
uplink control channel on the basis of the TTI.

Technical Advantageous of Invention

[0011] According to the present invention, even when
using short TTIs, UL transmission can be performed in
an appropriate manner.

Brief Description of Drawings

[0012]

Figure 1 is a drawing depicting an example of a trans-
mission time interval (TTI) in existing LTE systems
(Releases 8 to 12);
Figure 2 is an explanatory view of a normal TTI and
a short TTI;
Figures 3A and 3B are drawings depicting examples
of the structure of the short TTI;
Figures 4A to 4C are drawings depicting examples
of the configuration of normal TTIs and the short
TTIs;
Figure 5 is a drawing depicting short TTIs and an
example of allocation of an UL signal and an UL
channel according to a first aspect;
Figure 6 is a drawing depicting short TTIs and an-
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other example of allocation of the UL signal and the
UL channel according to the first aspect;
Figure 7 is a drawing depicting short TTIs and an-
other example of allocation of the UL signal and the
UL channel according to the first aspect;
Figure 8 is a drawing depicting short TTIs and an-
other example of allocation of the UL signal and the
UL channel according to the first aspect;
Figure 9 is a drawing depicting an example of HARQ
timing when using short TTIs according to a second
aspect;
Figure 10 is a drawing depicting another example of
HARQ timing when using the short TTIs according
to the second aspect;
Figure 11 is a drawing depicting another example of
HARQ timing when using the short TTIs according
to the second aspect;
Figure 12 is a schematic configuration diagram of an
example of a radio communication system according
to an embodiment;
Figure 13 is a drawing depicting an example of the
entire configuration of a radio base station according
to the embodiment;
Figure 14 is a drawing depicting an example of the
functional configuration of the radio base station ac-
cording to the embodiment;
Figure 15 is a drawing depicting an example of the
entire configuration of a user terminal according to
the embodiment; and
Figure 16 is a drawing depicting an example of the
functional configuration of the user terminal accord-
ing to the embodiment.

Description of Embodiments

[0013] Figure 1 is an explanatory view of an example
of a transmission time interval (TTI) in existing systems
(LTE Releases 8 to 12). As depicted in Figure 1, in LTE
Releases 8 to 12, the TTI (hereinafter referred to as "nor-
mal TTI") has a time length of 1 ms. The normal TTI is
also referred to as a subframe. The normal TTI is con-
stituted of two time slots. The normal TTI is a transmission
time unit of one channel-coded data packet (transport
block), and is a processing unit of scheduling, link adap-
tation, and the like.
[0014] As depicted in Figure 1, when using normal cy-
clic prefixes (CPs) in a downlink (DL), the normal TTI is
constituted of fourteen orthogonal frequency division
multiplexing (OFDM) symbols (seven OFDM symbols
per slot). Each OFDM symbol has a time length (symbol
length) of 66.7 ms, and a normal CP of 4.76 ms is added
therebetween. Since a subcarrier interval is the recipro-
cal of the symbol length, when the symbol length is 66.7
ms, the subcarrier interval is 15 kHz.
[0015] In an uplink (UL) using normal cyclic prefixes
(CPs), the normal TTI is constituted of fourteen single
carrier frequency division multiple access (SC-FDMA)
symbols (seven SC-FDMA symbols per slot). Each SC-

FDMA symbol has a time length (symbol length) of 66.7
ms, and a normal CP of 4.76 ms is added therebetween.
Since a subcarrier interval is the reciprocal of the symbol
length, when the symbol length is 66.7 ms, the subcarrier
interval is 15 kHz.
[0016] When using extended CPs, the normal TTI may
be constituted of twelve OFDM symbols (or twelve SC-
FDMA symbols). In this case, each OFDM symbol (or
each SC-FDMA symbol) has a time length of 66.7 ms,
and an extended CP of 16.67 ms is added therebetween.
[0017] Future radio communication systems of LTE
Release 13 or later, 5G, and the like desire a radio inter-
face appropriate for high frequency bands of several tens
of GHz, and a radio interface that minimizes delay in-
tended for Internet of Things (IoT), Machine Type Com-
munication (MTC), Machine To Machine (M2M), Device
To Device (D2D), and Vehicular To Vehicular (V2V) serv-
ices.
[0018] Thus, in the future radio communication sys-
tems, communication may be performed using short TTIs
that are shorter than 1 ms (see Figure 2). Figure 2 depicts
a cell (CC #1) using the normal TTIs (1 ms) and a cell
(CC #2) using the short TTIs. When using the short TTIs,
a subcarrier interval may be changed (for example, a
subcarrier interval may be increased) from that when us-
ing the normal TTIs.
[0019] When using the TTIs (hereinafter referred to as
"short TTIs") shorter than the normal TTIs, an increase
in a time margin in processing (e.g. encoding and decod-
ing) in user terminals and radio base stations allows a
reduction in processing delay. Using the short TTIs also
allows an increase in the number of accessible user ter-
minals per unit of time (for example, 1 ms). The structure
of the short TTI and the like will be described below.

(Examples of Structure of Short TTI)

[0020] Examples of the structure of the short TTI will
be described with reference to Figures 3A and 3B. As
depicted in Figures 3A and 3B, the short TTI has a time
length (TTI length) shorter than 1 ms. The short TTI may
have a TTI length of, for example, 0.5 ms, 0.25 ms, 0.2
ms, or 0.1 ms the integral multiple of which is 1 ms.
[0021] Figures 3A and 3B describe the cases of using
normal CPs as examples, but the invention is not limited
thereto. The short TTI may have any length as long as it
is shorter than the normal TTI, and may have any struc-
ture as to the number of symbols, the length of each
symbol, and the length of each CP. OFDM symbols are
used in a DL and SC-FDMA symbols are used in an UL
in the following description, but the invention is not limited
thereto.
[0022] Figure 3A depicts a first example of the structure
of the short TTI. In the first example, as depicted in Figure
3A, the short TTI is constituted of fourteen OFDM sym-
bols (or SC-FDMA symbols) the number of which is the
same as that of the normal TTI. Each OFDM symbol (or
each SC-FDMA symbol) has a symbol length shorter
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than the symbol length (=66.7 mm) of the normal TTI.
[0023] When shortening the symbol length while main-
taining the number of the symbols of the normal TTI, as
depicted in Figure 3A, a physical layer signal structure
of the normal TTI can be shared. When shortening the
symbol length while maintaining the number of the sym-
bols of the normal TTI, the amount of information (the
number of bits) contained (included) in the short TTI is
reduced, as compared with the normal TTI, due to an
increase in subcarrier intervals.
[0024] Figure 3B depicts a second example of the
structure of the short TTI. In the second example, as de-
picted in Figure 3B, the short TTI is constituted of a less
number of OFDM symbols (or SC-FDMA symbols) than
the normal TTI. Each OFDM symbol (or each SC-FDMA
symbol) has the same symbol length as the symbol length
(=66.7 mm) of the normal TTI. In this case, the short TTI
is structured in units of a symbol contained (included) in
the normal TTI. For example, the short TTI is structured
using a part of fourteen symbols contained in one sub-
frame. In Figure 3B, the short TTI is constituted of seven
OFDM symbols (or SC-FDMA symbols), which is half the
number of the symbols of the normal TTI.
[0025] When reducing the number of the symbols while
maintaining the symbol length, as depicted in Figure 3B,
the amount of information (the number of bits) contained
in the short TTI is reduced, as compared with the normal
TTI. User terminals can process (e.g. demodulate, de-
code, and the like) reception information contained in the
short TTI in shorter time than in the normal TTI, thus
allowing a reduction in processing delay. Signals con-
tained in the short TTI of Figure 3B can be multiplexed
on signals of the normal TTI in the same CC (for example,
orthogonal frequency division multiplexing: OFDM), thus
allowing maintaining compatibility with the normal TTI.

(Examples of Configuration of Short TTIs)

[0026] Examples of the configuration of the short TTIs
will be described. When using the short TTIs, user ter-
minals may be configured for both of the normal TTIs and
the short TTIs so as to have compatibility with existing
systems (LTE Releases 8 to 12). Figures 4A to 4C depict
examples of the configuration of the normal TTIs and the
short TTIs. Note that, Figures 4A to 4C depict just exam-
ples, and the configuration of the TTIs is not limited there-
to.
[0027] Figure 4A is a drawing of a first example of the
configuration of the short TTIs. As depicted in Figure 4A,
the normal TTIs and the short TTIs may be temporally
mixed in a single component carrier (CC) (a single fre-
quency band). To be more specific, the short TTIs may
be configured in specific subframes (or specific radio
frames) of the single CC. For example, In Figure 4A, the
short TTIs are configured in continuous five subframes
of the single CC, while the normal TTIs are configured in
the other subframes. The specific subframes may be, for
example, subframes allocated for MBSFN transmission,

and subframes that carry (or do not carry) specific signals
such as MIB and synchronization channels. The number
and positions of the subframes in which the short TTIs
are configured are not limited to the example of Figure 4A.
[0028] Figure 4B is a drawing of a second example of
the configuration of the short TTIs. As depicted in Figure
4B, CCs of the normal TTIs and a CC of the short TTIs
may be aggregated in Carrier Aggregation (CA) or Dual
Connectivity (DC). To be more specific, the short TTIs
may be configured in a specific CC (more specifically, a
DL and/or an UL of the specific CC). For example, in
Figure 4B, the short TTIs are configured in a downlink of
a specific CC, and the normal TTIs are configured in a
downlink and an uplink of other CCs. The number and
positions of CCs in which the short TTIs are configured
are not limited to the example of Figure 4B.
[0029] In CA, the short TTIs may be configured in a
specific CC (primary (P) cell or/and secondary (S) cell)
from a single radio base station. In DC, on the other hand,
the short TTIs may be configured in a specific CC (P cell
or/and S cell) in a master cell group (MCG) formed by a
first radio base station, or a specific CC (primary second-
ary (PS) cell or/and S cell) in a secondary cell group
(SCG) formed by a second radio base station.
[0030] Figure 4C is a drawing of a third example of the
configuration of the short TTIs. As depicted in Figure 4C,
the short TTIs may be configured in any of a DL and an
UL. For example, in Figure 4C, the normal TTIs are con-
figured in the UL, while the short TTIs are configured in
the DL in a TDD system.
[0031] The short TTIs may be allocated to (configured
in) a specific channel or signal in a DL or an UL. For
example, the normal TTIs may be allocated to a physical
uplink control channel (PUCCH), while the short TTIs
may be allocated to a physical uplink shared channel
(PUSCH).
[0032] A multi-access scheme different from OFDM (or
SC-FDMA), which is a multi-access scheme for LTE Re-
leases 8 to 12, may be allocated to (configured in) the
short TTIs.
[0033] As described above, in the future radio commu-
nication, it is assumed that the short TTIs that are shorter
than the normal TTIs are applied to the UL transmission
and/or the DL transmission. The future radio communi-
cation is assumed to have compatibility with the existing
systems as described above. In this case, the short TTI
is assumed to be constituted of a part of the fourteen
symbols contained in the normal TTI (one subframe) in
the existing systems (see Figure 3B).
[0034] In this case, however, there arises the problem
of how to establish the short TTIs and how to arrange
(allocate) transmission signals and/or transmission
channels in the short TTIs. For example, when a user
terminal performs UL transmission using short TTIs, how
to establish the short TTIs and how to allocate UL signals
and/or UL channels therein becomes a problem.
[0035] Thus, the inventors have come up with the idea
of establishing short TTIs in units of a symbol of existing
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systems, and controlling allocation of signals and/or
channels in the short TTIs in consideration of compati-
bility with the radio frame structure of the existing sys-
tems. In an aspect of an embodiment, a plurality of short
TTIs are established in one subframe of the existing sys-
tems and the allocation of an UL signal and/or an UL
channel is controlled in each short TTI in consideration
of the one subframe of the existing systems.
[0036] In the embodiment, a plurality of short TTIs are
established in one subframe of existing systems, and a
user terminal controls so as to allocate an UL signal
and/or an UL channel to an even number of symbols of
the existing systems. For example, the short TTI is con-
stituted of an even number of symbols of the existing
systems. In this case, the establishment of the short TTIs,
the allocation of an uplink control channel, and the like
can be controlled in consideration of the allocation of an
uplink measurement reference signal and the like. When
the user terminal controls the allocation of the UL signal
and/or the UL channel using the even number of symbols
of the existing systems, the UL signal and/or the UL chan-
nel allocated to different frequency ranges by frequency
hopping have/has an equal number of symbols.
[0037] Therefore, since the short TTIs are established
and the number of symbols allocated to the UL signal
and/or the UL channel (or the number of symbols per
TTI) is controlled in consideration of the radio frame struc-
ture of the existing systems, it is possible to perform com-
munication in an appropriate manner with maintaining
compatibility with the existing systems, even when using
the short TTIs.
[0038] This embodiment will be described below in de-
tail. In the following description, a transmission unit hav-
ing a time length shorter than the normal TTI (1 ms) is
referred to as short TTI, but the name of the transmission
unit is not limited to the "short TTI". The following descrip-
tion takes an LTE system as an example, but this em-
bodiment is not limited thereto. This embodiment is ap-
plicable to any system using short TTIs.

(First Aspect)

[0039] A first aspect describes a method for allocating
(mapping) an UL signal and/or an UL channel in short
TTIs. The following description describes the allocation
of UL transmission by taking an uplink control channel
(e.g. PUCCH) and an uplink measurement reference sig-
nal (e.g. SRS) as an example, but the invention is not
limited thereto. For example, a demodulation reference
signal may be allocated to a symbol and/or a subcarrier
next to a region to which the uplink control channel is
allocated. User data (e.g. PUSCH) may be allocated to
a region to which no uplink control channel is allocated.

<One TTI Constituted of One Slot>

[0040] Figure 5 depict an example of a method for al-
locating an UL signal and/or an UL channel, when a short

TTI is constituted of one slot of a subframe of existing
systems (one TTI = one slot). In this case, two short TTIs,
i.e. a short TTI corresponding to a first slot and a short
TTI corresponding to a second slot, are configured in one
subframe of the existing systems.
[0041] A user terminal allocates an UL signal and/or
an UL channel to each short TTI. For example, the user
terminal applies frequency hopping to an uplink control
channel (e.g. PUCCH) to control the allocation in each
short TTI. This allows obtaining a frequency diversity ef-
fect, even when using the short TTIs.
[0042] In Figure 5, the uplink control channel can be
allocated to seven symbols in the short TTI correspond-
ing to the first slot. In this case, the user terminal controls
such that the uplink control channel allocated to different
frequency ranges by the frequency hopping has different
numbers of symbols.
[0043] The short TTI corresponding to the second slot
is also constituted of seven slots. On the other hand, in
the existing systems, an uplink measurement reference
signal (e.g. SRS: sounding reference signal (symbol)) is
allocated to the last symbol of the subframe (second slot).
In this case, the user terminal preferably allocates no
uplink control channel to the last symbol, in order to pre-
vent collision between the uplink control channel and the
uplink measurement reference signal.
[0044] Thus, the user terminal controls so as to allocate
the uplink control channel to six symbols (symbols #0 to
#5) except for the symbol to which the uplink measure-
ment reference signal is applied. In this case, the user
terminal controls such that the uplink control channel al-
located to different frequency ranges by the frequency
hopping has an equal number of symbols (three symbols,
here).
[0045] Thus, when the short TTI is constituted of one
slot of one subframe of the existing systems, the user
terminal can control the allocation of the UL signal and/or
the UL channel using the different mapping methods be-
tween the short TTI corresponding to the first slot and
the short TTI corresponding to the second slot. There-
fore, it is possible to improve use efficiency of radio re-
sources, while considering the allocation of the uplink
measurement reference signal, which is defined in the
existing systems.
[0046] The user terminal can control so as to multiplex
the uplink control channel allocated to the short TTIs with
an uplink control channel allocated to an existing system
(normal TTIs). In this case, the multiplexing (e.g. frequen-
cy division multiplexing and/or code division multiplexing)
is controlled so as to prevent collision (orthogonalize)
between a resource of the uplink control channel allocat-
ed to the short TTIs and a resource of the uplink control
channel of the existing system.
[0047] The user terminal can allocate the uplink meas-
urement reference signal in the TTI corresponding to the
second slot. However, when no SRS is transmitted, the
uplink control channel may be allocated to the last sym-
bol, just as with the short TTI corresponding to the first
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slot.
[0048] The user terminal may control so as not to al-
locate the uplink control channel to the seventh symbol
(#6) of the first slot. Therefore, even when the TTI is con-
stituted of one slot (seven symbols) of the existing sys-
tems, the uplink control channel allocated to different fre-
quency ranges by the frequency hopping has an equal
number of symbols.

<One TTI Constituted of Even Number of Symbols>

[0049] In this embodiment, a short TTI may be consti-
tuted of an even number of symbols of existing systems.
In this case, a user terminal controls allocation of UL sig-
nals and/or UL channels in the short TTI that is consti-
tuted of the even number of symbols of the existing sys-
tems. Since the short TTI is constituted of the even
number of symbols, the UL channel (e.g. uplink control
channel) distributed in a frequency direction by frequency
hopping has an equal number of symbols. The even
number of symbols for constituting the short TTI may be
six, four, or two. Short TTIs that are constituted of different
numbers of symbols may be used in combination.

Short TTI Constituted of Six Symbols

[0050] Figure 6 depict an example of a method for al-
locating an UL signal and/or an UL channel when a short
TTI is constituted of six symbols of existing systems (one
TTI = six symbols). In this case, two short TTIs are con-
figured in one subframe of the existing systems.
[0051] In Figure 6, there are a short TTI corresponding
to six symbols from the second symbol (#1) to the seventh
symbol (#6) of the first slot, and the other short TTI cor-
responding to six slots from the first symbol (#0) to the
sixth symbol (#5) of the second slot.
[0052] A user terminal allocates an UL signal and/or
an UL channel to each short TTI. For example, the user
terminal applies frequency hopping to an uplink control
channel (e.g. PUCCH) to control the allocation in each
short TTI.
[0053] In Figure 6, the uplink control channel can be
allocated to six (even number) symbols in each short TTI.
In this case, the user terminal controls such that the uplink
control channel allocated to different frequency ranges
by the frequency hopping has an equal number of sym-
bols (three symbols, here). Applying the frequency hop-
ping to the allocation of the uplink control channel to the
different frequency ranges in a symmetric manner serves
to simplify the allocation control, and allows obtaining a
frequency diversity effect, even when using the short
TTIs.
[0054] The short TTIs may contain neither the first sym-
bol (symbol #0 of the first slot) nor the last symbol (symbol
#6 of the second slot), or may not contain one of the first
symbol and the last symbol in one subframe of the ex-
isting systems. When the short TTIs do not contain the
last symbol, the user terminal can control the allocation

of the UL signal and/or the UL channel without using the
symbol (last symbol) to which an uplink measurement
reference signal is intended to be allocated, as a symbol
of the short TTI in one subframe of the existing systems.
[0055] This allows preventing collision between the up-
link measurement reference signal and the uplink control
channel allocated to the short TTI. The user terminal can
allocate the uplink control channel using a regular
PUCCH format (not shortened PUCCH format), irrespec-
tive of the presence or absence of the allocation of the
uplink measurement reference signal.
[0056] When the short TTI does not contain the first
symbol, the user terminal can control the allocation of
the UL signal and/or the UL channel without using the
first symbol (symbol #0 of the first slot) as a symbol of
the short TTI. Disusing the first symbol can ease condi-
tions for timing advance control in the user terminal, and
facilitate applying the timing advance control.
[0057] The timing advance control refers to operation
for controlling the transmission timing of the UL signal
from each user terminal so that the reception timings of
the UL signals transmitted from a plurality of user termi-
nals coincide in a radio base station. In other words, a
user terminal that is far from the radio base station is
controlled so as to start transmitting the UL signal earlier
than the other user terminals. In this case, by disusing
the first symbol, as depicted in Figure 6, the user terminal
can easily control the timings of UL transmission (early
start UL transmission), as compared with the case of per-
forming the UL transmission from the first symbol.
[0058] The user terminal can control allocation so as
to multiplex the uplink control channel allocated to the
short TTI with an uplink control channel allocated to an
existing system (normal TTI). In this case, the multiplex-
ing (e.g. frequency division multiplexing and/or code di-
vision multiplexing) is controlled so as to prevent collision
between a resource of the uplink control channel allocat-
ed to the short TTI and a resource of the uplink control
channel of the existing system.
[0059] The user terminal may allocate signals (e.g. a
reference signal, PRACH, and the like) other than UL
data (e.g. PUSCH) and UL control information (e.g.
PUCCH) to the first symbol that is not contained in the
short TTI.

Short TTI Constituted of Four Symbols

[0060] Figure 7 depict an example of a method for al-
locating an UL signal and/or an UL channel when a short
TTI is constituted of four symbols of existing systems
(one TTI = four symbols). In this case, three short TTIs
are configured in one subframe of the existing systems.
[0061] In Figure 7, there are a short TTI corresponding
to four symbols from the second symbol (#1) to the fifth
symbol (#4) of the first slot, another short TTI correspond-
ing to four slots from the sixth symbol (#5) of the first slot
to the second symbol (#1) of the second slot, and the
other short TTI corresponding to four slots from the third
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symbol (#2) of the second slot to the sixth symbol (#5)
of the second slot.
[0062] A user terminal applies frequency hopping to
an uplink control channel (e.g. PUCCH) to control allo-
cation in each short TTI. In Figure 7, the uplink control
channel can be allocated to four (even number) symbols
in each short TTI. Thus, the user terminal controls such
that the uplink control channel allocated to different fre-
quency ranges by the frequency hopping has an equal
number of symbols (two symbols, here). Applying the
frequency hopping to the allocation of the uplink control
channel to the different frequency ranges in a symmetric
manner serves to simplify the allocation control, and al-
lows obtaining a frequency diversity effect, even when
using the short TTIs.
[0063] The short TTIs may contain neither the first sym-
bol (symbol #0 of the first slot) nor the last symbol (symbol
#6 of the second slot), or do not contain one of the first
symbol and the last symbol in one subframe of the ex-
isting systems.
[0064] When the short TTIs do not contain the last sym-
bol, the user terminal can control the allocation of the UL
signal and/or the UL channel without using the symbol
(last symbol) to which an uplink measurement reference
signal is intended to be allocated, as a symbol of the short
TTI in one subframe of the existing systems.
[0065] When the short TTIs do not contain the first sym-
bol, the user terminal can control the allocation of the UL
signal and/or the UL channel without using the first sym-
bol (symbol #0 of the first slot) as a symbol of the short
TTI. Disusing the first symbol can ease conditions for
timing advance control in the user terminal, and facilitate
applying the timing advance control.
[0066] The user terminal can allocate a reference sig-
nal (DM-RS) to be used for demodulation of the uplink
control channel to a region (e.g. next resource element)
next to a region (resource element) to which the uplink
control channel is allocated in a temporal direction and/or
in a frequency direction.
[0067] For example, in Figure 7, the user terminal may
allocate the demodulation reference signal to a symbol
(e.g. symbol #2 of the first slot) next to a symbol (e.g.
symbol #1 of the first slot) to which the uplink control
channel is allocated. In the same manner, when the user
terminal allocates the uplink control channel to the sym-
bol #3 of the first slot, the user terminal may allocate the
demodulation reference signal to the next symbol (e.g.
symbol #4 of the first slot).
[0068] The user terminal may allocate (frequency divi-
sion multiplex) the uplink control channel and the demod-
ulation reference signal to different subcarriers of the
same symbol (e.g. symbol #1 of the first slot). In this case,
the user terminal may allocate the uplink control channel
and the demodulation reference signal to continuous two
symbols (e.g. symbols #1 and #2 of the first slot).

Short TTI Constituted of Two Symbols

[0069] Figure 8 depict an example of a method for al-
locating an UL signal and/or an UL channel when a short
TTI is constituted of two symbols of existing systems (one
TTI = two symbols). In this case, six short TTIs are con-
figured in one subframe of the existing systems. In other
words, it is possible to increase a short delay effect as
compared with Figures 6 and 7.
[0070] In Figure 8, a plurality of short TTIs each of
which is constituted of two symbols are configured in a
region from the second symbol (#1) of the first slot to the
sixth symbol (#5) of the second slot.
[0071] A user terminal applies frequency hopping to
an uplink control channel (e.g. PUCCH) to control allo-
cation in each short TTI. In Figure 8, the uplink control
channel can be allocated to two (even number) symbols
in each short TTI. Thus, the user terminal controls such
that the uplink control channel allocated to different fre-
quency ranges by the frequency hopping has an equal
number of symbols (one symbol, here). Applying the fre-
quency hopping to the allocation of the uplink control
channel to the different frequency ranges in a symmetric
manner serves to simplify the allocation control, and al-
lows obtaining a frequency diversity effect, even when
using the short TTIs.
[0072] The short TTIs may contain neither the first sym-
bol (symbol #0 of the first slot) nor the last symbol (symbol
#6 of the second slot), or may not contain one of the first
symbol and the last symbol in one subframe of the ex-
isting systems.
[0073] The user terminal can allocate a reference sig-
nal (DM-RS) to be used for demodulation of the uplink
control channel to a region (symbol) to which the uplink
control channel is allocated. For example, in Figure 8,
the user terminal can allocate (frequency division multi-
plex) the uplink control channel and the demodulation
reference signal to different subcarriers of the same sym-
bol (e.g. symbol #1 of the first slot).

(Second Aspect)

[0074] A second aspect describes HARQ-ACK
(ACK/NACK) feedback control on DL transmission when
using short TTIs. In the following description, UL trans-
mission short TTIs are each constituted of four symbols
of existing systems (refer to Figure 7), but this embodi-
ment is not limited thereto. This embodiment is applicable
in the same manner to another structure (for example,
the short TTIs may be each constituted of two, six, or
seven symbols). The following describes HARQ-ACK
control when using the short TTIs in FDD, but this em-
bodiment is applicable to TDD as well as FDD.
[0075] Figure 9 depicts an example of HARQ-ACK (DL
HARQ) control on DL transmission. A user terminal feeds
back an ACK/NACK (ACKnowledgement/Negative AC-
Knowledgement) signal in response to a DL transmission
signal by using an UL transmission short TTI after a lapse
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of a certain time period from the reception of the DL sig-
nal.
[0076] For example, the user terminal controls
ACK/NACK feedback using a short TTI contained in a
subframe of existing systems that is a certain time period
later than a subframe (n) including a TTI (e.g. short TTI)
in which a DL signal is received. Thus, the user terminal
controls ACK/NACK feedback timing in units of a sub-
frame of the existing systems. In Figure 9, ACK/NACK
signals in response to DL signals received in short TTIs
contained in a subframe (n) are transmitted in short TTIs
contained in a subframe (n+2) after a certain period (e.g.
2 ms) later.
[0077] The feedback timing of the ACK/NACK signal
by the user terminal is not limited to 2 ms, and the user
terminal may transmit the ACK/NACK signals in short
TTIs contained in a subframe (n+1) after 1 ms (see Figure
10). The user terminal may control the ACK/NACK feed-
back timing in units of a short TTI, instead of in units of
a subframe of the existing systems. In Figure 9, the user
terminal feeds back an ACK/NACK signal in an UL trans-
mission short TTI after six TTIs later than a short TTI in
which a DL signal is received. Note that, the ACK/NACK
feedback timing may be determined based on (in relation
to) the number of short TTIs contained in the existing
subframe and/or the number of symbols constituting the
short TTI.
[0078] When a DL and an UL contain an equal number
of TTIs in one subframe of the existing systems, the user
terminal feeds back ACK/NACK signals in response to
DL signals transmitted in DL transmission short TTIs con-
tained in one subframe, using UL transmission short TTIs
contained in one subframe after a certain time period. In
Figure 9, the user terminal feeds back an ACK/NACK
signal in response to a DL signal transmitted in a DL
transmission short TTI #1 contained in each subframe
using an UL transmission short TTI #1 contained in a
subframe after a certain time period.
[0079] The DL transmission short TTI and the UL trans-
mission short TTI may be constituted of an equal number
of symbols, or different numbers of symbols. When the
DL (e.g. DL data) transmission short TTIs and the UL
(e.g. UL data) transmission short TTIs are temporally
multiplexed, the DL transmission short TTIs and the UL
transmission short TTIs may be configured in one sub-
frame of the existing systems.
[0080] A radio base station controls retransmission of
a DL signal using a short TTI based on an ACK/NACK
signal transmitted from the user terminal. For example,
the radio base station performs the retransmission in a
DL transmission short TTI after a certain time period (e.g.
two subframes or six short TTIs) later than the reception
of the ACK/NACK signal fed back from the user terminal
(see Figure 11).
[0081] The radio base station and/or the user terminal
control/controls the retransmission based on certain
HARQ RTT (round trip time) in transmission and recep-
tion of signals. In Figure 11, the RTT is shortened to 4

ms from 8 ms of the existing systems. The RTT refers to
time between the transmission of a signal or data to a
communication partner and the reception of a reply.
[0082] As described above, using the short TTIs serves
to shorten time required for the retransmission control.
When using the short TTIs, the radio base station and
the user terminal can perform HARQ-ACK control by es-
tablishing a different HARQ process number (HPN) from
the existing systems. The HARQ process number (HARQ
process IDs) refers to the number of HARQ processes
for one transport block (TB).
[0083] In the existing systems, eight HARQ process
IDs are specified at the maximum when applying FDD,
and HARQ processes can be performed in parallel. On
the other hand, when using short TTIs in the FDD, the
HARQ process number (for example, the number of the
short TTIs contained in one subframe x RTT) can be set
at 12.
[0084] When using the short TTIs, the HARQ process
number can be determined based on the short TTIs con-
tained in one subframe of the existing systems and/or
RTT when using the short TTIs. Thus, even when using
the short TTIs, communication can be performed by es-
tablishing an appropriate HARQ process number. When
using TDD, the HARQ process number can be set based
on UL/DL structures.

(Radio Communication System)

[0085] The structure of a radio communication system
according to an embodiment of the present invention will
be described below. The radio communication system
applies radio communication methods according to the
above aspects. The radio communication methods ac-
cording to the above aspects may be applied separately
or in combination.
[0086] Figure 12 is a drawing depicting an example of
the schematic configuration of the radio communication
system according to the embodiment of the present in-
vention. A radio communication system 1 applies Carrier
Aggregation (CA) and/or Dual Connectivity (DC) to ag-
gregate multiple basic frequency blocks (component car-
riers) in units of system bandwidths (e.g. 20 MHz) of LTE
systems. The radio communication system 1 may be also
referred to as SUPER 3G, LTE-Advanced (LTE-A), IMT-
Advanced, 4G, 5G, Future Radio Access (FRA), and the
like.
[0087] As depicted in Figure 12, the radio communica-
tion system 1 includes a radio base station 11 for forming
a macro cell C1, and radio base stations 12a to 12c that
are disposed in the macro cell C1 and form small cells
C2 smaller than the macro cell C1. A user terminal 20 is
disposed in the macro cell C1 and the small cells C2.
[0088] The user terminal 20 can be connected to both
of the radio base station 11 and the radio base stations
12. It is assumed that the user terminal 20 concurrently
uses the macro cell C1 and the small cells C2 using dif-
ferent frequencies by CA or DC. The user terminal 20
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may apply CA or DC using a plurality of cells (CCs) (e.g.
six or more CCs). Short TTIs can be applied to UL trans-
mission and/or DL transmission between the user termi-
nal 20 and the radio base station 11 or between the user
terminal 20 and the radio base stations 12. The user ter-
minal can communicate with the radio base stations us-
ing at least two CCs having different TTI lengths.
[0089] The user terminal 20 can communicate with the
radio base station 11 using a narrow band carrier (re-
ferred to as an existing carrier, a legacy carrier, and the
like) in a relatively low frequency band (for example, 2
GHz). On the other hand, the user terminal 20 may com-
municate with the radio base station 12 using a wide band
carrier in a relatively high frequency band (for example,
3.5 GHz, 5 GHz, or the like), or using the same carrier
as for the radio base station 11. The structure of the fre-
quency band used in each radio base station is not limited
thereto.
[0090] The radio base station 11 and the radio base
station 12 (or the two radio base stations 12) are con-
nected with a wire (e.g. a Common Public Radio Interface
(CPRI)-compliant optical fiber, an X2 interface, or the
like), or connected wirelessly.
[0091] Each of the radio base stations 11 and 12 is
connected to a higher station apparatus 30, and connect-
ed to a core network 40 through the higher station appa-
ratus 30. The higher station apparatus 30 includes, for
example, an access gateway, a radio network controller
(RNC), a mobility management entity (MME), and the
like, but is not limited thereto. Each radio base station 12
may be connected to the higher station apparatus 30
through the radio base station 11.
[0092] The radio base station 11 is a radio base station
having a relatively large coverage, and may be also re-
ferred to as a macro base station, an aggregation node,
an eNodeB (eNB), a transmitting/receiving point, and the
like. The radio base station 12 is a radio base station
having a local coverage, and may be also referred to as
a small base station, a micro base station, a pico base
station, a femto base station, a Home eNodeB (HeNB),
a remote radio head (RRH), a transmitting/receiving
point, and the like. The radio base stations 11 and 12 are
collectively called radio base stations 10 below, when
not distinguishing therebetween.
[0093] Each user terminal 20 is a terminal compliant
to various communication schemes such as LTE and
LTE-A, and may include a stationary communication ter-
minal, as well as a mobile communication terminal.
[0094] In the radio communication system 1, Orthog-
onal Frequency Division Multiple Access (OFDMA) is ap-
plied to a downlink, while Single Carrier Frequency Divi-
sion Multiple Access (SC-FDMA) is applied to an uplink,
as radio access schemes. OFDMA is a multicarrier trans-
mission scheme in which a frequency band is divided
into narrow frequency bands (subcarriers) and commu-
nication is performed by mapping data to each subcarrier.
SC-FDMA is a single carrier transmission scheme in
which a system bandwidth is divided on a terminal-by-

terminal basis into bands each of which is constituted of
one or two or more continuous resource blocks, and ter-
minals use the different bands from each other in order
to reduce interference between the terminals. The uplink
and downlink radio access schemes are not limited to
this combination, and OFDMA may be used in the uplink.
[0095] The radio communication system 1 uses a
physical downlink shared channel (PDSCH), a physical
broadcast channel (PBCH), a downlink L1/L2 control
channel, and the like shared among the user terminals
20, as downlink channels. The PDSCH carries user data,
higher layer control information, system information
blocks (SIBs), and the like. The PBCH carries a master
information block (MIB).
[0096] The downlink L1/L2 control channel includes a
physical downlink control channel (PDCCH), an en-
hanced physical downlink control channel (EPDCCH), a
physical control format indicator channel (PCFICH), a
physical hybrid-ARQ indicator channel (PHICH), and the
like. The PDCCH carries downlink control information
(DCI) including scheduling information on the PDSCH
and the PUSCH, and the like. The PCFICH carries the
number of OFDM symbols used in the PDCCH. The
PHICH carries HARQ delivery confirmation information
(ACK/NACK) associated with the PUSCH. The EPDCCH
is frequency division multiplexed with the physical down-
link shared channel (PDSCH), and used for transmitting
the DCI, just as with the PDCCH.
[0097] The radio communication system 1 uses a
physical uplink shared channel (PUSCH), a physical up-
link control channel (PUCCH), a physical random access
channel (PRACH), and the like shared among user ter-
minals 20, as uplink channels. The PUSCH carries user
data, higher layer control information, and the like. The
PUSCH or the PUCCH carries uplink control information
(UCI) including at least one of delivery confirmation in-
formation (ACK/NACK), channel quality indicator (CQI),
and the like. The PRACH carries a random access pre-
amble to establish connection with cells.

< Radio Base Station>

[0098] Figure 13 is a drawing depicting an example of
the entire configuration of a radio base station according
to the embodiment of the present invention. The radio
base station 10 includes transmitting/receiving antennas
101, amplification sections 102, transmitting/receiving
sections 103, a baseband signal processing section 104,
a call processing section 105, and a communication path
interface 106. The transmitting/receiving section 103 is
constituted of a transmission section and a reception sec-
tion.
[0099] User data to be transmitted from the radio base
station 10 to the user terminal 20 on a downlink is inputted
from the higher station apparatus 30 to the baseband
signal processing section 104 through the communica-
tion path interface 106.
[0100] The baseband signal processing section 104
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applies transmission processing, which includes radio
link control (RLC) layer transmission processing such as
packet data convergence protocol (PDCP) layer
processing, the division and coupling of the user data,
and RLC retransmission control, medium access control
(MAC) retransmission control (e.g. hybrid automatic re-
peat request (HARQ) transmission processing), sched-
uling, a choice of a transmission format, channel encod-
ing, inverse fast Fourier transform (IFFT) processing,
precoding, and the like, to the user data, and transfer the
processed user data to the transmitting/receiving sec-
tions 103. The baseband signal processing section 104
also applies transmission processing including channel
encoding, IFFT processing, and the like to a downlink
control signal, and transfers the processed downlink con-
trol signal to the transmitting/receiving sections 103.
[0101] The transmitting/receiving section 103 converts
the baseband signal, which is pre-coded and outputted
from the baseband signal processing section 104 on an
antenna-by-antenna basis, into a signal in a radio fre-
quency band, and transmits the converted signal. The
radio frequency signal that is frequency-converted by the
transmitting/receiving section 103 is amplified by the am-
plification section 102, and transmitted from the trans-
mitting/receiving antenna 101.
[0102] The transmitting/receiving section (transmis-
sion section) 103 transmits the DL signal to the user ter-
minal using short TTIs each of which is constituted of an
even number of symbols of existing systems. The trans-
mitting/receiving section (reception section) 103 receives
an uplink control signal (e.g. ACK/NACK) in response to
the DL signal on an uplink control channel allocated to
short TTIs. The transmitting/receiving section 103 is con-
stituted of a combination of a transmitter and a receiver,
a transmitting/receiving circuit, or a transmitting/receiv-
ing device that is described based on common knowl-
edge in the technical art of the present invention. The
transmitting/receiving section 103 may be constituted of
an integral transceiver unit, or a transmission unit and a
reception unit.
[0103] As for an uplink signal, on the other hand, a
radio frequency signal received by the transmitting/re-
ceiving antenna 101 is amplified by the amplification sec-
tion 102. The transmitting/receiving section 103 receives
the uplink signal amplified by the amplification section
102. The transmitting/receiving section 103 frequency-
converts the reception signal into a baseband signal, and
outputs the baseband signal to the baseband signal
processing section 104.
[0104] The baseband signal processing section 104
applies fast Fourier transform (FFT) processing, inverse
discrete Fourier transform (IDFT) processing, error cor-
rection decoding, reception processing for MAC retrans-
mission control, and reception processing of a PLC layer
and a PDCP layer to user data included in the inputted
uplink signal. The processed uplink signal is transferred
to the higher station apparatus 30 through the commu-
nication path interface 106. The call processing section

105 performs call processing such as settings and re-
lease of communication channels, state management of
the radio base station 10, and management of radio re-
sources.
[0105] The communication path interface 106 trans-
mits and receives signals to and from the higher station
apparatus 30 through a certain interface. The communi-
cation path interface 106 may transmit and receive (back-
haul signaling) signals to and from other radio base sta-
tion through an interface (e.g. a common public radio
interface (CPRI)-compliant optical fiber or an X2 inter-
face) between the radio base stations.
[0106] Figure 14 is a drawing depicting an example of
the functional configuration of the radio base station ac-
cording to this embodiment. Figure 14 mainly depicts
functional blocks that are features of the embodiment,
and the radio base station 10 has other functional blocks
required for radio communication. As depicted in Figure
14, the baseband signal processing section 104 includes
a control section (scheduler) 301, a transmission signal
generation section (generation section) 302, a mapping
section 303, a reception signal processing section 304,
and a measurement section 305.
[0107] The control section (scheduler) 301 controls
scheduling (e.g. resource allocation) of downlink data
signals to be transmitted on the PDSCH and downlink
control signals to be transmitted on the PDCCH or the
EPDCCH. The control section 301 also controls the
scheduling of system information, synchronization sig-
nals, paging information, cell-specific reference signals
(CRS), channel state information reference signals (CSI-
RS), and the like. The control section 301 also controls
the scheduling of uplink reference signals in the short
TTI, uplink data signals to be transmitted on the PUSCH,
uplink control signals to be transmitted on the PUCCH
and/or the PUSCH, and the like. The control section 301
is constituted of a controller, a control circuit, or a control
device that is described based on common knowledge
in the technical art of the present invention.
[0108] The transmission signal generation section 302
generates DL signals (including downlink data signals
and downlink control signals) based on commands from
the control section 301, and outputs the DL signals to the
mapping section 303. To be more specific, the transmis-
sion signal generation section 302 generates downlink
data signals (PDSCH) including user data and outputs
the downlink data signal to the mapping section 303. The
transmission signal generation section 302 generates
downlink control signals (PDCCH/EPDCCH) including
DCI (a UL grant), and outputs the downlink control signals
to the mapping section 303. The transmission signal gen-
eration section 302 generates downlink reference signals
such as CRS and CSI-RS, and outputs the downlink ref-
erence signals to the mapping section 303. The trans-
mission signal generation section 302 is constituted of a
signal generator, a signal generation circuit, or a signal
generation device that is described based on common
knowledge in the technical art of the present invention.
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[0109] The mapping section 303 maps the DL signals
generated by the transmission signal generation section
302 to certain radio resources based on commands from
the control section 301, and outputs the mapped signals
to the transmitting/receiving sections 103. The mapping
section 303 is constituted of a mapper, a mapping circuit,
or a mapping device that is described based on common
knowledge in the technical art of the present invention.
[0110] The reception signal processing section 304 ap-
plies reception processing (for example, demapping, de-
modulation, decoding, and the like) to UL signals (HARQ-
ACK, PUSCH, and the like) transmitted from the user
terminals 20. Processing results are outputted to the con-
trol section 301. The reception signal processing section
304 is constituted of a signal processor, a signal process-
ing circuit, or a signal processing device that is described
based on common knowledge in the technical art of the
present invention.
[0111] The measurement section 305 performs meas-
urement on the received signals. For example, the meas-
urement section 305 measures reception power (e.g. ref-
erence signal received power (RSRP)), reception quality
(e.g. reference signal received quality (RSRQ)), a chan-
nel state, and the like of the received signal. Measure-
ment results may be outputted to the control section 301.
The measurement section 305 is constituted of a meas-
urement instrument, a measurement circuit, or a meas-
urement device that is described based on common
knowledge in the technical art of the present invention.

<User Terminal>

[0112] Figure 15 is a drawing depicting an example of
the entire configuration of a user terminal according to
the embodiment of the present invention. The user ter-
minal 20 includes a plurality of transmitting/receiving an-
tennas 201, amplification sections 202, and transmit-
ting/receiving sections 203 for MIMO communication, a
baseband signal processing section 204, and an appli-
cation section 205. The transmitting/receiving section
203 may be constituted of a transmission unit and a re-
ception unit.
[0113] Radio frequency signals received by the trans-
mitting/receiving antennas 201 are amplified by the am-
plification sections 202. Each transmitting/receiving sec-
tion 203 receives the downlink signal amplified by the
amplification section 202. The transmitting/receiving sec-
tion 203 frequency-converts the reception signal into a
baseband signal, and outputs the baseband signal to the
baseband signal processing section 204.
[0114] The transmitting/receiving section (transmis-
sion section) 203 can transmit an UL signal using at least
one of a plurality of short TTIs contained in one subframe
of existing systems. The transmitting/receiving section
(reception section) 203 can receive a DL signal using at
least one of the plurality of short TTIs contained in one
subframe of the existing systems. The transmitting/re-
ceiving section 203 is constituted of a combination of a

transmitter and a receiver, a transmitting/receiving cir-
cuit, or a transmitting/receiving device that is described
based on common knowledge in the technical art of the
present invention.
[0115] The baseband signal processing section 204
applies FFT processing, error correction decoding, re-
ception processing for retransmission control, and the
like to the inputted baseband signals. The processed
downlink user data is transferred to the application sec-
tion 205. The application section 205 performs process-
ing related to higher layers than a physical layer and a
MAC layer, and the like. Broadcast information of down-
link data is also transferred to the application section 205.
[0116] On the other hand, uplink user data is inputted
from the application section 205 to the baseband signal
processing section 204. The baseband signal processing
section 204 applies transmission processing for retrans-
mission control (e.g. HARQ transmission processing),
channel coding, precoding, discrete Fourier transform
(DFT) processing, IFFT processing, and the like to the
user data, and transfers the processed user data to each
transmitting/receiving section 203. The transmitting/re-
ceiving section 203 converts the baseband signal out-
putted from the baseband signal processing section 204
into a signal in a radio frequency band, and transmits the
converted signal. The radio frequency signal that is fre-
quency-converted by the transmitting/receiving section
203 is amplified by the amplification section 202, and
transmitted from the transmitting/receiving antenna 201.
[0117] Figure 16 is a drawing depicting an example of
the functional configuration of the user terminal according
to this embodiment. Figure 16 mainly depicts functional
blocks that are features of the embodiment, and the user
terminal 20 has other functional blocks required for radio
communication. As depicted in Figure 16, the baseband
signal processing section 204 of the user terminal 20
includes a control section 401, a transmission signal gen-
eration section 402, a mapping section 403, a reception
signal processing section 404, and a decision (determi-
nation) section 405.
[0118] The control section 401 receives downlink con-
trol signals (signals transmitted on PDCCH/EPDCCH)
and downlink data signals (signals transmitted on PD-
SCH) transmitted from the radio base stations 10 through
the reception signal processing section 404. The control
section 401 controls generation of uplink control signals
(e.g. a delivery confirmation signal (HARQ-ACK) and the
like) and uplink data signals based on the downlink con-
trol signals, determination results of necessity for retrans-
mission control for the downlink data signals, and the
like. To be more specific, the control section 401 controls
the transmission signal generation section 402, the map-
ping section 403, and the reception signal processing
section 404.
[0119] The control section 401 controls the allocation
of uplink control channels in short TTIs each of which is
constituted of an even number of symbols of the existing
systems. In this case, the control section 401 applies
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frequency hopping to each uplink control channel, and
controls such that the uplink control channel allocated to
different frequency ranges by the frequency hopping has
an equal number of symbols (see Figures 6 to 8).
[0120] When the short TTI is constituted of six symbols,
four symbols, or two symbols, the control section 401
controls so as not to allocate the uplink control channel
to the first symbol and/or the last symbol of one subframe
of the existing systems (see Figures 6 to 8). In this case,
the control section 401 allocates uplink measurement ref-
erence signals (e.g. SRS) to the last symbol of one sub-
frame of the existing systems.
[0121] The control section 401 controls the allocation
of demodulation reference signals for uplink control chan-
nels or uplink data channels in each short TTI. For ex-
ample, the control section 401 allocates a reference sig-
nal (DM-RS) used for demodulation of the uplink control
channel to a region next to a region (resource element)
to which the uplink control channel is allocated, in a tem-
poral direction and/or in a frequency direction.
[0122] The control section 401 controls such that de-
livery confirmation signals in response to DL signals re-
ceived in DL transmission short TTIs are fed back in UL
transmission short TTIs after a certain time period in units
of a subframe (see Figures 9 and 10). The number of the
DL transmission short TTIs and the number of the UL
transmission short TTIs contained in one subframe of the
existing systems are set equal. The control section 401
can control the feedback of the delivery confirmation sig-
nals using a different number of HARQ processes from
the existing systems. The control section 401 is consti-
tuted of a controller, a control circuit, or a control device
that is described based on common knowledge in the
technical art of the present invention.
[0123] The transmission signal generation section 402
generates UL signals based on commands from the con-
trol section 401, and outputs the generated signals to the
mapping section 403. For example, the transmission sig-
nal generation section 402 generates uplink control sig-
nals such as a delivery confirmation signal (HARQ-ACK)
and channel state information (CSI), based on com-
mands from the control section 401.
[0124] The transmission signal generation section 402
generates uplink data signals based on commands from
the control section 401. For example, when a downlink
control signal issued from the radio base station 10 in-
cludes an UL grant, the control section 401 commands
the transmission signal generation section 402 to gener-
ate an uplink data signal. The transmission signal gen-
eration section 402 is constituted of a signal generator,
a signal generation circuit, or a signal generation device
that is described based on common knowledge in the
technical art of the present invention.
[0125] The mapping section 403 maps the uplink sig-
nals (uplink control signals and/or uplink data signals)
generated by the transmission signal generation section
402 to radio resources based on commands from the
control section 401, and outputs the mapped signals to

the transmitting/receiving section 203. For example, the
mapping is controlled by applying frequency hopping to
uplink control channels in the short TTIs. The mapping
section 403 is constituted of a mapper, a mapping circuit,
or a mapping device that is described based on common
knowledge in the technical art of the present invention.
[0126] The reception signal processing section 404 ap-
plies reception processing (for example, demapping, de-
modulation, decoding, and the like) to DL signals (for
example, downlink control signals transmitted from the
radio base stations, downlink control signals transmitted
on PDSCH, and the like). The reception signal process-
ing section 404 outputs the information received from the
radio base stations 10 to the control section 401. The
reception signal processing section 404 outputs, for ex-
ample, broadcast information, system information, RRC
signaling, DCI, and the like to the control section 401.
[0127] The reception signal processing section 404 is
constituted of one of a signal processor, a signal process-
ing circuit, and a signal processing device and one of a
measurement instrument, a measurement circuit, and a
measurement device that are described based on com-
mon knowledge in the technical art of the present inven-
tion. The reception signal processing section 404 consti-
tutes a reception unit according to the present invention.
[0128] The decision (determination) section 405 per-
forms retransmission control determination (ACK/NACK)
based on a decoding result of the reception signal
processing section 404, and outputs the determination
result to the control section 401. When downlink signals
(PDSCH) are transmitted from multiple CCs (e.g. six or
more CCs), the determination section 405 performs the
retransmission control determination (ACK/NACK) for
each CC and outputs the determination results to the
control section 401. The determination section 405 is
constituted of a determination circuit or a determination
device that is described based on common knowledge
in the technical art of the present invention.
[0129] The block diagrams used in the above embod-
iments depict functional blocks. The functional blocks (el-
ements) are realized by an arbitrary combination of hard-
ware and software. A method for realizing each functional
block is not specifically limited. In other words, each func-
tional block may be realized by physically integrated one
device, or physically separated two or more devices con-
nected with or without wires.
[0130] For example, a part or all of each function of the
radio base station 10 and the user terminal 20 may be
realized by hardware such as an application specific in-
tegrated circuit (ASIC), a programmable logic device
(PLD), and a field programmable gate array (FPGA).
Each of the radio base station 10 and the user terminal
20 may be realized by a computer device including a
central processing unit (CPU), a communication inter-
face for network connection, a memory, a computer-
readable recording medium for storing programs therein.
In other words, the radio base station, the user terminal,
and the like according to the embodiment of the present
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invention may function as computers that execute a radio
communication method according to the present inven-
tion.
[0131] The processor, the memory, and the like are
connected through a bus for communicating information.
The computer-readable recording medium is a recording
medium such as, for example, a flexible disk, a magneto-
optical disk, a read only memory (ROM), an erasable
programmable ROM (EPROM), a compact disc-ROM
(CD-ROM), a random access memory (RAM), and a hard
disk. The programs may be transmitted from a network
through electric communication lines. Each of the radio
base station 10 and the user terminal 20 may include an
input device such as an input key, and an output device
such as a display.
[0132] The functional configurations of the radio base
station 10 and the user terminal 20 may be realized by
the above hardware, software modules executed by the
processor, or a combination of the both of the hardware
and the software modules. The processor controls the
entire user terminal by executing an operating system.
The processor loads the programs, the software mod-
ules, and data from the recording medium, and executes
various types of processing in accordance with the pro-
grams, the software modules, and the data.
[0133] The programs are not specifically limited as long
as the programs make the computers to execute the op-
erations described in the above embodiments. For ex-
ample, the control section 401 of the user terminal 20
may be realized by a control program executed by the
processor, and other functional blocks may be realized
in the same manner.
[0134] The software, commands, and the like may be
transmitted and received through a transmission medi-
um. For example, when the software is transmitted from
a website, a server, or another remote source using wired
communication technology such as a coaxial cables, an
optical fiber cable, a twisted-pair cable, and a digital sub-
scriber line (DSL) and/or wireless communication tech-
nology such as infrared rays, radio, and microwaves, the
wired and/or wireless communication technology is in-
cluded in the definition of the transmission medium.
[0135] The terms described in this application and/or
the terms required for understanding this application may
be replaced with other terms that refer to the same or
similar meanings. For example, the term "channel"
and/or "symbol" may be replaced with the term "signal
(signaling)". The term "signal" may be replaced with the
term "message". The term "component carrier (CC)" may
be replaced with the term "carrier frequency", "cell", or
the like.
[0136] The information, parameters, and the like de-
scribed in this application may be represented in absolute
values, relative values with respect to a certain value, or
other information corresponding thereto. For example,
the radio resources may be indicated by indexes.
[0137] The information, signals, and the like described
in this application may be represented by using any of

various different techniques. For example, the data, in-
structions, commands, information, signals, bits, sym-
bols, chips, and the like that can be mentioned in the
whole of the above description may be represented by
voltages, currents, electromagnetic waves, magnetic
fields or magnetic particles, optical fields or photons, or
arbitrary combinations thereof.
[0138] The aspects or embodiments described in this
application may be used alone, in combination, or by
switching in accordance with execution. Notification
about certain information (for example, notification about
being X) is not limited to be explicit, and may be implicit
(for example, without the notification about the informa-
tion).
[0139] Notification about information is not limited to
the aspects or embodiments described in this application,
but may be performed in another way. For example, the
notification about information may be performed by phys-
ical layer signaling (e.g. downlink control information
(DCI) and uplink control information (UCI)), higher layer
signaling (e.g. radio resource control (RRC) signaling,
medium access control (MAC) signaling, broadcast in-
formation (master information block (MIB) and system
information blocks (SIBs)), another signal, or a combina-
tion thereof. The RRC signaling may be referred to as a
RRC message, and may be, for example, a RRC Con-
nection Setup message, an RRC Connection Reconfig-
uration message, or the like.
[0140] Each aspect or embodiment described in this
application may be applied to systems using Long Term
Evolution (LTE), LTE-Advanced (LTE-A), SUPER 3G,
IMT-Advanced, 4G, 5G, Future Radio Access (FRA),
CDMA2000, Ultra Mobile Broadband (UMB), IEEE
802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Ul-
tra-WideBand (UWB), Bluetooth (trademark), and other
appropriate systems, and/or next generation systems ex-
tended based thereon.
[0141] The processing procedure, sequence, flow-
chart, and the like of each aspect or embodiment de-
scribed in this application may be permuted as long as
there is no contradiction. For example, as to the method
described in this application, various steps are proposed
in an exemplary order, and are not limited to the specific
proposed order.
[0142] The present invention is described above in de-
tail, but as a matter of course, it is apparent for those
skilled in the art that the present invention is not limited
to the embodiments described in this application. The
present invention can be modified and embodied in other
forms without departing from the intent and scope of the
present invention defined by claims. Therefore, this ap-
plication is intended to exemplarily describe the present
invention, and has no limitation to the present invention.
[0143] This application is based on Japanese Laid-
open Patent Publication No. 2015-173258 filed on Sep-
tember 2, 2015. This application includes all of the con-
tents.
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Claims

1. A user terminal comprising:

a transmission section that performs UL trans-
mission using at least one of a plurality of trans-
mission time intervals (TTIs) contained in one
subframe of an existing system; and
a control section that controls allocation of an
UL signal and/or an UL channel, wherein
the TTI is constituted of an even number of sym-
bols of the existing system, and the control sec-
tion allocates an uplink control channel on the
basis of the TTI.

2. The user terminal according to claim 1, wherein the
control section applies frequency hopping to the up-
link control channel, and controls such that each of
uplink control channels allocated to different fre-
quency ranges by the frequency hopping has an
same number of symbols.

3. The user terminal according to claim 1 or 2, wherein
the TTI is constituted of six symbols, four symbols,
or two symbols, and the control section controls so
as not to allocate the uplink control channel to a first
symbol and/or a last symbol of the one subframe of
the existing system.

4. The user terminal according to claim 3, wherein the
control section allocates a reference signal for uplink
measurement to the last symbol of the one subframe
of the existing system.

5. The user terminal according to any one of claims 1
to 4, wherein the control section allocates a demod-
ulation reference signal on the basis of each TTI.

6. The user terminal according to any one of claims 1
to 5, further comprising:

a reception section that receives a DL signal us-
ing at least one of the plurality of TTIs contained
in the one subframe of the existing system,
wherein
the control section controls such that an ac-
knowledgement/negative acknowledgement
(ACK/NACK) signal in response to the DL signal
received in the DL transmission TTI is fed back
in UL transmission TTI after a certain time period
in units of a subframe.

7. The user terminal according to claim 6, wherein the
number of the DL transmission TTIs contained in the
one subframe of the existing system is the same as
the number of the UL transmission TTIs contained
in the one subframe of the existing system.

8. The user terminal according to claim 6 or 7, wherein
the control section controls the feedback of the
ACK/NACK signal using a different number of HARQ
processes from the existing system.

9. A radio base station for communicating with a user
terminal that performs UL transmission using at least
one of a plurality of transmission time intervals (TTIs)
contained in one subframe of an existing system, the
radio base station comprising:

a transmission section that transmits a DL signal
to the user terminal; and
a reception section that receives an uplink con-
trol signal in response to the DL signal, wherein
the TTI is constituted of an even number of sym-
bols of the existing system, and the reception
section receives the uplink control signal on an
uplink control channel allocated on the basis of
the TTI.

10. A radio communication method of a user terminal for
performing UL transmission using a transmission
time interval (TTI) shorter than 1 ms, the method
comprising:

controlling allocation of an UL signal and/or an
UL channel; and
performing the UL transmission using at least
one of a plurality of the TTIs contained in one
subframe of an existing system, wherein
the TTI is constituted of an even number of sym-
bols of the existing system, and an uplink control
channel is allocated to the even number of sym-
bols.
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