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(57) Disclosed is to properly perform communica-
tions even in an environment enabled to use different TTI
lengths in combination. User equipment in one aspect of
the present invention includes: a control unit that speci-
fies a configuration of a plurality of transmission time in-
tervals (TTI: Transmission Time Interval) contained in
one subframe of an existing system; and a reception unit
that receives downlink control information at a radio re-
source receiving allocation of PDCCH (Physical Down-
link Control Channel) of the existing system or at a first
TTI of the plural TTIs, and receives data at, at least, one
of the plural TTIs on the basis of the downlink control
information.
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Description

[Technical Field]

[0001] The present invention pertains to user equip-
ment, a wireless base station, a wireless communication
method, and a wireless communication system in a next
generation mobile communication system.

[Background Art]

[0002] A Long Term Evolution (LTE) (Non-patent doc-
ument 1) was standardized for the purpose of attaining
a much faster data rate and decreasing a delay in a UMTS
(Universal Mobile Telecommunications System) net-
work. An examination of a succeeding system (called
LTE-A (LTE-Advanced), FRA (Future Radio Access), 5G
(5th generation mobile communication system), or New-
RAT (Radio Access Technology)) is underway in order
to aim at attaining a much broader band and greater ac-
celeration than LTE.
[0003] LTE Rel. 10/11 introduces Carrier Aggregation
(CA) for aggregating a plurality of Component Carriers
(CCs) in order to broaden the band. Each CC is config-
ured so that a system band of LTE Rel.8 is set as one
unitary band. According the CA, the plurality of CCs of
the same wireless base station (eNB (evolved NodeB) )is
set in the User Equipment (UE).
[0004] On the other hand, LTE Re1.12 introduces Dual
Connectivity (DC) schemed so that a plurality of Cell
Groups (CGs) of different wireless base stations are set
in the UE. Each cell group is organized by at least one
cell (CC). The DC is configured to aggregate the plurality
of CCs of the different wireless base stations, and is
therefore also called "Inter-eNB CA".
[0005] According to LTE Rel.8-12 described above,
the TTI (Transmission Time Interval) applied to the DL
transmission the UL transmission between the wireless
base station and the UE is set to 1ms. The transmission
time interval is also called a transfer time interval (TTI),
and the TTI in the LTE system (Rel.8-12) is also called
a subframe length.

[Documents of Prior Art]

[Non-Patent Document]

[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 the Invention]

[Problems to be solved by the Invention]

[0007] The wireless communication system (e.g., 5G)
from LTE Rel.13 onward assumes performing commu-

nications with a relatively small data size as exemplified
by communications at a frequency band as high as sev-
eral tens of GHz, IoT (Internet of Things), MTC (Machine
Type Communication), and M2M (Machine To Machine).
When applying a communication method (with the TTI
(Transmission Time Interval) being, e.g.,1 ms) based on
LTE Rel.8-12 to those future wireless communication
systems, there exists a problem of being unable to pro-
vide sufficient communication services. There are also
increasing demands for D2D (Device To Device) com-
munications and V2V (Vehicular To Vehicular) commu-
nications, which entail low-delay communications.
[0008] An examination of a reduction of communica-
tion delay (latency reduction) is underway in order to pro-
vide sufficient communication services to such future
wireless communication systems. For example, such an
examination is underway as to performing communica-
tions by using a TTI (which may be called, e.g., a short-
ened TTI) configured by reducing a transmission time
interval (TTI: Transmission Time Interval), defined as a
minimum time unit of scheduling, from 1 ms of an existing
LTE system (LTE Rel.8-12).
[0009] However, when introducing the shortened TTI,
a specific signal/channel configuration is not yet exam-
ined, and a problem of how to control communications
when using a conventional TTI and the shortened TTI in
combination (including when used in switchover) exists.
For example, a demand is to establish a communication
control method suited to the shortened TTI when UE (Us-
er Equipment) connects to a plurality of cells using dif-
ferent types of TTIs (having different TTI lengths).
[0010] One object of the present invention, conceived
in view of such points, is to provide user equipment, a
wireless base station, a wireless communication method
and a wireless communication system each capable of
properly performing communications even in an environ-
ment enabled to use different TTI lengths in combination.

[Means for solving the Problems]

[0011] According to one aspect of the present inven-
tion, user equipment includes: a control unit that specifies
a configuration of a plurality of transmission time intervals
(TTI: Transmission Time Interval) contained in one sub-
frame of an existing system; and a reception unit that
receives downlink control information at a radio resource
receiving allocation of PDCCH (Physical Downlink Con-
trol Channel) of the existing system or at a first TTI of the
plural TTIs, and receives data at, at least, one of the plural
TTIs on the basis of the downlink control information.

[Effect of the Invention]

[0012] According to the present invention, the commu-
nications can be properly performed even in the environ-
ment enabled to use the different TTI lengths in combi-
nation.

1 2 
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[Brief Description of the Drawings]

[0013]

[FIG. 1] FIG. 1 is an explanatory diagram of a TTI in
an existing LTE system.
[FIG. 2] FIG. 2 is an explanatory diagram of a normal
TTI and a shortened TTI.
[FIG. 3] FIG. 3A is a diagram illustrating an example
of a first configuration of the shortened TTI; and FIG.
3B is a diagram illustrating an example of a second
configuration of the shortened TTI.
[FIG. 4] FIG. 4A is a diagram illustrating a first setting
example of the shortened TTI; FIG. 4B is a diagram
illustrating a second setting example of the short-
ened TTI; and FIG. 4C is a diagram illustrating a third
setting example of the shortened TTI.
[FIG. 5] FIG. 5A is a diagram illustrating one example
of radio resource mapping of a TTI configuration in
a first embodiment; and FIG. 5B is a diagram illus-
trating another example of the radio resource map-
ping of the TTI configuration in the first embodiment.
[FIG. 6] FIG. 6 is a diagram illustrating one example
of scheduling based on EPDCCH in the first embod-
iment.
[FIG. 7] FIG. 7A is a diagram illustrating part of an
existing TBS table; and 7B is a diagram illustrating
part of a TBS table according to a method 1 in a
second embodiment.
[FIG. 8] FIG. 8 is a view schematically illustrating an
architecture of a wireless communication system ac-
cording to one embodiment of the present invention.
[FIG. 9] FIG. 9 is a diagram illustrating one example
of a whole configuration of a wireless base station
according to one embodiment.
[FIG. 10] FIG. 10 is a diagram illustrating one exam-
ple of a configuration of functions of the wireless base
station according to one embodiment.
[FIG. 11] FIG. 11 is a diagram illustrating one exam-
ple of a whole configuration of a user equipment ac-
cording to one embodiment.
[FIG. 12] FIG. 12 is a diagram illustrating one exam-
ple of a configuration of functions of the user equip-
ment according to one embodiment.

[Mode for Carrying out the Invention]

[0014] FIG. 1 is an explanatory diagram of a TTI (Time
Transmission Interval) in an existing LTE system. As il-
lustrated in FIG. 1, the TTI (which may be called, e.g., a
normal TTI) in LTE Rel.8-12 has a time length "1 ms". A
normal TTI is also called a subframe and is configured
to include two time slots. The normal TTI is called a sub-
frame and configured to include two time slots of 0.5 ms.
The normal TTI is defined as a transmission time unit of
a 1 channel-coded data/packet (transport block) and also
a processing unitary parameter for Scheduling, Link Ad-
aptation and other equivalent communication schemes.

[0015] FIG. 1 illustrates a subframe configuration of a
normal cyclic prefix (CP). For example, in the case of
downlink (DL) using the normal CP, the normal TTI is
configured to include 14 OFDM (Orthogonal Frequency
Division Multiplexing) symbols (7 OFDM symbols per
slot). Each OFDM symbol has a time length (symbol
length) of 66.7 ms and is attached with the normal CP of
4.76 ms. The symbol length and a subcarrier spacing are
mutually in a multiplicative inverse relationship, and
hence the subcarrier spacing is 15 kHz when the symbol
length is 66.7 ms.
[0016] In the case of an uplink (UL) using the normal
cyclic prefix (CP), the normal TTI is configured to include
14 SC-FDMA (Single Carrier Frequency Division Multiple
Access) symbols (7 SC-FDMA symbols per slot). Each
SC-FDMA symbol has a time length (symbol length) of
66.7 ms, and is attached with the normal CP of 4.76 ms.
The symbol length and the subcarrier spacing are mutu-
ally in the multiplicative inverse relationship, and there-
fore the subcarrier spacing is 15 kHz when the symbol
length is 66.7 ms.
[0017] Note that the normal TTI may also be configured
to include the 12 OFDM symbols (or 12 SC-FDMA sym-
bols) in the case of an extended CP. In this case, each
OFDM symbol (or each SC-FDMA symbol) has a time
length of 66.7 ms, and is attached with the extended CP
of 16.67 ms.
[0018] By the way, interfaces desired in a future wire-
less communication system instanced by 5G and LTE
Rel.13 onward are wireless interfaces suited to a fre-
quency band as high as several tens of GHz and wireless
interfaces configured to minimize delays in IoT, MTC,
M2M, D2D and V2V.
[0019] It is therefore considered in the future commu-
nication system that the communications are performed
by making use of a TTI with the normal TTI being made
shorter (shortened) than 1 ms (which may be called, e.g.,
a shortened TTI) . The shortened TTI will be described
with reference to FIG. 2. FIG. 2 is an explanatory diagram
of the normal TTI and the shortened TTI. FIG. 2 illustrates
a cell (CC#1) using the normal TTI (1 ms), and a cell
(CC#2) employing the shortened TTI. When using the
shortened TTI, a subcarrier spacing may be changed
(e.g., expanded) from the subcarrier of the normal TTI.
[0020] When using the TTI shorter in time length than
the normal TTI (shortened TTI), there increases a time-
wise margin against processing (e.g., coding, decoding
and other equivalent processing) in user equipment (UE)
and a wireless base station, thereby enabling a process-
ing delay to be decreased. When using the shortened
TTI, it is feasible to increase a number of the user equip-
ments receivable per unit time (e.g., 1 ms). The following
is a description of a configuration and other equivalent
items of the shortened TTI.

(Example of Configuration of Shortened TTI)

[0021] An example of a configuration of the shortened
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TTI will be described with reference to FIG. 3. FIG. 3 is
a diagram illustrating one example of the configuration
of the shortened TTI. As depicted in FIGS. 3A and 3B,
the shortened TTI has a time length (TTI length) shorter
than 1 ms. The shortened TTI may have such a TTI length
that a multiple of, e.g., 0.5 ms, 0.25 ms, 0.2 ms and 0.1
ms becomes 1 ms. The shortened TTI can be thereby
introduced while keeping a compatibility with the normal
TTI, i.e., 1 ms. Alternatively, the shortened TTI can be
also configured on a symbol-by-symbol basis (e.g., 1/14
ms).
[0022] Note that an instance of the normal CP will be
described by way of one example in FIGS. 3A and 3B,
but the embodiment is not limited to this instance. It may
be sufficient that the shortened TTI has a time length
shorter than the normal TTI, and all types of configura-
tions of a symbol count, a symbol length and a CP length
within the shortened TTI may be taken. The following
discussion will describe an example in which the OFDM
symbol is used in the DL, while the SC-FDMA symbol is
used in the UL, but the embodiment is not limited to this
example.
[0023] FIG. 3A is the diagram illustrating a first config-
uration example of the shortened TTI. As illustrated in
FIG. 3A, the first configuration example is that the short-
ened TTI is configured to include the same 14 OFDM
symbols (or SC-FDMA symbols) as those of the normal
TTI, and each OFDM symbol (each SC-FDMA symbol)
has the symbol length shorter than the symbol length of
the normal TTI (=66.7 ms).
[0024] As depicted in FIG. 3A, a signal configuration
of a physical layer of the normal TTI can be diverted to
when shortening the symbol length while keeping the
symbol count of the normal TTI. When shortening the
symbol length by keeping the symbol count of the normal
TTI, the subcarrier spacing augments, and hence an in-
formation content (bit quantity) contained in the short-
ened TTI can be shortened to a greater degree than the
normal TTI.
[0025] FIG. 3B is a diagram illustrating a second con-
figuration example of the shortened TTI. As depicted in
FIG. 3B, the second configuration example is that the
shortened TTI is configured to include a lesser number
of OFDM symbols (or SC-FDMA symbols) than those of
the normal TTI, and each OFDM symbol (each SC-FDMA
symbol) has the same symbol length (=66.7 ms) as that
of the normal TTI. For example, in FIG. 3B, the shortened
TTI is configured to include 7 OFDM symbols (SC-FDMA
symbols), which is half of the symbols of the normal TTI.
[0026] As illustrated in FIG. 3B, when reducing the
symbol count while maintaining the symbol length, the
information content (bit quantity) contained in the short-
ened TTI can be shortened to a degree greater than the
normal TTI. The user equipment is thereby able to exe-
cute a process (instanced by demodulating, decoding
and sounding (quality testing)) of receiving a signal con-
tained in the shortened TTI in a shorter length of time
than the normal TTI, and to shorten the processing delay.

The signal of the shortened TTI illustrated in FIG. 3B and
a signal of the normal TTI can be multiplexed (e.g., OFDM
multiplexing) by the same CC (Component Carrier),
whereby the compatibility with the normal TTI can be
maintained.

(Setting Example of Shortened TTI)

[0027] A setting example of the shortened TTI will be
described. When applying the shortened TTI, such a con-
figuration is also available that both of the normal TTI
and the shortened TTI are set in the user equipment in
order to have compatibility with LTE Rel.8-12. FIG. 4 is
a diagram illustrating one example of setting the normal
TTI and the shortened TTI. Note that FIG. 4 simply illus-
trates merely an exemplification, and the embodiment is
not limited thereto.
[0028] FIG. 4A is a diagram illustrating a first setting
example. As depicted in FIG. 4A, the normal TTIs and
the shortened TTIs may coexist timewise within the same
component carrier (CC) (frequency domain). Specifical-
ly, the shortened TTI may be set in a specified subframe
(or a specified radio frame) of the same CC. For example,
with the same CC in FIG. 3A, the shortened TTI is set in
5 consecutive subframes, and the normal TTIs are set in
other subframes. Note that the number and positions of
the subframes in which to set the shortened TTI are not
limited to those illustrated in FIG. 3A. For example, the
shortened TTI may be a subframe that enables setting
of MBSFN (Multicast Broadcast Single Frequency Net-
work) subframe, and may also be a subframe containing
(or not containing) broadcast information (e.g., MIB (Mas-
ter Information Block)) and a specified signal instanced
by a synchronization signal.
[0029] In FIG. 4A, within the same CC, the shortened
TTIs are set in 5 consecutive subframes (corresponding
to 5 normal TTIs), and the normal TTIs are set in other
subframes. Note that the number and positions of the
subframes in which to set the shortened TTIs are not
limited to those illustrated in FIG. 4A.
[0030] FIG. 4B is a diagram illustrating a second setting
example of the shortened TTI. As depicted in FIG. 4B,
carrier aggregation (CA) or dual connectivity (DC) may
also be implemented by integrating the CCs of the normal
TTIs and the CC of the shortened TTI. Specifically, the
shortened TTI may be set in a specified CC (more spe-
cifically in the DL and/or the UL of the specified CC).
[0031] In FIG. 4B, the shortened TTI is set in the DL
of the specified CC, while the normal TTIs are set in the
DL and the UL of other CCs. Note that the number and
the positions of the CCs in which to set the shortened
TTIs are not limited to those illustrated in FIG. 4B.
[0032] The CA allows the shortened TTI to be set in
the specified CC (a primary (P) cell and/or secondary (S)
cell) of the same wireless base station. By contrast, the
DC allows the shortened TTI to be set in the specified
CC (P cell and/or S cell) within a master cell group (MCG)
configured by a first wireless base station and also in a
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specified CC (primary secondary (PS) cell and/or S cell)
within a secondary group (SCG) configured by a second
wireless base station.
[0033] FIG. 4C is a diagram illustrating a third setting
example of the shortened TTI. As depicted in FIG. 4C,
the shortened TTI may be set in any one of the DL and
the UL. For example, FIG. 4C illustrates an example
wherein the normal TTI is set in the UL, while the short-
ened TTI is set in the DL in a TDD (Time Division Duplex)
system.
[0034] Specified channels and signals of the DL or the
UL may be allocated (set) to the shortened TTIs. For
example, an available configuration is that an uplink con-
trol channel (PUCCH: Physical Uplink Control Channel)
is allocated to the normal TTIs, while an uplink shared
channel (PUSCH: Physical Uplink Shared Channel) is
allocated to the shortened TTIs.
[0035] A multi access method different from the OFDM
(or the SC-FDMA) classified as the multi access method
based on LTE Rel.8-12 may also be assigned (set) to
the shortened TTIs.
[0036] As described above, it is assumed that the fu-
ture wireless communications are performed by applying
the shortened TTI, into which the transmission time in-
terval (TTI) is shortened from the normal TTI, to the UL
transmission and/or the DL transmission. The present
inventors focused on such a point that a transition stage
to, e.g., a future wireless communication system has a
high possibility of using, as illustrated in FIG. 4, the short-
ened TTIs and the TTIs (the normal TTIs) of the existing
system in combination.
[0037] Such being the case, the present inventors con-
ceived an idea that the communications are performed
by employing a radio resource configuration having a
high affinity with a downlink radio resource configuration
of the existing LTE system even when using the short-
ened TTIs. To be specific, the present inventors found
that the plurality of TTIs are specified by dividing one
subframe of the existing system, and a signal configura-
tion (a mapping pattern of the radio resource) assigned
to the existing system is adopted to the greatest possible
degree. The present inventors reached one aspect of the
present invention by examining contents of control infor-
mation (scheduling information) and mapping of control
signals, which are suited to a case of using the plurality
of TTIs.
[0038] According to one aspect of the present inven-
tion, e.g., one cell (eNB) controls the communications of
the plurality of TTIs, thereby enabling synchronization
between the shortened TTIs and the normal TTIs and a
sufficient exhibition of an effect in a decreased delay due
to the shortened TTIs.
[0039] An in-depth description of an embodiment of
the present invention will hereinafter be made with ref-
erence to the accompanying drawings. In the following
discussion, a transmission unitary parameter of the time
length shorter than the normal TTI (1 ms) is called the
shortened TTI, but the embodiment is not limited to this

nomenclature. The following discussion will exemplify
the LTE system, and the present invention may be ap-
plied to other types of systems.
[0040] Note that a region (indicated by symbol num-
bers 0-2 of the first slot in one subframe of the existing
system), to which a downlink control channel (e.g., PD-
CCH (Physical Downlink Control Channel)) is allocated,
does not configure the TTI and/or is not contained in the
TTI length in the following discussion, but the embodi-
ment is not limited to this scheme. For example, in the
following discussion, the first TTI in one subframe of the
existing system may configure one TTI inclusively of the
downlink control channel region. A symbol containing a
specified signal (e.g., a cell specific reference signal
(CRS (Cell-specific Reference Signal), a synchronization
signal (e.g., PSS (Primary Synchronization Signal)/SSS
(Secondary Synchronization Signal))) may not configure
the TTI and/or may not be contained in the TTI length.
[0041] The following discussion will describe an exam-
ple wherein the normal CP is inserted in the normal TTIs,
and the present invention can, however, be applied to
even an extended CP, with reference to the present spec-
ification. Note that wireless communication methods ac-
cording to respective embodiments may be applied solely
and may also be applied in combination.

(Wireless Communication Method)

<First Embodiment>

[0042] A first embodiment of the present invention per-
tains to the downlink control channel.
[0043] To start with, radio source mapping of the short-
ened TTIs according to the present invention will be de-
scribed. According to one aspect of the present invention,
the plurality of TTIs are specified by dividing one sub-
frame of the existing system. For example, the resource
mapping configurations (TTI configurations) given below
may be used:

(1) the plurality of TTIs are configured to include a
first TTI configured by 6 symbol lengths starting from
a symbol number 3 of the first slot in one subframe
of the existing system, and a second TTI configured
by 5 symbol lengths starting from a symbol immedi-
ately after the first TTI;
(2) the plurality of TTIs are configured by 1 or 2 sym-
bol lengths in a way that uses the symbols excluding
the symbol numbers 0-2 of the first slot in one sub-
frame of the existing system;
(3) the plurality of TTIs are configured to include the
first TTI configured by 4 symbol lengths starting from
a symbol number 2 of the first slot in one subframe
of the existing system, the second TTI configured by
4 symbol lengths starting from the symbol immedi-
ately after the first TTI, and a third TTI configured by
4 symbol lengths starting from a symbol immediately
after the second TTI; and
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(4) the plurality of TTIs are configured to include the
first TTI configured by 4 symbol lengths starting from
a symbol number 3 of the first slot in one subframe
of the existing system, the second TTI configured by
3 symbol lengths starting from the symbol immedi-
ately after the first TTI, and the third TTI configured
by 4 symbol lengths starting from the symbol imme-
diately after the second TTI.

[0044] Note that the respective embodiments of the
present invention may be applied, without being limited
to these configurations, to any configurations in which
the plurality of TTIs are specified by dividing one sub-
frame of the existing system.
[0045] FIG. 5 is a diagram illustrating one example of
the radio resource mapping of the TTI configuration in
the first embodiment. FIG. 5 depicts symbols (14 sym-
bols) corresponding to one subframe of the existing sys-
tem with respect to such a band (3 resource blocks (PRB:
Physical Resource Block)) wherein the shortened TTIs
are set in a predetermined UE (User Equipment). The
TTI configuration in FIG. 5 corresponds to the foregoing
configuration (4).
[0046] Note that unillustrated frequency resources
may be used for setting the shortened TTIs for other UEs
and may also be used in the normal TTIs. FIG. 6, which
will be given later on, also illustrates the radio resource
mapping in a region defined by the same 3 PRX x 14
symbols as those in FIG. 5. The resource mapping ac-
cording to the present invention is not, however, limited
to these examples.
[0047] A flow till the shortened TTIs are set in the UE
is given, e.g., as follows. First, the UE transmits, to the
eNB, UE capability information (UE Capability) repre-
senting that the UE is communication-enabled at the
shortened TTI and/or the UE capability information rep-
resenting that the UE has a delay decreasing function.
The eNB receiving the UE capability information notifies
the UE of information on the shortened TTI configuration
(e.g., a start symbol, a symbol count, a PRB count and
other equivalent items of the shortened TTI) on the basis
of higher-layer signaling (e.g., RRC (Radio Resource
Control) signaling) and downlink control information or a
combination thereof. The UE specifies the TTI configu-
ration on the basis of the notified information, and deter-
mines a radio resource by which the communication is
to be performed at the shortened TTIs based on the TTI
configuration, thereby controlling a transmission process
and/or a reception process.
[0048] Specifying the TTI configuration (a shortened
TTI configuration) encompasses specifying, e.g., time re-
sources (a time length and other equivalent elements)
and frequency resources (PRB and other equivalent el-
ements) of the respective shortened TTIs, and specifying
a signal configuration of the signal transmitted at each
shortened TTI. Note that this flow may also be used in
the same way in other embodiments.
[0049] The UE may receive scheduling information

(e.g., a DL grant and a UL grant) of data transmitted
and/or received at, at least, one of the plural TTIs via the
same PDCCH as that of the existing system, and may
also receive the scheduling information at any one (e.g.,
a first TTI) of the TTIs via an EPDCCH (Enhanced Phys-
ical Downlink Control Channel). The UE may further re-
ceive the data at, at least, one of the plural TTIs via a
downlink shared channel (PDSCH: Physical Downlink
Shared Channel) on the basis of the received DL grant.
The UE may still further receive the data at, at least, one
of the plural TTIs via an uplink shared channel (PUSCH:
Physical Uplink Shared Channel) on the basis of the re-
ceived UL grant.
[0050] The first embodiment uses, as illustrated in FIG.
5A, the resource mapping of the same PDCCH region
and CRS as those of the existing system. In this case,
the resource mapping is done so that the UE receives
the CRS at each TTI. This CRS is generated preferably
from the same line as that of the CRS of the existing
system, and may also be generated from a different line.
The same is applied to the CRS described later in FIG. 6.
[0051] A demodulation reference signal (DMRS: De-
modulation Reference Signal) is mapped for demodulat-
ing the data in, e.g., transmission mode (TM: Transmis-
sion Mode) 9 or 10 on the UE. The first embodiment may
use, as illustrated in FIG. 5B, the resource mapping of
the DMRS, of which at least part is the same as that of
the existing system. In the example of FIG. 5B, the re-
source mapping of the same DMRS as that of the existing
system is used at, at least, two (the first and third TTIs)
of the plural TTIs. The UE is thereby enabled to execute
the reception process by applying rate matching similar
to the matching of the existing system at part of TTIs.
[0052] This DMRS is generated preferably from the
same line as that of the DMRS of the existing system,
and may also be generated from a different line. The
same is applied to the DMRS described later in FIG. 6.
Note that the DMRS may not be mapped depending on,
e.g., a transmission mode.
[0053] The radio resource mapping of the shortened
TTIs according to the present invention discussed so far
enables the UE to execute the reception signal and
sounding (quality testing) by employing part of the control
signals and the reference signals of the existing system,
whereby the shortened TTIs can be attained. The CRS
is configured to be contained in each TTI, whereby chan-
nel estimation can be conducted at each TTI.
[0054] More specific contents of the scheduling infor-
mation will hereinafter be described. When giving notifi-
cation of the scheduling information via the existing PD-
CCH, the UE receives an explicit setting (the UE is ex-
plicitly notified) of information (which may be called TTI
specifying information and a TTI index) for specifying the
TTIs corresponding to a number (a division count) of the
shortened TTIs selectable as scheduling target TTIs. To
be specific, the downlink control information (e.g., DCI
(Downlink Control Information)) containing the TTI spec-
ifying information is notified via the PDCCH.
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[0055] The UE can determine the TTIs to be scheduled
(scheduled TTIs) on the basis of the TTI specifying infor-
mation. For example, in the example of FIG. 5, a short-
ened TTI count within one subframe is "3", and hence
the individual TTIs can be scheduled in a way that causes
the DCI (DL grant) to contain 2-bit TTI specifying infor-
mation.
[0056] Alternatively, when there is a field that can be
shared (can be set in common) among the plural TTIs,
Joint DCI (the DCI sharing a predetermined field of re-
source allocation information and other equivalent infor-
mation with the TTIs) may also be used. In the example
of FIG. 5, the shortened TTI count within one subframe
is "3", and therefore the plurality of TTIs can be batchwise
scheduled by causing the DCI (DL grant) to contain 3-bit
TTI (bitmap) specifying information. For example, in the
TTI specifying information, the UE may determine that
the TTI corresponding to "1" is allocatable, while the TTI
corresponding to "0" is non-allocatable.
[0057] Also, when giving the notification of the sched-
uling information via the EPDCCH at the first shortened
TTI within one subframe of the existing system, it is fea-
sible to use the same TTI specifying information as in the
above-mentioned case of the PDCCH. In the case of FIG.
5, the scheduling for the second and/or the third TTI
counted from the first TTI may be called "cross TTI sched-
uling".
[0058] However, when transmitted via the EPDCCH at
the shortened TTI, the time resource is less than the nor-
mal TTI, and hence such a necessity arises as to ensure
the resources (a frequency band, a bandwidth) in a fre-
quency direction. Therefore, such a scheme may be tak-
en as to set (configure) the radio resources more than
(expanded from) the existing EPDCCH resources. For
example, the frequency resources of the existing EPD-
CCH involve using 2, 4 or 8 PRBs (Physical Resource
Blocks), and there may be, however, taken a scheme of
setting the resources (e.g., 6, 12 or 24 PRBs) obtained
by multiplying these resources (2, 4 or 8 PRBs) by a given
number (e.g., the division count ("3" in the case of FIG.
5) and a value obtained by dividing a maximum symbol
count of the existing EPDCCH by a given shortened TTI
symbol count). In other words, the eNB and/or the UE
may be used by changing the wording to increase an
existing radio resource quantity with respect to allocation
of the EPDCCH to the UE with the shortened TTIs being
set.
[0059] FIG. 6 is a diagram illustrating one example of
the scheduling based on the EPDCCH in the first em-
bodiment. The TTI configuration in FIG. 6 corresponds
to the foregoing configuration (4) in the same way as in
FIG. 5. FIG. 6 illustrates an example of allocating the
scheduling information to the first TTI by using an EPD-
CCH resource set by the higher-layer signaling (e.g.,
RRC signaling).
[0060] There is a high possibility that it becomes diffi-
cult to frequency-multiplex the downlink shared channel
(PDSCH: Physical Downlink Shared Channel) at the

shortened TTIs with the EPDCCH being allocated.
Hence, when notifying the EPDCCH at the first TTI to the
UE with the shortened TTIs being set, it is preferable to
allocate all the resources set in the UE concerned to the
EPDCCH at the first TTI. In this case, it may be sufficient
that the TTI specifying information is defined to enable
the TTIs exclusive of the first TTI to be specified, and is
used for specifying the TTIs, a number of which is given
by subtracting "1" from the division count (= Division
Count - 1). Note that the allocation may be conducted so
that the EPDCCH and the PDSCH are (can be) frequen-
cy-multiplexed at the first TTI as illustrated in FIG. 6.
[0061] Note that the UE can be notified of the specifying
information in part or whole of the given field of the DCI
(Downlink Control Information). For example, the speci-
fying information concerned may be informed by using a
new bit field not defined in a conventional LTE/LTE-A
system, and may also be informed by changing the word-
ing of an existing DCI bit field. The existing bit field is
exemplified by a resource allocation (RA: Resource Al-
location) field, an MCS (Modulation and Coding Scheme)
field and an HPN (HARQ Process Number) field, and any
of these fields or a combination thereof may be employed.
Note that other fields instanced by CIF (Carrier Indicator
Field) may be used by changing the wording.
[0062] For example, the shortened TTI has a small
number of usable resources, and it is therefore consid-
ered that part of the MCSs (e.g., relatively high Modula-
tion and Coding Schemes) in the existing system are not
selected. Part or all of the MCS field of the existing system
can be therefore used as the specifying information.
[0063] Note that the UE may be notified of information
about which field of the DCI indicates the TTI specifying
information by the higher-layer signaling (e.g., RRC sig-
naling, broadcast information) and other equivalent sig-
naling methods.
[0064] Note that a TTI count (a number of TTIs) within
the subframe may be different per subframe (e.g., per
type of the subframe) of the existing system. For instance,
the MBSFN subframe may be configured to include 12
TTIs, while a non-MBSFN subframe may be configured
to include the shortened TTIs equivalent to 8 TTIs. The
TTI count may similarly be variable based on the sub-
frame in other embodiments.
[0065] The use of the shortened TTI may involve in-
creasing or decreasing an HARQ buffer count "8" (or a
maximum HARQ buffer count "16" in TDD (Time Division
Duplex)) in normal FDD (Frequency Division Duplex).
For example, when assuming an example of using the
shortened TTI in the FDD, the HARQ buffer count may
be given by multiplying the division count by RTT (Round
Trip Time) (HARQ Buffer Count = Division Count x RTT).
In the example of FIG. 5, if "3" is the division count and,
e.g., 4 ms is the RTT, the HARQ buffer count is calculated
at "12".
[0066] Other control signals (e.g., PHICH (Physical
Hybrid-ARQ Indicator Channel)) may be controlled by
being associated with the TTI specifying information (TTI
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index). For example, an offset may be given to a prede-
termined signal resource (the frequency resource and/or
the time resource), based on the TTI index.
[0067] As discussed above, the first embodiment en-
ables the scheduling to be performed even when using
the shortened TTIs by dividing one subframe into a plu-
rality of TTIs and notifying the UE of the information spec-
ifying the TTIs to be scheduled via the physical downlink
control channel (PDCCH/EPDCCH). The UE can exe-
cute the reception process and the sounding by using
part of the control signals and the reference signals of
the existing system, whereby the shortened TTIs can be
attained.

<Second Embodiment>

[0068] A second embodiment of the present invention
pertains to a decoding method of the physical downlink
shared channel (PDSCH) for the transmission at the
shortened TTI.
[0069] As described in the first embodiment, the UE
receives the PDSCH at the shortened TTI on the basis
of the received downlink control information (e.g., the
DCI). The discussion will start with an existing decoding
method of the PDSCH.
[0070] The UE acquires the MCS (Modulation and
Coding Scheme) from the received DCI, and further ac-
quires a TBS (Transport Block Size) associated with a
TBS index corresponding to the MCS index and with a
PRB count allocated to the PDSCH from a TBS table
containing the TBS index, the PRB count and the TBS
that are associated with each other. The UE decodes the
PDSCH, based on the acquired TBS.
[0071] The present inventors focused on a point that
the existing TBS table can support the PRB count allo-
catable to the PDSCH at the normal TTIs, but the TBS
is not suitable for the shortened TTIs. Consequently, a
direct use of the existing decoding method of the PDSCH
prevents the PDSCH from being properly decoded.
[0072] Such being the case, the present inventors con-
ceived an idea of performing the decoding that takes into
account receiving the data at the shortened TTI when
the UE receives the data at the shortened TTI. To be
specific, the present inventors discovered the following
two methods, i.e., a method (1) of using a table (by chang-
ing the wording) different from the existing TBS table,
and a method (2) of making the direct use of the existing
TBS table but changing an interpretation of the PRB
count of the PRBs allocated to the PDSCH.
[0073] A description of the method (1) will be made.
FIG. 7 is a diagram illustrating one examples of the ex-
isting TBS table and the TBS table according to the meth-
od (1) of the second embodiment. Note that FIG. 7 depicts
only entries of values "91 - 100" of PRB count (NPRB),
but the same definition of the TBS (Transport Block Size)
is, however, also applied to values "1 - 90" of PRB count
(NPRB). Note that the PRB count (NPRB) is not limited to
the values "1 - 100". FIG. 7 also illustrates only "25" and

"26" as TBS indexes (ITBS), but the definition of the TBS
per PRB count is, however, also applied to other TBS
indexes (e.g., 1- 24, 28 - 33).
[0074] FIG. 7A is a diagram illustrating part of the ex-
isting TBS table, and FIG. 7B is a diagram illustrating
part of the TBS table according to the method (1) of the
second embodiment. The TBS indicated in the TBS table
depicted in FIG. 7A is equivalent to the TBS correspond-
ing to the PDSCH allocatable in one subframe of the ex-
isting system. With the same value being used for the
shortened TTI, it therefore follows that the UE performs
decoding on the assumption of excessive resources not
actually allocated.
[0075] The method (1) involves using a table in which
each TBS in the existing TBS table is replaced with the
TBS having a much lower value. For example, FIG. 7B
illustrates the table in which values of the respective TB-
Ss in FIG. 7A are replaced with values as small as about
one third. The values after being replaced are preferably
the TBSs contained in the existing TBS table, but the
embodiment is not limited to this scheme. Only part of
the TBSs of the TBS table in FIG. 7A may also be re-
placed.
[0076] For example, in the TTI configurations (3) and
(4) according to the first embodiment, a coding rate is
calculated by using the TBS table in FIG. 7B, and the
PDSCH in the shortened TTI may also be decoded.
[0077] Note that the TBS table for the shortened TTI
as in FIG. 7B may be previously stored (set) in the UE,
and may also be notified to the UE from the eNB by the
higher-layer signaling (e.g., the RRC signaling, the
broadcast information). The TBSs may further be con-
verted from the existing TBS table by a predetermined
calculation formula.
[0078] The use of the TBS table for the shortened TTI
in the shortened TTI may be indicated by the higher-layer
signaling. For example, indication information (which
may be notated by, e.g., altTBS) indicating the use of the
TBS table (as in, e.g., FIG. 7B) for the shortened TTI
separately from the existing TBS table (as in, e.g., FIG.
7A) may be contained in the higher-layer control infor-
mation (e.g., PDSCH-Config).
[0079] When the indication information (e.g., altTBS)
is contained in the higher-layer control information (e.g.,
PDSCH-Config), the UE may acquire (apply) the TBSs
for calculating the coding rate of the shortened TTI by
employing the TBS table different from the existing TBS
table, whereas when the indication information (e.g., alt-
TBS) is not contained in the higher-layer control informa-
tion (e.g., PDSCH-Config), the UE may acquire the TBSs
from the existing TBS table.
[0080] In the method (2), the UE acquires the TBSs
associated with the TBS indexes and the values given
by multiplying the PRB count by a predetermined coeffi-
cient from the TBS table. For example, the UE may cal-
culate a value (i.e., the PRB count (NPRB) for referring to
the TBS table) by multiplying a PRB count (N’PRB) allo-
cated to the PDSCH by a predetermined coefficient α in
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the following equation (1).

[0081] For instance, in the TTI configurations (3) and
(4) according to the first embodiment, the UE calculates
the PRB count (NPRB) for referring to the TBS table from
the PRB count (N’PRB) allocated to the PDSCH when α
= 0.33, and further calculates the coding rate by use of
the TBS table in FIG. 7A, and may thus decode the PD-
SCH in the shortened TTI.
[0082] Note that the coefficient α may be stored be-
forehand (set) in the UE, and may also be notified to the
UE from the eNB by the higher-layer signaling (e.g., the
RRC signaling, the broadcast information). Correction of
the PRB count in the shortened TTI is not limited to the
equation 1, but may involve using a value given by divid-
ing the PRB count allocated to the PDSCH by a prede-
termined coefficient.
[0083] For example, the higher-layer control informa-
tion (e.g., PDSCH-Config) may contain the predeter-
mined coefficient (which may be called, e.g., nPRB-Co-
eff) for the UE with the shortened TTI being set.
[0084] The UE may acquire the TBSs from the existing
TBS table on the basis of the PRB count multiplied by
the predetermined coefficient in the calculation of the
coding rate of the shortened TTI when the predetermined
coefficient (e.g., nPRB-Coeff) is contained in the higher-
layer control information (e.g., PDSCH-Config).
[0085] As discussed so far, according to the second
embodiment, when the physical downlink shared chan-
nel (PDSCH) is transmitted at the shortened TTI, a TBS
taking the smaller value than by using the existing TBS
table is acquired. The UE is thereby able to properly re-
ceive and/or decode the PDSCH at the shortened TTI.
[0086] Note that the respective embodiments have al-
ready described the downlink TTI configurations (the
frame configuration, the channel configuration), but the
shortened TTIs, into which one subframe of the existing
system is divided, may, however, also be used on the
uplink. In this case, the shortened TTI count (the division
count) in one subframe in the existing system may be
the same as or may also be different from the TTI count
of the downlink frame.

(Wireless Communication System)

[0087] An architecture of a wireless communication
system according to one embodiment of the present in-
vention will hereinafter be described. This wireless com-
munication system performs communications by using
any of the wireless communication methods or a combi-
nation thereof according to the respective embodiments
of the present invention.

[0088] FIG. 8 is a schematic view illustrating the archi-
tecture of the wireless communication system according
to the embodiment. The carrier aggregation (CA) config-
ured by aggregating a plurality of fundamental frequency
blocks (component carriers) with one unitary parameter
being a system bandwidth (e.g., 20 MHz) of an LTE sys-
tem and/or dual connectivity (DC) can be applied to a
wireless communication system 1.
[0089] Note that the wireless communication system
1 may also be called 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), and New-RAT (Ra-
dio Access Technology), and may also be called a system
for attaining these technologies.
[0090] The wireless communication system 1 illustrat-
ed in FIG. 8 includes a wireless base station 11 config-
uring a macro cell C1 having a relatively broad coverage,
and wireless base stations 12 (12a - 12c) configuring
small cells C2, each smaller than the macro cell C1. User
equipment 20 is disposed in the macro cell C1 and the
respective small cells C2.
[0091] The user equipment 20 is connectable to both
of the wireless base station 11 and the wireless base
station 12. It is assumed that the user equipment 20 si-
multaneously uses the macro cell C1 and the small cell
C2 through the CA or the DC. The user equipment 20
may apply the CA or the DC by employing the plural cells
(CCs) (e.g., five or less CCs, six or more CCs).
[0092] The communications between the user equip-
ment 20 and the wireless base station 11 can be per-
formed by using a carrier (called an existing carrier and
a Legacy carrier) having a narrow bandwidth in a rela-
tively low frequency band (e.g., 2GHz). While on the other
hand, the communications between the user equipment
20 and the wireless base station 12 may involve using a
carrier having a broad bandwidth in a relatively high fre-
quency band (e.g., 3.5GHz, 5GHz), and may further in-
volve using the same carrier as the carrier between the
user equipment 20 and the wireless base station 11. Note
that a configuration of the frequency band used by each
wireless base station is not limited to these examples.
[0093] A configuration wherein the wireless base sta-
tion 11 and the wireless base station 12 (alternatively,
the two wireless base stations 12) are connected wiredly
(using, e.g., an optical fiber conforming to a CPRI (Com-
mon Public Radio Interface), an X2 interface and other
equivalent interfaces) or wirelessly can be used.
[0094] The wireless base station 11 and the wireless
base stations 12 are connected respectively to a host
station apparatus 30 and further connected to a core net-
work 40 via the host station apparatus 30. Note that the
host station apparatus 30 includes, e.g., an access gate-
way apparatus, a radio network controller (RNC) and a
mobility management entity (MME), but the embodiment
is not limited to these apparatuses. Each wireless base
station 12 may be connected to the host station apparatus
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30 via the wireless base station 11.
[0095] Note that the wireless base station 11 is a wire-
less base station having relatively broad coverage and
may be called a macro base station, an aggregation
node, an eNB (evolved NodeB) and a transmission/re-
ception point. The wireless base station 12 is a wireless
base station having a local coverage and may be called
a small base station, a micro base station, a pico base
station, a femto base station, an HeNB (Home eNodeB),
an RRH (Remote Radio Head), and the transmission/re-
ception point. The wireless base stations 11 and 12 will
hereinafter be generically called wireless base stations
10 unless otherwise distinguished.
[0096] Each user equipment 20 is a terminal that sup-
ports a variety of communication methods instanced by
the LTE and the LTE-A, and may encompass not only a
mobile communication terminal but also a fixed commu-
nication terminal.
[0097] In the wireless communication system 1, OFD-
MA (Orthogonal Frequency Division Multiple Access) is
applied as a wireless access method to the downlink,
while SC-FDMA (Single Carrier FDMA) is applied as an-
other wireless access method to the uplink. The OFDMA
is defined as a multi carrier transmission method of per-
forming the communications by dividing the frequency
band into narrow frequency bands (subcarriers) and
mapping the data to the subcarriers. The SC-FDMA is
defined as a single carrier transmission method designed
such that a system bandwidth is divided into plural bands
formed by single or consecutive resource blocks on a
per-terminal basis, and the plural terminals use the bands
different from each other, thereby reducing interference
between the terminals. Note that the uplink and downlink
wireless access methods are not limited to the combina-
tion thereof.
[0098] The wireless communication system 1 involves
using downlink channels instanced by a PDSCH (Phys-
ical Downlink Shared Channel), a PBCH (Physical
Broadcast Channel) and a downlink L1/L2 control chan-
nel, which are shared among the user equipment 20. The
user data, the higher-layer control information and a SIB
(System Information Block) are transmitted via the PD-
SCH. An MIB (Master Information Block) is transmitted
via the PBCH.
[0099] The downlink L1/L2 control channel includes
downlink control channels instanced by a PDCCH (Phys-
ical Downlink Control Channel), an EPDCCH (Enhanced
Physical Downlink Control Channel), a PCFICH (Physi-
cal Control Format Indicator Channel), and a PHICH
(Physical Hybrid-ARQ Indicator Channel). The Downlink
Control Information (DCI) containing the scheduling in-
formation of the PDSCH and the PUSCH is transmitted
via the PDCCH. An OFDM symbol count used for the
PDCCH is transmitted via the PCFICH. HARQ (Hybrid
Automatic Repeat reQuest) acknowledgement informa-
tion (which is also called, e.g., retransmission control in-
formation, HARQ-ACK, and ACK/NACK) for the PUSCH
is transmitted via the PHICH. The EPDCCH is frequency-

division-multiplexed with the PDSCH (Physical Downlink
Shared Channel) and is used for transmitting the DCI in
the same way as the PDCCH.
[0100] The wireless communication system 1 further
involves using the uplink channels instanced by a
PUSCH (Physical Uplink Shared Channel), a PUCCH
(Physical Uplink Control Channel) and a PRACH (Phys-
ical Random Access Channel), which are shared among
the user equipments 20. The user data and the higher-
layer control information are transmitted via the PUSCH.
Downlink wireless quality information (CQI (Channel
Quality Indicator)) and the acknowledgement information
are transmitted via the PUCCH. A random access pre-
amble for establishing a connection with the cell is trans-
mitted via the PRACH.
[0101] The wireless communication system 1 trans-
mits a Cell-specific Reference Signal (CRS), a Channel
State Information-Reference Signal (CSI-RS), a Demod-
ulation Reference Signal (DMRS) and a Positioning Ref-
erence Signal (PRS) as downlink reference signals. The
wireless communication system 1 also transmits a
Sounding Reference Signal (SRS) and the Demodulation
Reference Signal (DMRS) as uplink reference signals.
Note that the DMRS may also be called a user equipment
specific reference signal (UE-specific Reference Signal).
The reference signals to be transmitted are not limited
to these signals.

(Wireless Base Station)

[0102] FIG. 9 is a diagram illustrating one example of
an overall configuration of a wireless base station ac-
cording to one embodiment of the present invention. A
wireless base station 10 includes a plurality of transmis-
sion/reception antennas 101, an amplifier unit 102, a
transmission/reception unit 103, a baseband signal proc-
essor unit 104, a call processor unit 105, and a transmis-
sion path interface 106. It may be sufficient that the wire-
less base station 10 be configured to include one or more
transmission/reception antennas 101, one or more am-
plifier units 102, and one or more transmission/reception
units 103.
[0103] The user data transmitted to the user equipment
20 from the wireless base station 10 via the downlink is
inputted to the baseband signal processor unit 104 from
the host station apparatus 30 via the transmission path
interface 106.
[0104] The baseband signal processor unit 104 is con-
figured such that the user data is transferred to the trans-
mission/reception unit 103 after undergoing transmission
processes instanced by a PDCP (Packet Data Conver-
gence Protocol) layer process, a user data segment-
ing/coupling process, an RLC (Radio Link Control) layer
transmission process such as RLC retransmission con-
trol, MAC (Medium Access Control) retransmission con-
trol (e.g., an HARQ transmission process), scheduling,
transmission format selection, channel coding, an IFFT
(Inverse Fast Fourier Transform) process, and a pre-cod-
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ing process. The downlink control signal is also trans-
ferred to the transmission/reception unit 103 after under-
going the transmission process instanced by the channel
coding and the IFFT.
[0105] The transmission/reception unit 103 transmits
a baseband signal pre-coded and outputted per antenna
from the baseband signal processor unit 104 by convert-
ing this baseband signal into a radio frequency band. A
radio frequency signal, which is frequency-converted by
the transmission/reception unit 103, is amplified by the
amplifier unit 102 and transmitted from the transmis-
sion/reception antenna 101. The transmission/reception
unit 103 may be configured by a transmitter/receiver, a
transmission/reception circuit or a transmission/recep-
tion device, which are described based on the common
recognition in the technical field according to the present
invention. Note that the transmission/reception unit 103
may be configured as the integral transmission/reception
unit, and may also be configured to include the transmis-
sion unit and the reception unit.
[0106] On the other hand, the radio frequency signal,
received by the transmission/reception antenna 101, of
the uplink signal is amplified by the amplifier unit 102.
The transmission/reception unit 103 receives the uplink
signal amplified by the amplifier unit 102. The transmis-
sion/reception unit 103 performs the frequency conver-
sion of the reception signal into the baseband signal, and
outputs the baseband signal to the baseband signal proc-
essor unit 104.
[0107] The baseband signal processor unit 104 is con-
figured such that the user data contained in the inputted
uplink signal is transferred to the host station apparatus
30 via the transmission path interface 106 after under-
going an FFT (Fast Fourier Transform) process, an IDFT
(Inverse Discrete Fourier Transform) process, error cor-
rection decoding, a MAC retransmission control recep-
tion process, and a PCL/PDCP layer reception process.
The call processor unit 105 executes a call process, such
as setting and releasing the communication channel, and
manages a status of the wireless base station 10 and the
radio resources.
[0108] The transmission path interface 106 transmits
and receives the signal to and from the host station ap-
paratus 30 via a certain interface. The transmission path
interface 106 may also transmit and receive (backhaul
signaling) the signal to and from another wireless base
station 10 via an inter base station interface (e.g., the
optical fiber and the X2 interface conforming to CPRI
(Common Public Radio Interface)).
[0109] Note that the transmission/reception unit 103
transmits the downlink control information (e.g., the DCI)
on the data transmission and/or the data reception to the
user equipment 20. For example, the transmission/re-
ception unit 103 may transmit an instruction information
(DL grant) of receiving the physical downlink shared
channel (PDSCH). The transmission/reception unit 103
may also transmit instruction information (UL grant) of
transmitting the physical uplink shared channel

(PUSCH).
[0110] The transmission/reception unit 103 transmits
the downlink data (PDSCH) at a given shortened TTI
decided (determined) by the control unit 301. The trans-
mission/reception unit 103 may also transmit the HARQ-
ACK with respect to the uplink data (PUSCH). The trans-
mission/reception unit 103 may further transmit informa-
tion on the shortened TTI configuration.
[0111] The transmission/reception unit 103 receives
the uplink data at the physical uplink shared channel
(e.g., the PUSCH) from the user equipment 20. The trans-
mission/reception unit 103 may receive the HARQ-ACK
with respect to the downlink data transmitted via the phys-
ical downlink shared channel (PDSCH), based on the
DCI.
[0112] FIG. 10 is a diagram illustrating one example of
a configuration of functions of the wireless base station
according to the present embodiment. Note that FIG. 10
mainly illustrates function blocks of characteristic com-
ponents of the present embodiment. However, the wire-
less base station 10 is to include other function blocks
suitable for the wireless communications. As depicted in
FIG. 10, the baseband signal processor unit 104 includes
at least a control unit (scheduler) 301, a transmission
signal generator unit (generation unit) 302, a mapping
unit 303, a reception signal processor unit 304, and a
sounding (quality testing) unit 305.
[0113] The control unit (scheduler) 301 controls the en-
tire wireless base station 10. The control unit 301 may
be configured by a controller, a control circuit or a control
device, which are described based on the common rec-
ognition in the technical field according to the present
invention.
[0114] The control unit 301 controls, e.g., signal gen-
eration of a transmission signal generator unit 302 and
signal allocation of the mapping unit 303. The control unit
301 further controls a signal reception process of the re-
ception signal processor unit 304 and signal sounding of
the sounding unit 305.
[0115] The control unit 301 controls scheduling (e.g.,
resource allocation) of system information, the downlink
data signal transmitted via the PDSCH, and the downlink
control signal transmitted via the PDCCH and/or the EP-
DCCH. The control unit 301 also controls the scheduling
of downlink reference signals instanced by synchroniza-
tion signals (PSS (Primary Synchronization Signal)/SSS
(Secondary Synchronization Signal)), the CRS, the CSI-
RS and the DMRS.
[0116] The control unit 301 controls the scheduling of
an uplink data signal transmitted via the PUSCH, an up-
link control signal (e.g., the acknowledgement informa-
tion) transmitted via the PUCCH and/or the PUSCH, a
random access preamble transmitted via the PRACH,
and an uplink reference signal.
[0117] The control unit 301 controls to transmit a vari-
ety of signals by using the shortened TTIs in at least
downlink communications (downlink transmission). To
be specific, the control unit 301 controls to transmit the
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data at, at least, one of the plural TTIs (each having a
TTI length less than 1 ms) contained in one subframe of
the existing system.
[0118] The control unit 301 may control to map the cell-
specific reference signal to the radio resource (CRS re-
source), to which the cell-specific reference signal of the
existing system is allocated, and to transmit the mapped
cell-specific reference signal at each shortened TTI. The
control unit 301 may also control to map the demodulation
reference signal to the radio resource (DMRS resource),
to which the demodulation reference signal (DMRS) of
the existing system is allocated, and to transmit the
mapped demodulation reference signal at, at least, one
of the shortened TTIs. For example, the control unit 301
can control to allocate the control signal, the reference
signal and the data signal, based on the radio resource
mapping described in at least one of the TTI configura-
tions (1) - (4) according to the first embodiment.
[0119] To take the TTI configuration (4) for example,
the control unit 301 can utilize a downlink frame config-
uration using a first TTI configured to have a 4-symbol
length starting from a symbol number 3 of a first slot, a
second TTI configured to have a 3-symbol length starting
from a symbol immediately after the first TTI, and a third
TTI configured to have the 4-symbol length starting from
the symbol immediately after the second TTI as the plu-
rality of shortened TTIs contained in one subframe of the
existing system.
[0120] Note that this frame configuration may be de-
fined as a downlink frame configuration using the first
TTI configured to have the 4-symbol length starting from
the symbol number 3 of the first slot of one subframe of
the existing system, the second TTI configured to have
the 3-symbol length starting from a symbol number 0 of
a second slot of one subframe of the existing system,
and the third TTI configured to have the 4-symbol length
starting from the symbol number 3 of the second slot of
one subframe of the existing system as the plurality of
shortened TTIs.
[0121] The frame configuration may further be defined
as a downlink frame configuration using the first TTI con-
figured to have a length of the symbol number 3 through
a symbol number 6 of the first slot of one subframe of
the existing system, the second TTI configured to have
a length of the symbol number through the symbol
number 2 of the second slot of one subframe of the ex-
isting system, and the third TTI configured to have a
length of the symbol number 3 through the symbol
number 6 of the second slot of one subframe of the ex-
isting system as the plurality of shortened TTIs. The same
change of wording may be applied to other TTI configu-
rations (the frame configurations).
[0122] The control unit 301 may control the mapping
so that in the frame configured by the 3 TTIs having the
4-symbol length as in the TTI configuration (3), the first
TTI contains the last symbol when including the demod-
ulation reference signal, the second TTI contains not the
first symbol, but the two symbols counted from the last

when including the demodulation reference signal, and
the third TTI contains the two symbols counted from the
last when including the demodulation reference signal.
[0123] The control unit 301 controls to apply rate
matching (or puncturing) taking account of the first sym-
bol to the first TTI data when allocating the first symbol
of the first TTI to the physical downlink control channel
(PDCCH) in the frame configured by the 3 TTIs having
the 4-symbol length as in, e.g., the TTI configuration (3).
[0124] The control unit 301 may also control the map-
ping so that each of the first TTI, the second TTI and the
third TTI contains the two symbols counted from the last
when including the demodulation reference signal in the
frame configured by the TTI having the 4-symbol length,
the TTI having the 3-symbol length and the TTI having
the 4-symbol length as in the TTI configuration (4).
[0125] The control unit 301 controls to transmit the
downlink control information (the scheduling information)
for scheduling at least one of the shortened TTIs to the
user equipment 20 via the PDCCH region of the existing
system and/or via the EPDCCH at the head shortened
TTI of each subframe. The control unit 301 controls to
notify the user equipment 20 of the scheduling informa-
tion inclusive of information (which may be called TTI
specifying information and TTI indexes) for specifying
the TTIs corresponding to the number (the division count)
of the shortened TTIs selectable as scheduling target
TTIs.
[0126] The control unit 301 may control to notify a given
user equipment 20 of the information (e.g., the start sym-
bol, the symbol count, the PRB count and other equiva-
lent items of the shortened TTI) about the shortened TTI
configuration on the basis of the higher-layer signaling
(e.g., the RRC signaling) and the downlink control infor-
mation or the combination thereof. For example, the con-
trol unit 301 may also control to make the notification of
information about an associative relation between the
shortened TTI configurations and the predetermined in-
dexes (the TTI configuration indexes) by the higher-layer
signaling, and to make the notification of the TTI config-
uration indexes corresponding to the TTI configurations
of the subframe through the DCI via the PDCCH region
of each subframe.
[0127] The transmission signal generator unit 302 gen-
erates, based on an instruction given from the control
unit 301, the downlink signals (the downlink control sig-
nal, the downlink data signal, and the downlink reference
signal), and outputs the generated downlink signals to
the mapping unit 303. The transmission signal generator
unit 302 can be configured by a signal generator, a signal
generation circuit or a signal generation device, which
are described based on the common recognition in the
technical field according to the present invention.
[0128] The transmission signal generator unit 302 gen-
erates, based on, e.g., the instruction given from the con-
trol unit 301, a DL assignment for the notification of down-
link signal allocation information, and an UL grant for the
notification of uplink signal allocation information. The

21 22 



EP 3 346 756 A1

13

5

10

15

20

25

30

35

40

45

50

55

downlink data signal undergoes a coding process and a
modulation process in accordance with the coding rate
and a modulation method, which are determined based
on CSI (Channel State Information) and other equivalent
information given from the individual user equipment 20.
[0129] The mapping unit 303 maps, based on the in-
struction given from the control unit 301, the downlink
signal generated by the transmission signal generator
unit 302 to a predetermine radio source, and outputs the
mapped downlink signal to the transmission/reception
unit 103. The mapping unit 303 can be configured by a
mapper, a mapping circuit or a mapping device, which
are described based on the common recognition in the
technical field according to the present invention.
[0130] The reception signal processor unit 304 exe-
cutes the reception process (such as de-mapping, de-
modulation and decoding) for the reception signal input-
ted from the transmission/reception unit 103. The recep-
tion signal is exemplified by the uplink signal (the uplink
control signal, the uplink data signal, the uplink reference
signal) transmitted from the user equipment 20. The re-
ception signal processor unit 304 can be configured by
a signal processor, a signal processor circuit or a signal
processor device, which are described based on the
common recognition in the technical field according to
the present invention.
[0131] The reception signal processor unit 304 outputs
information decoded by the reception process to the con-
trol unit 301. For example, the reception signal processor
unit 304, when receiving the PUCCH containing the
HARQ-ACK, outputs the HARQ-ACK to the control unit
301. The reception signal processor unit 304 outputs the
reception signal and a post-reception-processing signal
to the sounding unit 305.
[0132] The sounding unit 305 performs sounding
(quality testing) with respect to the received signal. The
sounding unit 305 can be configured by a sounding in-
strument, a sounding circuit or a sounding device, which
are described based on the common recognition in the
technical field according to the present invention.
[0133] The sounding unit 305 may also estimate re-
ception power (e.g., RSRP (Reference Signal Received
Power)), a reception quality (e.g., RSRQ (Reference Sig-
nal Received Quality)) and a channel state of the received
signal. An estimation result may be outputted to the con-
trol unit 301.

(User Equipment)

[0134] FIG. 11 is a diagram illustrating one example of
an overall configuration of the user equipment according
to one embodiment of the present invention. The user
equipment 20 includes plural transmission/reception an-
tennas 201, an amplifier unit 202, a transmission/recep-
tion unit 203, a baseband signal processor unit 204, and
an application unit 205. It may be sufficient that the wire-
less base station 10 is configured to include one or more
transmission/reception antennas 201, one or more am-

plifier units 202, and one or more transmission/reception
units 203.
[0135] The radio frequency signal received by the
transmission/reception antenna 201 is amplified by the
amplifier unit 202. The transmission/reception unit 203
receives the downlink signal amplified by the amplifier
unit 202. The transmission/reception unit 203 performs
the frequency conversion of the reception signal into the
baseband signal, and outputs the baseband signal to the
baseband signal processor unit 204. The transmis-
sion/reception unit 203 can be configured by a transmit-
ter/receiver, a transmission/reception circuit or a trans-
mission/reception device, which are described based on
the common recognition in the technical field according
to the present invention. Note that the transmission/re-
ception unit 203 may be configured as an integral trans-
mission/reception unit 203, and may also be configured
to include the transmission unit and the reception unit.
[0136] The baseband signal processor unit 204 exe-
cutes the FFT process, the error correction decoding and
the retransmission control reception process with respect
to the inputted baseband signal. The downlink user data
is transferred to the application unit 205. The application
unit 205 executes processes about higher layers than a
physical layer and the MAC layer. Of the downlink data,
broadcast information is also transferred to the applica-
tion unit 205.
[0137] On the other hand, the uplink user data is input-
ted to the baseband signal processor unit 204 from the
application unit 205. The baseband signal is transferred
to each transmission/reception unit 203 after undergoing
a retransmission control transmission process (e.g., an
HARQ transmission process), channel coding, pre-cod-
ing, a Discrete Fourier Transform (DFT) process and an
IFFT process in the baseband signal processor unit 204.
The transmission/reception unit 203 converts the base-
band signal outputted from the baseband signal proces-
sor unit 204 into the radio frequency band, and thus trans-
mits the radio frequency signal. The radio frequency sig-
nal being frequency-converted by the transmission/re-
ception unit 203 is amplified by the amplifier unit 202 and
transmitted from the transmission/reception antenna
201.
[0138] The transmission/reception unit 203 transmits
the uplink data via the physical uplink shared channel
(e.g., the PUSCH) to the wireless base station 10. The
transmission/reception unit 203 may transmit the HARQ-
ACK with respect to the downlink data transmitted via
the physical downlink shared channel (the PDSCH)
based on the DCI.
[0139] The transmission/reception unit 203 receives
the downlink control information (e.g., the DCI) about the
data transmission and/or the data reception from the
wireless base station 10. For example, the transmis-
sion/reception unit 203 may receive the instruction infor-
mation (DL grant) of receiving the physical downlink
shared channel (PDSCH). The transmission/reception
unit 203 may also receive the instruction information (UL
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grant) of transmitting the physical uplink shared channel
(PUSCH).
[0140] The transmission/reception unit 203 receives
the downlink data (PDSCH) at a given shortened TTI
decided (determined) by the control unit 401. The trans-
mission/reception unit 203 may also transmit the HARQ-
ACK with respect to the uplink data (PUSCH). The trans-
mission/reception unit 203 may also receive the informa-
tion on the shortened TTI configuration.
[0141] FIG. 12 is a diagram illustrating one example of
a configuration of functions of the user equipment ac-
cording to one embodiment of the present invention. Note
that FIG. 12 mainly illustrates function blocks of charac-
teristic components of the present embodiment. Howev-
er, the user equipment 20 can include other function
blocks suitable for the wireless communications. As de-
picted in FIG. 12, the baseband signal processor unit 204
of the user equipment 20 includes at least a control unit
401, a transmission signal generator unit 402, a mapping
unit 403, a reception signal processor unit 404, and a
sounding unit 405.
[0142] The control unit 401 controls the overall user
equipment 20. The control unit 401 can be configured by
a controller, a control circuit or a control device, which
are described based on the common recognition in the
technical field according to the present invention.
[0143] The control unit 401 controls, e.g., the signal
generation of the transmission signal generator unit 402
and the signal allocation of the mapping unit 403. The
control unit 401 further controls the signal reception proc-
ess of the reception signal processor unit 404 and the
signal sounding of the sounding unit 405.
[0144] The control unit 401 acquires, from the recep-
tion signal processor unit 404, the downlink control signal
(the signal transmitted via the PDCCH/EPDCCH) and
the downlink data signal (the signal transmitted via the
PDSCH), which are transmitted from the wireless base
station 10. The control unit 401 controls the generation
of the uplink control signal (e.g., the acknowledgement
information) and the uplink data signal, based on a result
of determining whether the downlink control signal and
the downlink data signal entail the retransmission control
or not.
[0145] The control unit 401 controls to receive the va-
riety of signals by using the shortened TTIs in at least
downlink communications (downlink transmission). To
be specific, the control unit 401 controls to receive the
data at, at least, one of the plural TTIs (each having the
TTI length less than 1 ms) contained in one subframe of
the existing system.
[0146] The control unit 401 may control to receive the
cell-specific reference signal by the radio resource to
which the cell-specific reference signal (CRS) of the ex-
isting system is allocated at each shortened TTI. The
control unit 401 may also control to receive the demod-
ulation reference signal by the radio resource to which
the demodulation reference signal (DMRS) of the existing
system is allocated at, at least, one of the shortened TTIs.

For example, the control unit 401 can control to receive
the control signal, the reference signal and the data sig-
nal, based on the radio resource mapping described in
at least one of the TTI configurations (1) - (4) according
to the first embodiment.
[0147] To take the TTI configuration (4) for example,
the control unit 401 can control to execute the reception
process on the assumption of the downlink frame con-
figuration using the first TTI configured to have the 4-
symbol length starting from the symbol number 3 of the
first slot, the second TTI configured to have the 3-symbol
length starting from the symbol immediately after the first
TTI, and the third TTI configured to have the 4-symbol
length starting from the symbol immediately after the sec-
ond TTI as the plurality of shortened TTIs contained in
one subframe of the existing system.
[0148] The control unit 401 may control to execute the
reception process on the assumption that in the frame
configured by the 3 TTIs having the 4-symbol length as
in the TTI configuration (3), the first TTI contains the last
symbol when including the demodulation reference sig-
nal, the second TTI contains not the first symbol but the
two symbols counted from the last when including the
demodulation reference signal, and the third TTI contains
the two symbols counted from the last when including
the demodulation reference signal.
[0149] The control unit 401 controls to execute the re-
ception process by applying the rate matching that takes
account of the first symbol to the first TTI data when al-
locating the first symbol of the first TTI to the physical
downlink control channel (PDCCH) in the frame config-
ured by the 3 TTIs having the 4-symbol length as in, e.g.,
the TTI configuration (3).
[0150] The control unit 401 may also control to execute
the reception process on the assumption that each of the
first TTI, the second TTI and the third TTI contains the
two symbols counted from the last when including the
demodulation reference signal in the frame configured
by the TTI having the 4-symbol length, the TTI having
the 3-symbol length and the TTI having the 4-symbol
length as in the TTI configuration (4).
[0151] The control unit 401 controls to receive the
downlink control information (the scheduling information)
for scheduling at least one of the shortened TTIs via the
PDCCH region of the existing system and/or via the EP-
DCCH at the head shortened TTI of each subframe. The
control unit 401 controls to transmit and/or receive the
data corresponding to the downlink control information
(e.g., the DCI) acquired from the reception signal proc-
essor unit 404 at the given shortened TTI (scheduled
TTI). The control unit 401 can specify (determine) the
scheduled TTI, based on the TTI specifying information
(the TTI index) contained in the scheduling information.
[0152] The control unit 401 may update, when acquir-
ing the information about the shortened TTI configuration
from the reception signal processor unit 404, parameters
used for controlling the transmission and/or the reception
using the shortened TTI on the basis of this acquired
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information.
[0153] The control unit 401 may, when receiving the
data at the shortened TTI, control the reception signal
processor unit 404 to execute a decoding process by
referring to the TBS table containing smaller values of
the TBSs than those of the TBS table used in the existing
system. The control unit 401 may also, when receiving
the data at the shortened TTI, control the reception signal
processor unit 404 to execute the decoding process with
reference to the existing TBS table in a way that uses a
value given by multiplying the PRB count allocated to the
data by a predetermined coefficient.
[0154] The transmission signal generator unit 402 gen-
erates, based on an instruction given from the control
unit 401, the downlink signals (the downlink control sig-
nal, the downlink data signal, and the downlink reference
signal), and outputs the generated downlink signals to
the mapping unit 403. The transmission signal generator
unit 402 can be configured by the signal generator, the
signal generation circuit or the signal generation device,
which are described based on the common recognition
in the technical field according to the present invention.
[0155] The transmission signal generator unit 402 gen-
erates, based on, e.g., the instruction given from the con-
trol unit 401, the control signals about the acknowledge-
ment information and the channel state information (CSI).
The transmission signal generator unit 402 also gener-
ates the uplink data signal, based on the instruction given
from the control unit 401. For example, the transmission
signal generator unit 402 is instructed by the control unit
401 to generate the uplink data signal when the downlink
control signal notified from the wireless base station 10
contains the UL grant.
[0156] The mapping unit 403 maps, based on the in-
struction given from the control unit 401, the uplink signal
generated by the transmission signal generator unit 402
to the radio source, and outputs the mapped uplink signal
to the transmission/reception unit 203. The mapping unit
403 can be configured by the mapper, the mapping circuit
or the mapping device, which are described based on
the common recognition in the technical field according
to the present invention.
[0157] The reception signal processor unit 404 exe-
cutes the reception process (such as de-mapping, de-
modulation and decoding) for the reception signal input-
ted from the transmission/reception unit 203. The recep-
tion signal is exemplified by the downlink signal (the
downlink control signal, the downlink data signal, the
downlink reference signal) transmitted from the wireless
base station 10. The reception signal processor unit 404
can be configured by the signal processor, the signal
processor circuit or the signal processor device, which
are described based on the common recognition in the
technical field according to the present invention. The
reception signal processor unit 404 can configure a re-
ception unit according to the present invention.
[0158] The reception signal processor unit 404 blind-
decodes, based on the instruction given from the control

unit 401, the DCI (a DCI format) for scheduling the trans-
mission and/or the reception of data (TB: Transport
Block) of a given TTI. For example, the reception signal
processor unit 404 may decode the DCI by executing a
de-masking process using a predetermined identifier
(RNTI: Radio Network Temporary Identifier), and may
also decode the DCI on the assumption of a given pay-
load size.
[0159] The reception signal processor unit 404 outputs
the information decoded by the reception process to the
control unit 401. The reception signal processor unit 404
outputs, e.g., the broadcast information, the system in-
formation, the RRC signaling and the DCI to the control
unit 401. The reception signal processor unit 404 outputs
the reception signal and a post-reception-processing sig-
nal to the sounding unit 405.
[0160] The sounding unit 405 carries out the sounding
(quality testing) with respect to the received signal. The
sounding unit 405 can be configured by the sounding
instrument, the sounding circuit or the sounding device,
which are described based on the common recognition
in the technical field according to the present invention.
Note that the sounding unit 405 can configure the recep-
tion unit according to the present invention.
[0161] The sounding unit 405 may estimate the recep-
tion power (e.g., RSRP), the reception quality (e.g.,
RSRQ) and the channel state of the received signal. An
estimation result may be outputted to the control unit 401.
[0162] Note that the block diagrams referred to for de-
scribing the embodiments illustrate the blocks on a func-
tion basis. Those function blocks (function units) are at-
tained by arbitrarily combining hardware components
and software modules. Means configured to attain the
respective function blocks are not particularly limited. To
be specific, each function block may be attained by one
physically integrated apparatus, and may also be at-
tained by plural, i.e., two or more physically separated
apparatuses that are interconnected wiredly or wireless-
ly.
[0163] For example, part or the whole of the functions
of the wireless base station 10 and the user equipment
20 may be attained by using the hardware instanced by
an ASIC (Application Specific Integrated Circuit), a PLD
(Programmable Logic Device) and an FPGA (Field Pro-
grammable Gate Array). Each of the wireless base sta-
tion 10 and the user equipment 20 may be attained by a
computer apparatus including a processor (CPU (Central
Processing Unit)), a communication interface for estab-
lishing the connection to the network, a memory, and a
non-transitory computer readable storage medium re-
taining programs. In other words, each of the wireless
base station, the user equipment and other equivalent
apparatuses according to one embodiment may function
as a computer that executes the processes of the wire-
less communication method according to the present in-
vention.
[0164] The processor, the memory and other equiva-
lent components are interconnected via a bus for com-
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municating the information. The non-transitory computer
readable recording medium is a storage medium in-
stanced by a flexible disk, a magneto-optical disk, a ROM
(Read Only Memory), an EPROM (Erasable Program-
mable ROM), a CD-ROM (Compact Disc-ROM), a RAM
(Random Access Memory) and a hard disk. The pro-
grams may be transmitted from the network via a tele-
communication line. Each of the wireless base station 10
and the user equipment 20 may include an input device
instanced by input keys, and an output device instanced
by a display.
[0165] The configurations of the functions of the wire-
less base station 10 and the user equipment 20 may be
attained hardwarewise, may also be attained by software
modules implemented by the processor, and may further
be attained by a combination of both of the software mod-
ules and the hardware components. The processor con-
trols the whole of the user equipment by operating an
Operating System (OS). The processor reads the pro-
grams, the software modules and the data from the stor-
age medium into the memory, and executes the variety
of processes in accordance with these categories of soft-
ware.
[0166] It may be sufficient that the program is compiled
to cause the computer to perform the respective opera-
tions described in the embodiments discussed above.
For example, the control unit 401 of the user equipment
20 may be attained by a control program stored in the
memory and running on the processor, and other function
blocks may be attained in the same way.
[0167] The software, the instructions and other equiv-
alents may be transmitted and received via a transmis-
sion medium. For instance, when the software is trans-
mitted from a web site, a server or other remote sources
by employing wired (cable) technologies exemplified by
a coaxial cable, an optical fiber cable, a twist pair and a
digital subscriber line (DSL) and/or wireless (radio) tech-
nologies exemplified by infrared-rays, radio transmission
and microwaves, the wired technologies and/or the wire-
less technologies are encompassed within definitions of
the transmission mediums.
[0168] Note that the terminologies explained in the
present specification and/or the terminologies available
for comprehending the present specification may be re-
placed with terminologies having the same or similar
meanings. For example, the channel and/or the symbol
may be defined as the signal (signaling). The signal may
be defined as a message. The component carrier (CC)
may be called a carrier frequency, a cell and other equiv-
alent technical terms.
[0169] The information, the parameters and other
equivalents explained in the present specification may
be expressed by absolute values, may also be expressed
by relative values from a certain reference value, and
may further be expressed by different types of informa-
tion corresponding to thereto. For instance, the radio re-
source may be what is indicated by an index.
[0170] The information, the signal and other equiva-

lents explained in the present specification may also be
expressed by making use of any of multiple different tech-
nologies. For example, the data, the instruction, the com-
mand, the information, the signal, the bit, the symbol, the
chip and other equivalents, which are stated in the fore-
going descriptions throughout, may be expressed by a
voltage, an electric current, an electromagnetic wave, a
magnetic field or a magnetic particle, a photo field or a
photon, or by combinations thereof.
[0171] The respective modes/embodiments discussed
in the present specification may be solely used, may also
be used in combination, and may further be used by being
switched over along with the execution thereof. The no-
tification of a certain item of information (e.g., the notifi-
cation of "being X") may be made not only explicitly but
also implicitly (e.g., this may be fulfilled by not making
the notification of a certain item of information).
[0172] The notification of the information may be made
by other methods without being limited to the modes/em-
bodiments discussed in the present specification. For ex-
ample, the notification of the information may be carried
out by the physical layer signaling (e.g., the DCI (Down-
link Control Information), the UCI (Uplink Control Infor-
mation)), the higher layer signaling (e.g., RRC (Radio
Resource Control) signaling, MAC (Medium Access Con-
trol) signaling, the broadcast information (MIB (Master
Information Block), SIB (System Information Block))),
other signals or combinations thereof. The RRC signaling
may be called an RRC message and may also be, e.g.,
an RRC connection setup (RRCConnectionSetup) mes-
sage and an RRC connection reconfiguration (RRCCo-
nnectionReconfiguration) message.
[0173] The modes/embodiments discussed in the
present specification may be applied to systems utilizing
the existing systems, and/or next generation systems be-
ing scalable based on these existing systems instanced
by LTE (Long Term Evolution), LTE-A (LTE-Advanced),
LTE-B (LTE-Beyond), SUPER 3G, IMT-Advanced, 4G
(4th generation mobile communication system), 5G (5th
generation mobile communication system), FRA (Future
Radio Access), New-RAT (Radio Access Technology),
CDMA2000, UMB (Ultra Mobile Broadband), IEEE
802.11 (Wi-Fi (registered trademark)), IEEE 802.16
(WiMAX (registered trademark)), IEEE 802.20, UWB (Ul-
tra-WideBand), Bluetooth (registered trademark), and
other proper systems.
[0174] The processing procedures, the sequences and
the flowcharts in the modes/embodiments discussed in
the present specification may be replaced in order unless
contradictory. For instance, the method described in the
present specification exhibits elements of a variety of
steps in an exemplary order, but the embodiment is not
limited to the exhibited specific order.
[0175] The in-depth description of the present inven-
tion has been described so far, and it is, however, ap-
parent to persons skilled in the art that the present inven-
tion is not limited to the embodiments discussed in the
present specification. The present invention can be car-
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ried out by way of amended and modified embodiments
without departing from the spirit and scope of the present
invention, which are defined by the description of the
scope of claims. The description of the present specifi-
cation is therefore intended for illustrative explanation
only and does not impose any limited interpretation on
the present invention.
[0176] It is to be noted that the present application is
based on Japanese Patent Application No. 2015-173259
filed on Sept. 2, 2015, and the entire contents thereof are
incorporated by reference in the present specification.

Claims

1. User equipment comprising:

a control unit that specifies a configuration of a
plurality of transmission time intervals (TTI) con-
tained in one subframe of an existing system;
and
a reception unit that receives downlink control
information at a radio resource receiving alloca-
tion of PDCCH (Physical Downlink Control
Channel) of the existing system or at a first TTI
of the plural TTIs, and receives data at, at least,
one of the plural TTIs on the basis of the down-
link control information.

2. The user equipment according to claim 1, wherein
the downlink control information contains TTI spec-
ifying information for specifying the TTI, to be sched-
uled, of the plural TTIs.

3. The user equipment according to claim 2, wherein
the TTI specifying information is a bitmap indicating
whether to be scheduled to each of the plural TTIs.

4. The user equipment according to any one of claims
1 through 3, wherein the reception unit receives
downlink control information by using a broaded fre-
quency resource as compared with a bandwidth of
EPDCCH (Enhanced PDCCH) set in the existing
system when receiving the downlink control informa-
tion at a first TTI of the plural TTIs.

5. The user equipment according to any one of claims
1 through 4, wherein the control unit acquires a TBS
(Transport Block Size) by using a TBS index corre-
sponding to an MCS (Modulation and Coding
Scheme) contained in the downlink control informa-
tion, and a PRB count of PRBs allocated to the data
from a TBS table configured by associating the TBS
index, a resource block (PRB) count and the TBS
with each other, and
the TBS table contains smaller values of the TBSs
than those of the TBS used in the existing system.

6. The user equipment according to claim 5, wherein
part or a whole of the values of the TBS table are
values contained in the values of the TBS table used
in the existing system.

7. The user equipment according to any one of claims
1 through 4, wherein the control unit acquires a TBS
(Transport Block Size) by using a TBS index corre-
sponding to an MCS (Modulation and Coding
Scheme) contained in the downlink control informa-
tion, and a value given by multiplying a PRB count
of PRBs allocated to the data by a given coefficient
from a TBS table configured by associating the TBS
index, a resource block (PRB) count and the TBS
with each other.

8. A wireless base station comprising:

a control unit that controls to transmit data at, at
least, one of plural transmission time intervals
(TTI: Transmission Time Interval) contained in
one subframe of an existing system; and
a mapping unit that maps downlink control infor-
mation for scheduling data to a radio resource
receiving allocation of PDCCH (Physical Down-
link Control Channel) of an existing system or
to a first TTI of plural TTIs.

9. A wireless communication method comprising:

specifying a configuration of a plurality of trans-
mission time intervals (TTI: Transmission Time
Interval) contained in one subframe of an exist-
ing system; and
receiving downlink control information at a radio
resource receiving allocation of PDCCH (Phys-
ical Downlink Control Channel) of the existing
system or at a first TTI of the plural TTIs, and
receiving data at, at least, one of the plural TTIs
on the basis of the downlink control information.

10. A wireless communication system comprising:

a wireless base station; and
user equipment that performs communications
with the wireless base station,
the user equipment comprising:

a control unit that specifies a configuration
of a plurality of transmission time intervals
(TTI: Transmission Time Interval) con-
tained in one subframe of an existing sys-
tem; and
a reception unit that receives downlink con-
trol information at a radio resource receiving
allocation of PDCCH (Physical Downlink
Control Channel) of the existing system or
at a first TTI of the plural TTIs, and receives
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data at, at least, one of the plural TTIs on
the basis of the downlink control informa-
tion.
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