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(57) It is possible to secure radio resources allocated
to an uplink data channel even when radio resources
allocated to an uplink control channel increase. A user
terminal according to the present invention includes: a
control section that maps an uplink data channel and an

uplink control channel on different layers; and a trans-
mission section that multiplexes on an identical radio re-
source the uplink data channel and the uplink control
channel mapped on the different layers to transmit.
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Description

Technical Field

[0001] The present invention relates to a user terminal,
a radio communication system, and a radio communica-
tion method of a next-generation communication system.

Background Art

[0002] In UMTS (Universal Mobile Telecommunica-
tions System) networks, for purposes of higher data
rates, lower delay and the like, Long Term Evolution
(LTE) has been specified (Non-Patent Document 1). Fur-
ther, for purposes of wider bands and a higher speed
than LTE, a successor system of LTE (also referred to
as, for example, LTE-A (LTE-Advanced), FRA (Future
Radio Access), and 5G (5th generation mobile commu-
nication system)) has also been studied.
[0003] It is assumed that a future radio communication
system (e.g. 5G) is demanded to provide a much higher
speed and larger volume for use in a mobile broadband,
reduce delay and support connection from a large-vol-
ume device. Further, for purposes of a much higher
speed and larger volume, it is assumed to use a frequen-
cy spectrum of a wider band.
[0004] Furthermore, an existing LTE system adopts
SC-FDMA (Single Carrier-Frequency Division Multiple
Access) (or also referred to as DFT-spread OFDM (Dis-
crete Fourier Transform spread Orthogonal Frequency
Division Multiplexing) below) as an uplink radio access
scheme. Hence, according to the LTE system, a single
carrier-based uplink radio channel is defined.
[0005] More specifically, the LTE system employs a
defined configuration of performing frequency division
multiplexing on an uplink control channel (PUCCH: Phys-
ical Uplink Control Channel) and an uplink data channel
(PUSCH: Physical Uplink Shared Channel), and per-
forming time division multiplexing on the PUCCH and the
PUSCH, and a Sounding Reference Signal (SRS:
Sounding Reference Signal).

Citation List

Non-Patent Literature

[0006] [Non-Patent Literature 1] 3GPP TS 36.300
Rel.8 "Evolved Universal Terrestrial Radio Access (E-
UTRA) and Evolved Universal Terrestrial Radio Access
Network (E-UTRAN); Overall description; Stage 2"

Summary of Invention

Technical Problem

[0007] According to the LTE system, radio resources
for an uplink control channel are secured, and radio re-
sources other than the secured radio resources are al-

located to an uplink data channel. Hence, it is difficult to
allocate the radio resources for the uplink control channel
to the uplink data channel.
[0008] Meanwhile, a future radio communication sys-
tem such as 5G is assumed to increase a downlink data
traffic to realize a much higher speed and larger volume.
In this case, it is necessary to allocate more radio re-
sources to the uplink control channel for transmitting Up-
link Control Information (UCI) such as transmission ac-
knowledgement information (HARQ-ACK: Hybrid Auto-
matic Repeat reQuest-ACKnowledgement) for the down-
link data and downlink Channel State Information (CSI).
[0009] Thus, when it is necessary to allocate more ra-
dio resources to the uplink control channel, there is a
concern that it is difficult to secure radio resources allo-
cated to the uplink data channel. Shortage of radio re-
sources for the uplink data channel is a problem in an
existing LTE system, too.
[0010] The present invention has been made in view
of such a respect, and an object of the present invention
is to provide a user terminal, a radio base station and a
radio communication method that can secure radio re-
sources allocated to an uplink data channel even when
the radio resources allocated to an uplink control channel
increase.
[0011] One aspect of a user terminal according to the
present invention includes: a control section that maps
an uplink data channel and an uplink control channel on
different layers; and a transmission section that multi-
plexes on an identical radio resource the uplink data
channel and the uplink control channel mapped on the
different layers to transmit.
[0012] According to the present invention, it is possible
to secure radio resources allocated to an uplink data
channel even when radio resources allocated to an uplink
control channel increase.

Brief Description of Drawings

[0013]

FIG. 1 is a diagram illustrating an example of a con-
figuration of an uplink radio channel;
FIGs. 2A and 2B are diagrams illustrating examples
of allocation resources of a PUCCH/PUSCH;
FIG. 3 is a diagram illustrating an example of layer
mapping according to this Embodiment;
FIG. 4 is an explanatory diagram of an example of
an uplink reference signal according to this Embod-
iment;
FIG. 5 is an explanatory diagram of an example of
uplink transmission power according to this Embod-
iment;
FIG. 6 is a diagram illustrating an example of layer
mapping according to Aspect 1;
FIGs. 7A, 7B and 7C are diagrams illustrating other
examples of the layer mapping according to Aspect
1;
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FIGs. 8A, 8B and 8C are explanatory diagrams of
examples of a L1 control signal according to Aspect
1;
FIG. 9 is a diagram illustrating an example of layer
mapping according to Aspect 2;
FIG. 10 is a diagram illustrating an example of a
schematic configuration of a radio communication
system according to this Embodiment;
FIG. 11 is a diagram illustrating an example of an
entire configuration of a radio base station according
to this Embodiment;
FIG. 12 is a diagram illustrating an example of a func-
tion configuration of the radio base station according
to this Embodiment;
FIG. 13 is a diagram illustrating an example of an
entire configuration of a user terminal according to
this Embodiment; and
FIG. 14 is a diagram illustrating an example of a func-
tion configuration of the user terminal according to
this Embodiment. Description of Embodiments

[0014] FIG. 1 is a diagram illustrating an example of a
configuration of an uplink radio channel in an LTE system.
As illustrated in FIG. 1, the LTE system secures radio
resources for PUCCHs on both end domains of a system
band and performs frequency division multiplexing on
the PUCCHs and a PUSCH. Further, the PUCCHs, the
PUSCH and an SRS are subjected to time division mul-
tiplexing. A PUCCH format 2 (2a/2b), a PUCCH format
1 (2a/2b) and a PUCCH format 3 are mapped on the
radio resources for the PUCCHs from an outer side of
the system band.
[0015] Further, PUCCHs of a plurality of user terminals
are subjected on frequency division multiplexing or/and
code division multiplexing on the radio resources for the
PUCCHs. The same applies to radio resources for the
SRS, too. Meanwhile, it is possible to perform spatial
division multiplexing on the PUSCHs of a plurality of user
terminals on the radio resources for the PUSCHs. In this
regard, demodulation reference signals of the PUSCHs
of a plurality of user terminals is subjected to code division
multiplexing.
[0016] FIGs. 2 contain diagrams illustrating examples
of radio resources allocated to PUCCHs and a PUSCH.
As illustrated in FIG. 2A, the LTE system secures radio
resources for the PUCCHs and allocates radio resources
other than the radio resources for the PUCCHs, to the
PUSCH.
[0017] However, as a downlink data traffic increases,
it is necessary to allocate many radio resources to an
uplink control channel (e.g. PUCCH) for transmitting Up-
link Control Information (UCI) such as transmission ac-
knowledgement information (HARQ-ACK) for downlink
data and downlink Channel State Information (CSI). As
a result, as illustrated in FIG. 2B, there is a concern that
it is difficult to secure radio resources allocated to an
uplink data channel (e.g. PUSCH).
[0018] Hence, the inventors of the present invention

have conceived making it possible to secure radio re-
sources allocated to the uplink data channel by mapping
the uplink control channel and the uplink data channel
on different layers (e.g. layers that are also referred to
as streams according to MIMO (Multiple-Input and Mul-
tiple-Output)) and arrived at the present invention .

(Radio communication method)

[0019] A radio communication method according to
one Embodiment of the present invention will be de-
scribed below. Hereinafter, higher layer signaling in-
cludes RRC (Radio Resource Control) signaling and
broadcast information. Further, downlink layer signaling
(layer 1 control signal) is a downlink control channel such
as a PDCCH (Physical Downlink Control Channel) or an
EPDCCH (Enhanced PDCCH), and may be called phys-
ical layer signaling.
[0020] Further, a case of two layers (two streams) will
be exemplified as an example below. However, the
number of layers is not limited to this. As long as the
uplink control channel and the uplink data channel are
mapped on different layers, the number of layers may be
three or more.
[0021] FIG. 3 is a diagram illustrating an example of
layer mapping according to this Embodiment. As illus-
trated in FIG. 3, a user terminal maps the uplink data
channel and the uplink control channel on different lay-
ers. Further, the user terminal multiplexes the uplink data
channel and the uplink control channel that are mapped
on the different layers, on identical radio resources to
transmit.
[0022] More specifically, in FIG. 3, the uplink data
channel and the uplink control channel may be spatially
multiplexed on the identical radio resources. A radio base
station performs reception processing on the uplink data
channel and the uplink control channel that are mapped
on the different layers as uplink (UL: Uplink) MIMO (Mul-
tiple-Input and Multiple-Output) (UL MIMO) signals by
using a plurality of antennas.
[0023] Alternatively, in FIG. 3, the uplink data channel
and the uplink control channel may be subjected to elec-
trical multiplexing (non-orthogonal multiplexing) on the
identical radio resources. The radio base station per-
forms reception processing on the uplink data channel
and the uplink control channel that are mapped on the
different layers as uplink NOMA (Non-Orthogonal Multi-
ple Access) signals by using an interference canceller
(e.g. SIC: Successive Interference Cancellation).
[0024] As illustrated in FIG. 3, by mapping the uplink
data channel and the uplink control channel on the dif-
ferent layers, it is possible to allocate the uplink data
channel to an entire system band. As a result, it is pos-
sible to prevent shortage of radio resources for the uplink
data channel caused by an increase in the downlink traf-
fic.
[0025] As described above, when the uplink data chan-
nel and the uplink control channel are transmitted in the
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different layers, the radio base station needs to demulti-
plex the uplink data channel and the uplink control chan-
nel subjected to spatial multiplexing or electrical multi-
plexing based on a channel state of each layer. Hence,
an uplink reference signal is provided per layer to enable
estimation of a channel state per layer, and an uplink
reference signal of each layer is orthogonal or quasi-or-
thogonal.
[0026] FIG. 4 is an explanatory diagram of an uplink
reference signal according to this Embodiment. The user
terminal generates an uplink reference signal of each
layer by using sequences that are orthogonal or quasi-
orthogonal between layers. Further, the user terminal
maps the uplink reference signal of each layer on iden-
tical radio resources. In this regard, the identical radio
resources include, for example, at least one resource
element and are configured by time resources (at least
one time symbol) and/or frequency resources (at least
one subcarrier).
[0027] For example, in FIG. 4, uplink reference signals
of a plurality of layers generated by using orthogonal or
quasi-orthogonal sequences are multiplexed (code divi-
sion multiplexing) on two pairs of subcarriers distant in a
frequency direction of a specific time symbol. In this re-
gard, an uplink reference signal mapping position illus-
trated in FIG. 4 is an exemplary position and is not limited
to this. Further, as long as the uplink reference signals
of a plurality of layers are subjected to orthogonal multi-
plexing or quasi-orthogonal multiplexing, a multiplexing
scheme is not limited to code division multiplexing and
any multiplexing scheme (e.g. at least one of frequency
division multiplexing, time division multiplexing and code
division multiplexing) may be used. Furthermore, re-
source allocation units in the frequency domain are illus-
trated as resource blocks in FIG. 4, yet are not limited to
this.
[0028] As illustrated in FIG. 4, when the uplink refer-
ence signals of a plurality of layers are subjected to or-
thogonal multiplexing or quasi-orthogonal multiplexing,
the radio base station can perform orthogonal demulti-
plexing or quasi-demultiplexing on an uplink reference
signal of each layer and precisely estimate a channel
state of each layer. Consequently, the radio base station
can demultiplex the uplink data channel and the uplink
control channel subjected to spatial multiplexing or elec-
trical multiplexing based on the estimated channel state
of each layer.
[0029] FIG. 5 is an explanatory diagram of uplink trans-
mission power according to this Embodiment. As illus-
trated in FIG. 5, the radio base station may control the
uplink transmission power of each layer to increase to
received signal power of each layer that the uplink control
channel is mapped on compared to received signal pow-
er of each layer that the uplink data channel is mapped
on. By so doing, it is possible to reduce an error rate of
the uplink control channel for which higher quality than
that of the uplink data channel is demanded.
[0030] In this regard, uplink transmission power control

of the radio base station is not limited to this. For example,
the radio base station may control uplink transmission
power of each layer to decrease received signal power
of each layer that the uplink control channel is mapped
on compared to received signal power of each layer that
the uplink data channel is mapped on. By so doing, the
user terminal that can sufficiently achieve a little uplink
data traffic and uplink control channel quality can keep
a reduced interference on surrounding cells and improve
entire system performance.

<Spatial multiplexing>

[0031] Next, spatial multiplexing of an uplink data
channel and an uplink control channel by a radio com-
munication method according to this Embodiment will be
described in detail.

<<Aspect 1>>

[0032] Aspect 1 describes a case where a single user
terminal spatially multiplexes an uplink data channel and
an uplink control channel. The user terminal that includes
a plurality of antennas spatially multiplexes an uplink data
channel and an uplink control channel that are mapped
on different layers by UL MIMO (single-user MIMO).
[0033] According to Aspect 1, the user terminal re-
ceives instruction information for instructing spatial mul-
tiplexing of an uplink data channel and an uplink control
channel, from a radio base station by higher layer sign-
aling. When the higher layer signaling instructs the user
terminal to spatially multiplex the uplink data channel and
the uplink control channel, the user terminal may map
the uplink data channel and the uplink control channel
on the different layers.
[0034] FIG. 6 is a diagram illustrating an example of
layer mapping according to Aspect 1. In FIG. 6, the user
terminal receives layer information for instructing layers
that the uplink data channel and the uplink control chan-
nel are mapped on, from the radio base station by the
higher layer signaling or a L1 control signal. When re-
ceived by the higher layer signaling, the layers that the
uplink data channel and the uplink control channel are
mapped on are semi-statically fixed. Meanwhile, when
received by the L1 control signal, the layers that the uplink
data channel and the uplink control channel are mapped
on are dynamically changed.
[0035] The user terminal maps the uplink data channel
and the uplink control channel on the layers instructed
by the layer information. For example, in FIG. 6, the user
terminal maps the uplink control channel on a layer #1
and maps the uplink data channel on a layer #2 based
on the layer information. The user terminal precodes the
uplink data channel and the uplink control channel by
using different precoding matrices per layer, generates
a transmission signal and transmits the generated trans-
mission signal by using a plurality of antennas.
[0036] Further, the user terminal generates uplink ref-
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erence signals of the layers #1 and #2 by using orthog-
onal or quasi-orthogonal sequences between the layers
#1 and #2, and maps the generated uplink reference sig-
nal on identical resource elements. Consequently, the
radio base station can perform orthogonal demultiplexing
on the uplink reference signals of the layers #1 and #2,
and, consequently, can demultiplex the uplink control
channel of the layer #1 and the uplink data channel of
the layer #2 based on a channel state estimated by using
the uplink reference signals of the layers #1 and #2.
[0037] FIGs. 7 contain diagrams illustrating other ex-
amples of layer mapping according to Aspect 1. In FIGs.
7, the user terminal determines layers that an uplink data
channel and an uplink control channel are mapped on
without layer information from the radio base station un-
like FIG. 6.
[0038] As illustrated in, for example, FIG. 7A, when
transmitting only the uplink control channel, the user ter-
minal maps the uplink control channel on the layer #1
(first layer). Further, as illustrated in FIG. 7B, when trans-
mitting only the uplink data channel, the user terminal
maps the uplink data channel on the layer #1. Meanwhile,
as illustrated in FIG. 7C, when spatially multiplexing and
transmitting the uplink data channel and the uplink control
channel, the user terminal maps the uplink control chan-
nel on the layer #1 and the uplink data channel on the
layer #2 (second layer).
[0039] Thus, in FIGs. 7, both when transmitted alone
and when concurrently transmitted with the uplink data
channel, the uplink control channel is mapped on the
layer #1. Meanwhile, a layer that the uplink data channel
is mapped on is changed according to whether or not
there is an uplink control channel. In this case, a layer
that the uplink data channel is mapped on may be
changed per resource block (PRB: Physical Resource
Block).
[0040] For example, layer mapping illustrated in FIG.
7C is applied to resource blocks in both end domains
(resource domains secured for the uplink control chan-
nel) of the system band, and layer mapping illustrated in
FIG. 7B is applied to resource blocks other than the both
end domains. Consequently, it is possible to increase
radio resources that can be allocated to the uplink data
channel while reusing a method for allocating the uplink
control channel in the LTE system.
[0041] FIG. 8 is a diagram illustrating an example of
scheduling according to Aspect 1. In FIG. 8, the radio
base station allocates (schedules) radio resources (e.g.
PRBs) to the uplink control channel and the uplink data
channel. Resource information indicating radio resourc-
es allocated to the uplink control channel and the uplink
data channel may be transmitted to the user terminal by
the single L1 control signal (FIGs. 8A and 8B), or may
be transmitted to the user terminal by the different L1
control signals (FIG. 8C).
[0042] Further, the radio base station may allocate
common PRBs (identical PRBs) to the uplink control
channel and the uplink data channel. In this case, as

illustrated in FIG. 8A, the user terminal receives the L1
control signal including resource information indicating
the common PRBs. The user terminal spatially multiplex-
es the uplink control channel and the uplink data channel
on the common PRBs. Thus, by using common resource
information for the uplink control channel and the uplink
data channel, it is possible to reduce a downlink over-
head.
[0043] Alternatively, the radio base station may indi-
vidually allocate PRBs for the uplink control channel and
PRBs for the uplink data channel (the PRBs may include
PRBs that partially overlap). In this case, as illustrated in
FIG. 8B, the user terminal receives the single L1 control
signal including resource information indicating the PRBs
allocated to the uplink control channel and resource in-
formation indicating the PRBs allocated to the uplink data
channel. The user terminal transmits the uplink control
channel or/and the uplink data channel by using the al-
located PRBs. An information amount transmitted on the
uplink control channel is smaller than an information
amount transmitted on the uplink data channel, so that,
by varying PRBs to be allocated to the uplink control
channel and the uplink data channel, it is possible to im-
prove radio resource use efficiency.
[0044] In this regard, in FIGs. 8A and 8B, transmission
power of the uplink control channel and the uplink data
channel may be controlled according to a common Trans-
mission Power Control (TPC) command. In this case, the
common TPC command is transmitted to the user termi-
nal by the L1 control signal illustrated in FIGs. 8A and
8B. The user terminal may determine the transmission
power of the uplink data channel based on the TPC com-
mand or determine the transmission power of the uplink
control channel based on the TPC command and a pre-
determined offset. In this regard, the predetermined off-
set may be used to increase the transmission power of
the uplink control channel compared to the transmission
power of the uplink data channel.
[0045] Meanwhile, when the PRBs for the uplink con-
trol channel and the PRBs for the uplink data channel
are individually allocated to the user terminal as illustrat-
ed in FIG. 8C, the user terminal may receive the L1 control
signal (e.g. downlink assignment) including the resource
information indicating the PRBs allocated to the uplink
control channel, and the L1 control signal (e.g. uplink
grant) including the resource information indicating the
PRBs allocated to the uplink data channel. The user ter-
minal transmits the uplink control channel or/and the up-
link data channel by using the PRBs allocated to the L1
control signal per layer.
[0046] In FIG. 8C, the transmission power of the uplink
control channel and the uplink data channel may be con-
trolled according to individual Transmission Power Con-
trol (TPC) commands. In this case, the L1 control signal
for the uplink control channel and the L1 control signal
for the uplink data channel may include different TPC
commands, respectively.
[0047] In this regard, the user terminal performs trans-
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mission by using uplink control channel resources ac-
cording to one of methods in FIGs. 8A to 8C when uplink
control channel resource information can be obtained by
the L1 control signal, and may perform transmission by
using uplink control channel resources configured in ad-
vance by higher layer signaling when the uplink control
channel resource information cannot be obtained by the
L1 control signal. Consequently, in a case of, for example,
periodic CQI or a Scheduling Request (SR) configured
independently from DL data allocation or UL data alloca-
tion, it is possible to eliminate a need for an instruction
using the L1 control signal and reduce an overhead of a
downlink control channel.

<<Aspect 2>>

[0048] Aspect 2 describes a case where uplink data
channels and uplink control channels of a plurality of dif-
ferent user terminals are spatially multiplexed. In Aspect
2, an uplink data channel of one user terminal and an
uplink control channel of another user terminal are spa-
tially multiplexed by UL MIMO (multi-user MIMO). Hence,
the user terminal may not include a plurality of antennas
unlike Aspect 1. Differences from Aspect 1 will be mainly
described below.
[0049] In Aspect 2, each user terminal may receive,
from a radio base station, layer information for instructing
layers (or/and sequences of uplink reference signals of
this layers) that the uplink data channel and the uplink
control channel are mapped on by higher layer signaling.
[0050] Alternatively, in Aspect 2, each user terminal
may receive, from a radio base station, layer information
for instructing layers (or/and sequences of uplink refer-
ence signals of this layers) that the uplink data channel
and the uplink control channel are mapped on by the L1
control signal. In this regard, the L1 control signal may
be the L1 control signal (e.g. downlink assignment) for
instructing transmission of the uplink control channel or
may be the L1 control signal (e.g. uplink grant) for in-
structing transmission of the uplink data channel.
[0051] FIG. 9 is a diagram illustrating an example of
layer mapping according to Aspect 2. For example, in
FIG. 9, layer information received by the higher layer sig-
naling or the L1 control signal instructs mapping the up-
link control channel on the layer #1 and mapping the up-
link data channel on the layer #2.
[0052] In FIG. 9, a user terminal #1 generates an uplink
reference signal of the layer #1 based on the layer infor-
mation to multiplex with an uplink control channel. Mean-
while, a user terminal #2 generates an uplink reference
signal of the layer #2 based on the layer information to
multiplex with an uplink data channel. Further, the user
terminals #1 and #2 map the uplink reference signals of
the layers #1 and #2 on identical resource elements.
[0053] Thus, layer mapping in a case where uplink data
channels and uplink control channels of different user
terminals are spatially multiplexed refers to multiplexing
uplink reference signals orthogonal between layers with

the uplink control channels or the uplink data channels.
[0054] Further, although not illustrated, in FIG. 9, when
transmitting the uplink data channel, the user terminal #1
generates the uplink reference signal of the layer #2 to
multiplex with the uplink data channel (map the uplink
data channel on the layer #2). Similarly, when transmit-
ting the uplink control channel, the user terminal #2 gen-
erates the uplink reference signal of the layer #1 to mul-
tiplex with the uplink control channel (map the uplink con-
trol channel on the layer #1).

<Electrical multiplexing>

[0055] Next, electrical multiplexing of an uplink data
channel and an uplink control channel according to a
radio communication method according to this Embodi-
ment will be described in detail.
[0056] According to electrical multiplexing (non-or-
thogonal multiplexing), a user terminal transmits an up-
link data channel and an uplink control channel that are
mapped on different layers at different transmission pow-
er by using identical radio resources. For example, as
illustrated in FIG. 5, the user terminal may transmit the
uplink control channel at higher transmission power than
that of the uplink data channel. In this regard, the uplink
data channel and the uplink control channel of a single
user terminal may be electrically multiplexed or uplink
data channels and uplink control channels of different
user terminals may be electrically multiplexed.
[0057] Further, the radio base station extracts a de-
sired signal by canceling an interference signal from a
received signal by an interference canceller (e.g. SIC).
More specifically, the radio base station extracts an up-
link control channel by canceling an uplink data channel
electrically multiplexed with an uplink control channel by
the interference canceller. Similarly, the radio base sta-
tion extracts an uplink control channel by cancelling an
uplink control channel electrically multiplexed with the
uplink data channel by the interference canceller.
[0058] As described above, according to the radio
communication method according to this Embodiment,
it is possible to allocate an uplink data channel to an
entire system band by mapping the uplink data channel
and an uplink control channel on different layers. As a
result, it is possible to prevent shortage of radio resources
for the uplink data channel caused by an increase in
downlink traffic.

(Radio communication system)

[0059] A configuration of a radio communication sys-
tem according to one Embodiment of the present inven-
tion will be described below. The above radio communi-
cation method is applied to this radio communication sys-
tem. In this regard, the radio communication method ac-
cording to each of the above Aspects may be applied
alone or may be applied in combination.
[0060] FIG. 10 is a diagram illustrating an example of
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a schematic configuration of the radio communication
system according to one Embodiment of the present in-
vention. In a radio communication system 1, it is possible
to apply Carrier Aggregation (CA) to aggregate a plurality
of base frequency blocks (component carriers) whose
one unit is a system bandwidth (e.g. 20 MHz) of an LTE
system, and/or Dual Connectivity (DC). In this regard,
the radio communication system 1 may be called SUPER
3G, LTE-A (LTE-Advanced), IMT-Advanced, 4G, 5G or
FRA (Future Radio Access).
[0061] The radio communication system 1 illustrated
in FIG. 10 includes a radio base station 11 that forms a
macro cell C1, and radio base stations 12a to 12c that
are located in the macro cell C1 and form small cells C2
narrower than the macro cell C1. Further, a user terminal
20 is located in the macro cell C1 and each small cell C2.
[0062] The user terminal 20 can connect to both of the
radio base station 11 and the radio base stations 12. The
user terminal 20 is assumed to concurrently use the mac-
ro cell C1 and the small cells C2 that use different fre-
quencies according to CA or DC. Further, the user ter-
minal 20 can apply CA or DC by using a plurality of cells
(CCs) (e.g. six or more CCs).
[0063] The user terminal 20 and the radio base station
11 can communicate by using a carrier (an existing carrier
that is called Legacy carrier) of a narrow bandwidth in a
relatively low frequency band (e.g. 2 GHz). Meanwhile,
the user terminal 20 and each radio base station 12 may
use a carrier of a wide bandwidth in a relatively high fre-
quency band (e.g. 3.5 GHz or 5 GHz) or may use the
same carrier as that used by the radio base station 11.
In this regard, a configuration of a frequency band used
by each radio base station is not limited to this.
[0064] The radio base station 11 and each radio base
station 12 (or the two radio base stations 12) can be con-
figured to be connected by wires (e.g. optical fibers com-
pliant with a CPRI (Common Public Radio Interface) or
an X2 interface) or by radio.
[0065] The radio base station 11 and each radio base
station 12 are connected to a higher station apparatus
30 and are connected to a core network 40 via the higher
station apparatus 30. In this regard, the higher station
apparatus 30 includes, for example, an access gateway
apparatus, a Radio Network Controller (RNC), a Mobility
Management Entity (MME) and the like, but is not limited
thereto. Further, each radio base station 12 may be con-
nected to the higher station apparatus 30 via the radio
base station 11.
[0066] In this regard, the radio base station 11 is a radio
base station having relatively wide coverage, and may
be referred to as a macro base station, an aggregate
node, an eNB (eNodeB) and a transmission/reception
point. Further, each radio base station 12 is a radio base
station having local coverage, and may be referred to as
a small base station, a micro base station, a pico base
station, a femto base station, a HeNB (Home eNodeB),
a RRH (Remote Radio Head) and a transmission/recep-
tion point. The radio base stations 11 and 12 will be col-

lectively referred to as the radio base station 10 unless
distinguished below.
[0067] Each user terminal 20 is a terminal that supports
various communication schemes such as LTE and LTE-
A, and may include not only a mobile communication
terminal but also a fixed communication terminal.
[0068] The radio communication system 1 applies
OFDMA (Orthogonal Frequency-Division Multiple Ac-
cess) to both of downlink and uplink as a radio access
scheme. OFDMA is a multicarrier transmission scheme
of dividing a frequency band into a plurality of narrow
frequency bands (subcarriers), mapping data on each
subcarrier and performing communication. In this regard,
uplink and downlink radio access schemes are not limited
to a combination of these. For example, SC-FDMA (Sin-
gle Carrier-Frequency Division Mutliple Access) may be
applied to uplink. SC-FDMA is a single carrier transmis-
sion scheme of dividing a system bandwidth into a band
configured by one or continuous resource blocks per ter-
minal, using different bands for a plurality of terminals
and reducing an interference between terminals. Alter-
natively, NOMA (Non-Orthogonal Multiple Access) (also
referred to electrical multiple access) may be applied to
downlink or/and uplink.
[0069] The radio communication system 1 uses a
downlink shared channel (PDSCH: Physical Downlink
Shared Channel), a broadcast channel (PBCH: Physical
Broadcast Channel) and a L1/L2 control channel shared
by each user terminal 20 as downlink channels. User
data, higher layer control information and a SIB (System
Information Block) are transmitted on the PDSCH. Fur-
ther, a MIB (Master Information Block) is transmitted on
the PBCH.
[0070] The L1/L2 control channel includes a downlink
control channel (PDCCH (Physical Downlink Control
Channel), an EPDCCH (Enhanced Physical Downlink
Control Channel)), a PCFICH (Physical Control Format
Indicator Channel), and a PHICH (Physical Hybrid-ARQ
Indicator Channel)). Downlink Control Information (DCI)
including scheduling information of the PDSCH and the
PUSCH is transmitted on the PDCCH. The number of
OFDM systems used for the PDCCH is transmitted on
the PCFICH. Transmission acknowledgement informa-
tion (ACK/NACK) of HARQ for the PUSCH is transmitted
on the PHICH. The EPDCCH is subjected to frequency
division multiplexing with the PDSCH (downlink shared
data channel) and is used to transmit a DCI similar to the
PDCCH.
[0071] The radio communication system 1 uses an up-
link shared channel (PUSCH: Physical Uplink Shared
Channel), an uplink control channel (PUCCH: Physical
Uplink Control Channel) and a random access channel
(PRACH: Physical Random Access Channel) shared by
each user terminal 20 as uplink channels. User data and
higher layer control information are transmitted on the
uplink data channel. Uplink Control Information (UCI) in-
cluding at least one of transmission acknowledgement
information (ACK/NACK) and Radio Quality Information
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(CQI) is transmitted on an uplink data channel or an uplink
control channel. A random access preamble for estab-
lishing connection with cells is transmitted on a random
access channel.

<Radio base station>

[0072] FIG. 11 is a diagram illustrating an example of
an entire configuration of the radio base station according
to one Embodiment of the present invention. The radio
base station 10 includes a plurality of transmission/re-
ception antennas 101, amplifying sections 102, transmis-
sion/reception sections 103, a baseband signal process-
ing section 104, a call processing section 105, and a com-
munication interface 106. In this regard, the radio base
station 10 needs to be configured to include one or more
transmission/reception antennas 101, amplifying sec-
tions 102 and transmission/reception sections 103.
[0073] User data transmitted from the radio base sta-
tion 10 to the user terminal 20 on downlink is input from
the higher station apparatus 30 to the baseband signal
processing section 104 via the communication interface
106.
[0074] The baseband signal processing section 104
performs processing of a PDCP (Packet Data Conver-
gence Protocol) layer, segmentation and concatenation
of the user data, transmission processing of a RLC (Radio
Link Control) layer such as RLC retransmission control,
and MAC (Medium Access Control) retransmission con-
trol (such as transmission processing of HARQ (Hybrid
Automatic Repeat reQuest)), and transmission process-
ing such as scheduling, transmission format selection,
channel coding, Inverse Fast Fourier Transform (IFFT)
processing, and precoding processing on the user data
to transfer to each transmission/reception section 103.
Further, the baseband signal processing section 104 per-
forms transmission processing such as channel coding
and inverse fast Fourier transform on a downlink control
signal, too, to transfer to each transmission/reception
section 103.
[0075] Each transmission/reception section 103 con-
verts a baseband signal precoded and output per anten-
na from each baseband signal processing section 104,
into a signal of a radio frequency band to transmit. Each
amplifying section 102 amplifies the radio frequency sig-
nal subjected to frequency conversion by each transmis-
sion/reception section 103, and transmits the radio fre-
quency signal from each transmission/reception antenna
101.
[0076] Further, each transmission/reception section
103 transmits instruction information for instructing spa-
tial multiplexing of an uplink data channel and an uplink
control channel, to the user terminal 20 by higher layer
signaling. Furthermore, each transmission/reception
section 103 may transmit layer information for instructing
layers that an uplink data channel and an uplink control
channel are mapped on, to the user terminal 20 by higher
layer signaling or the L1 control signal.

[0077] The transmission/reception sections 103 can
be composed of a transmitter/receiver, a transmis-
sion/reception circuit or a transmission/reception device
described based on a common knowledge in a technical
field of the present invention. In this regard, the trans-
mission/reception sections 103 may be composed of an
integrated transmission/reception section or may be
composed of a transmission section and a reception sec-
tion.
[0078] Meanwhile, each amplifying section 102 ampli-
fies a radio frequency signal as an uplink signal received
by each transmission/reception antenna 101. Each
transmission/reception section 103 receives the uplink
signal amplified by each amplifying section 102. Each
transmission/reception section 103 performs frequency
conversion on the received signal into a baseband signal,
and outputs the baseband signal to the baseband signal
processing section 104.
[0079] The baseband signal processing section 104
performs Fast Fourier Transform (FFT) processing, In-
verse Discrete Fourier Transform (IDFT) processing, er-
ror correcting decoding, reception processing of MAC
retransmission control, and reception processing of a
RLC layer and a PDCP layer on user data included in
the input uplink signal to transfer to the higher station
apparatus 30 via the communication interface 106. The
call processing section 105 performs call processing
such as configuration and release of a communication
channel, state management of the radio base station 10,
and management of radio resources.
[0080] The communication interface 106 transmits and
receives signals to and from the higher station apparatus
30 via a predetermined interface. Further, the communi-
cation interface 106 may transmit and receive (backhaul
signaling) signals to and from the neighboring radio base
station 10 via an inter-base station interface (e.g. optical
fibers compliant with the CPRI (Common Public Radio
Interface) or the X2 interface).
[0081] FIG. 12 is a diagram illustrating an example of
a function configuration of the radio base station accord-
ing to this Embodiment. In addition, FIG. 12 mainly illus-
trates function blocks of characteristic portions in this Em-
bodiment, and it is assumed that the radio base station
10 has other function blocks required for radio commu-
nication, too. As shown in FIG. 12, the baseband signal
processing section 104 includes at least a control section
301, a transmission signal generating section 302, a
mapping section 303, a received signal processing sec-
tion 304 and a measurement section 305.
[0082] The control section 301 controls the entire radio
base station 10. The control section 301 controls, for ex-
ample, generation of a downlink signal in the transmis-
sion signal generating section 302, mapping of signals
in the mapping section 303 and reception processing of
signals in the received signal processing section 304.
[0083] More specifically, the control section 301 per-
forms control to cause the received signal processing
section 304 to demultiplex an uplink data channel and
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an uplink control channel that are mapped on different
layers. More specifically, the control section 301 demul-
tiplexes the uplink data channel and the uplink control
channel based on a channel state of each layer measured
by the measurement section 305.
[0084] In this regard, the control section 301 may per-
form control to perform reception processing on an uplink
data channel and an uplink control channel as UL MIMO
(including single-user/multi-user MIMO) signals. Alterna-
tively, the control section 301 may perform control to per-
form reception processing on an uplink data channel and
an uplink control channel as NOMA signals.
[0085] Further, the control section 301 may control lay-
er mapping in the user terminal 20. For example, the
control section 301 may perform control to cause the
transmission signal generating section 302 to generate
instruction information for instructing spatial multiplexing
of an uplink data channel and an uplink control channel.
Further, the control section 301 may perform control to
cause the transmission signal generating section 302 to
generate layer information for instructing layers that an
uplink data channel and an uplink control channel are
mapped on.
[0086] Furthermore, the control section 301 controls
allocation (scheduling) of radio resources on a downlink
data channel, an uplink data channel and/or an uplink
control channel. The control section 301 performs control
to transmit resource information indicating allocated ra-
dio resources by using a single or a plurality of L1 control
signals (FIG. 8). In this regard, the control section 301
may perform control to transmit resource information for
the uplink control channel by higher layer signaling.
[0087] Further, the control section 301 controls trans-
mission power of the uplink control channel and/or the
uplink data channel. For example, the control section 301
may control uplink transmission power of each layer to
increase received signal power of the layer that the uplink
control channel is mapped on compared to received sig-
nal power of the layer that the uplink data channel is
mapped on. Alternatively, the control section 301 may
control uplink transmission power of each layer to in-
crease the received signal power of the layer that the
uplink data channel is mapped on compared to the re-
ceived signal power of the layer that the uplink control
channel is mapped on. In this regard, the control section
301 may perform control to transmit the L1 control signal
including a Transmission Power Control (TPC) command
used for closed loop control, and transmit parameters
used for open-loop control by higher layer signaling.
[0088] The control section 301 can be composed of a
controller, a control circuit and a control apparatus de-
scribed based on the common knowledge in the technical
field according to the present invention.
[0089] The transmission signal generating section 302
generates a downlink signal (including a downlink data
channel, a downlink control channel (L1 control signal)
and a downlink reference signal) based on an instruction
from the control section 301 to output to the mapping

section 303.
[0090] The transmission signal generating section 302
can be composed of a signal generator, a signal gener-
ation circuit and a signal generating apparatus described
based on the common knowledge in the technical field
according to the present invention.
[0091] The mapping section 303 maps the downlink
signal generated by the transmission signal generating
section 302, on predetermined radio resources based on
the instruction from the control section 301, and outputs
the downlink signal to the transmission/reception section
103. The mapping section 303 can be composed of a
mapper, a mapping circuit or a mapping apparatus de-
scribed based on the common knowledge in the technical
field according to the present invention.
[0092] The received signal processing section 304 per-
forms reception processing (e.g. demapping, demodula-
tion and decoding) on an uplink signal (including an uplink
data channel, an uplink control channel and an uplink
reference signal) transmitted from the user terminal 20.
The received signal processing section 304 outputs a
processing result to the control section 301.
[0093] More specifically, the received signal process-
ing section 304 performs reception processing on the
uplink data channel and the uplink control channel that
are mapped on the different layers, as UL (MIMO (includ-
ing single-user/multi-user MIMO) or NOMA signals ac-
cording to the instruction from the control section 301.
[0094] The received signal processing section 304 can
be composed of a signal processor, a signal processing
circuit or a signal processing apparatus and a measure-
ment instrument, a measurement circuit or a measure-
ment apparatus described based on the common knowl-
edge in the technical field according to the present in-
vention.
[0095] The measurement section 305 performs meas-
urement by using the uplink reference signal from the
user terminal 20, and outputs a measurement result to
the control section 301. More specifically, the measure-
ment section 305 measures (estimates) a channel state
of each layer by using the uplink reference signals or-
thogonal or quasi-orthogonal between the layers.
[0096] The measurement section 305 can be com-
posed of a signal processor, a signal processing circuit
or a signal processing apparatus and a measurement
instrument, a measurement circuit or a measurement ap-
paratus described based on the common knowledge in
the technical field according to the present invention.

<User terminal>

[0097] FIG. 13 is a diagram illustrating an example of
an entire configuration of the user terminal according to
one Embodiment of the present invention. The user ter-
minal 20 includes a plurality of transmission/reception
antennas 201 for MIMO transmission, amplifying sec-
tions 202, transmission/reception sections 203, a base-
band signal processing section 204, and an application
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section 205.
[0098] The amplifying sections 202 amplify radio fre-
quency signals received at a plurality of transmission/re-
ception antennas 201. Each transmission/reception sec-
tion 203 receives a downlink signal amplified by each
amplifying section 202. Each transmission/reception
section 203 performs frequency conversion on the re-
ceived signal into a baseband signal, and outputs the
baseband signal to the baseband signal processing sec-
tion 204.
[0099] The baseband signal processing section 204
performs FFT processing, error correcting decoding, re-
ception processing of retransmission control and the like
on the input baseband signal. The baseband signal
processing section 204 transfers downlink user data to
the application section 205. The application section 205
performs processing concerning layers higher than a
physical layer and a MAC layer. Further, the baseband
signal processing section 204 transfers broadcast infor-
mation among the downlink data, too, to the application
section 205.
[0100] Meanwhile, the application section 205 inputs
uplink user data to the baseband signal processing sec-
tion 204. The baseband signal processing section 204
performs transmission processing of retransmission con-
trol (e.g. HARQ transmission processing), channel cod-
ing, precoding, Discrete Fourier Transform (DFT)
processing, IFFT processing and the like on the uplink
user data to transfer to each transmission/reception sec-
tion 203. Each transmission/reception section 203 con-
verts the baseband signal output from the baseband sig-
nal processing section 204 into a signal of a radio fre-
quency band to transmit. Each amplifying section 202
amplifies the radio frequency signal subjected to the fre-
quency conversion by each transmission/reception sec-
tion 203 to transmit from each transmission/reception an-
tenna 201.
[0101] In this regard, each transmission/reception sec-
tion 203 receives instruction information for instructing
spatial multiplexing of an uplink data channel and an up-
link control channel, from the radio base station 10 by
higher layer signaling. Further, each transmission/recep-
tion section 203 may receive layer information for in-
structing the layers that the uplink data channel and the
uplink control channel are mapped on, from the radio
base station 10 by the higher layer signaling or the L1
control signal.
[0102] Furthermore, each transmission/reception sec-
tion 203 may receive the single L1 control signal indicat-
ing radio resources (e.g. PRBs) commonly allocated to
the uplink data channel and the uplink control channel
(FIG. 8A). Alternatively, each transmission/reception
section 203 may receive the single layer 1 control signal
indicating both of the radio resources allocated to the
uplink data channel and the radio resources allocated to
the uplink control channel (FIG. 8B). Alternatively, each
transmission/reception section 203 may receive a plural-
ity of layer 1 control signals individually indicating the

radio resources allocated to the uplink data channel and
the radio resources allocated to the uplink control chan-
nel (FIG. 8C).
[0103] The transmission/reception sections 203 can
be composed of a transmitter/receiver, a transmis-
sion/reception circuit or a transmission/reception appa-
ratus described based on the common knowledge in the
technical field according to the present invention. Further,
the transmission/reception sections 203 may be com-
posed of an integrated transmission/reception section or
may be composed of a transmission section and a re-
ception section.
[0104] FIG. 14 is a diagram illustrating an example of
a function configuration of the user terminal according to
this Embodiment. In addition, FIG. 14 mainly illustrates
function blocks of characteristic portions in this Embod-
iment, and it is assumed that the user terminal 20 has
other function blocks required for radio communication,
too. As shown in FIG. 14, the baseband signal processing
section 204 of the user terminal 20 includes a control
section 401, a transmission signal generating section
402, a mapping section 403, a received signal processing
section 404, and a measurement section 405.
[0105] The control section 401 controls the entire user
terminal 20. The control section 401 controls, for exam-
ple, generation of signals in the transmission signal gen-
erating section 402, mapping of signals in the mapping
section 403 and reception processing of signals in the
received signal processing section 404.
[0106] Further, the control section 401 controls layer
mapping of the uplink data channel and the uplink control
channel. More specifically, the control section 401 maps
the uplink data channel and the uplink control channel
on different layers.
[0107] Further, the control section 401 performs con-
trol to multiplex the uplink data channel and the uplink
control channel that are mapped on the different layers,
on the identical radio resources to transmit. Furthermore,
the control section 401 performs control to generate up-
link reference signals orthogonal or quasi-orthogonal per
layer and map the uplink reference signals on the iden-
tical radio resources (e.g. resource elements) to transmit
(FIG. 4). More specifically, the control section 401 may
perform control to cause the transmission signal gener-
ating section 402 to generate the uplink reference signals
of sequences orthogonal or quasi-orthogonal per layer.
[0108] Further, the control section 401 may perform
control to spatially multiplex the uplink data channel and
the uplink control channel on the identical radio resources
to transmit. Furthermore, when instructed by instruction
information notified by the higher layer signaling to spa-
tially multiplex the uplink data channel and the uplink con-
trol channel, the control section 401 may perform control
to map the uplink data channel and the uplink control
channel on the different layers.
[0109] Still further, the control section 401 may perform
control to map the uplink data channel and the uplink
control channel on the different layers based on the layer
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information received by the higher layer signaling or the
layer 1 control signal (FIG. 6).
[0110] Moreover, when transmitting the uplink data
channel without spatially multiplexing the uplink data
channel with the uplink control channel, or when mapping
the uplink data channel on a first layer and spatially mul-
tiplexing the uplink data channel with the uplink control
channel to transmit, the control section 401 may perform
to map the uplink control channel on the first layer and
the uplink data channel on a second layer (FIG. 7). In
this regard, the number of layers is not limited to two, and
the uplink data channel or/and the uplink control channel
may be mapped on a plurality of layers.
[0111] Further, the control section 401 may perform to
spatially multiplex the uplink data channel and the uplink
control channel on radio resources indicated by the single
layer 1 control signal received by each transmission/re-
ception section 203 or the layer 1 control signal of each
layer (FIG. 8).
[0112] Alternatively, the control section 401 may per-
form control to electrically multiplex (non-orthogonal mul-
tiplexing) the uplink data channel and the uplink control
channel on identical radio resources to transmit.
[0113] The control section 401 can be composed of a
controller, a control circuit or a control apparatus de-
scribed based on the common knowledge in the technical
field according to the present invention.
[0114] The transmission signal generating section 402
generates an uplink signal (including an uplink control
signal, an uplink data signal and an uplink reference sig-
nal) based on an instruction from the control section 401,
and outputs the uplink signal to the mapping section 403.
For example, the transmission signal generating section
402 generates an uplink control channel including UCI.
Further, the transmission signal generating section 402
generates an uplink data channel including uplink user
data.
[0115] More specifically, the transmission signal gen-
erating section 402 generates uplink reference signals
orthogonal or quasi-orthogonal between layers based on
an instruction from the control section 401. More specif-
ically, the transmission signal generating section 402
may generate the uplink reference signal of each layer
by using sequences orthogonal or quasi-orthogonal be-
tween the layers.
[0116] The transmission signal generating section 402
can be composed of a signal generator, a signal gener-
ation circuit and a signal generating apparatus described
based on the common knowledge in the technical field
according to the present invention.
[0117] The mapping section 403 maps the uplink signal
(e.g. an uplink control channel, an uplink data channel
and an uplink reference signal) generated by the trans-
mission signal generating section 402, on radio resourc-
es based on the instruction from the control section 401,
and outputs the uplink signal to the transmission/recep-
tion section 203. The mapping section 403 can be com-
posed of a mapper, a mapping circuit or a mapping ap-

paratus described based on the common knowledge in
the technical field according to the present invention.
[0118] The received signal processing section 404 per-
forms reception processing (e.g. demapping, demodula-
tion and decoding) on the downlink signal (including a
downlink control channel (L1 control signal) and a down-
link data channel). The received signal processing sec-
tion 404 outputs information received from the radio base
station 10 to the control section 401. The received signal
processing section 404 outputs, for example, broadcast
information, system information, control information of
higher layer signaling such as RRC signaling and a DCI
to the control section 401.
[0119] The received signal processing section 404 can
be composed of a signal processor, a signal processing
circuit or a signal processing apparatus described based
on the common knowledge in the technical field accord-
ing to the present invention. Further, the received signal
processing section 404 can configure the reception sec-
tion according to the present invention.
[0120] The measurement section 405 measures a
channel state based on a downlink reference signal (e.g.
a CRS or a CRI-RS) from the radio base station 10, and
outputs a measurement result to the control section 401.
[0121] The measurement section 405 can be com-
posed of a signal processor, a signal processing circuit
or a signal processing apparatus and a measurement
instrument, a measurement circuit or a measurement ap-
paratus described based on the common knowledge in
the technical field according to the present invention.
[0122] In addition, the block diagrams used to describe
the Embodiment illustrate blocks in function units. These
function blocks (components) are realized by an arbitrary
combination of hardware and software. Further, means
for realizing each function block is not limited in particular.
That is, each function block may be realized by one phys-
ically jointed apparatus or may be realized by a plurality
of apparatuses formed by connecting two or more phys-
ically separate apparatuses by wires or by radio.
[0123] For example, part or all of the functions of the
radio base station 10 and the user terminal 20 may be
realized by using hardware such as an ASIC (Application
Specific Integrated Circuit), a PLD (Programmable Logic
Device) and a FPGA (Field Programmable Gate Array).
Further, the radio base station 10 and the user terminal
20 may be realized by a computer apparatus including a
processor (CPU: Central Processing Unit), a network
connection communication interface, a memory, and a
computer-readable storage medium that stores pro-
grams. That is, the radio base stations and the user ter-
minal according to one Embodiment of the present in-
vention may function as a computer that performs
processing of the radio communication method accord-
ing to the present invention.
[0124] In this regard, the processor and the memory
are connected by a bus that communicates information.
Further, the computer-readable recording medium is, for
example, a storage medium such as a flexible disk, a
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magnetooptical disk, a ROM (Read Only Memory), an
EPROM (Erasable Programmable ROM), a CD-ROM
(Compact Disc-ROM), a RAM (Random Access Memo-
ry) or a hard disk. Furthermore, the programs may be
transmitted from a network via telecommunications lines.
Still further, the radio base station 10 and the user termi-
nal 20 may include an input apparatus such as an input
key or an output apparatus such as a display.
[0125] Function configurations of the radio base sta-
tion 10 and the user terminal 20 may be realized by the
above-described hardware, may be realized by a soft-
ware module executed by the processor or may be real-
ized by a combination of both. The processor causes an
operating system to operate and control the entire user
terminal. Further, the processor reads programs, a soft-
ware module or data from the storage medium out to the
memory, and executes various types of processing ac-
cording to the program, the software module or the data.
[0126] In this regard, the programs need to be pro-
grams that cause the computer to execute respective
operations described in the above Embodiment. For ex-
ample, the control section 401 of the user terminal 20
may be realized by a control program stored in the mem-
ory and operated by the processor or other function
blocks may be realized likewise, too.
[0127] Further, software and instructions may be trans-
mitted and received via transmission media. When, for
example, the software is transmitted from websites, serv-
ers or other remote sources by using wired techniques
such as coaxial cables, optical fiber cables, twisted pairs
and digital subscriber lines (DSL) and/or radio techniques
such as infrared rays, radio waves and microwaves,
these wired techniques and/or radio technique are in-
cluded in a definition of the transmission media.
[0128] In this regard, each term that is described in this
Description and/or is necessary to understand this De-
scription may be replaced with terms having identical or
similar meanings. For example, a channel and/or a sym-
bol may be a signal (signaling). Further, a signal may be
a message. Furthermore, a Component Carrier (CC) may
be called a carrier frequency and a cell.
[0129] Still further, the pieces of information and pa-
rameters described in this Description may be expressed
by absolute values, may be expressed by relative values
of predetermined values or may be expressed by other
pieces of corresponding information. For example, a ra-
dio resource may be indicated by an index.
[0130] The pieces of information and the signals de-
scribed in this Description may be represented by using
one of various different techniques. For example, the da-
ta, the instructions, the commands, the pieces of infor-
mation, the signals, the bits, the symbols and the chips
mentioned in the above description may be represented
by voltages, currents, electromagnetic waves, magnetic
fields or magnetic particles, optical fields, photons or ar-
bitrary combinations thereof.
[0131] Each Aspect/Embodiment described in this De-
scription may be used alone, may be used in combination

or may be switched and used when carried out. Further,
notification of predetermined information (e.g. notifica-
tion of "being X") may be not only explicitly performed
but also implicitly performed (e.g. this predetermined in-
formation is not notified).
[0132] Notification of information is not limited to the
Aspects/Embodiment described in this Description and
may be performed by other methods. For example, the
notification of the information may be performed by phys-
ical layer signaling (e.g. DCI (Downlink Control Informa-
tion) and UCI (Uplink Control Information)), higher layer
signaling (e.g. RRC (Radio Resource Control) signaling,
MAC (Medium Access Control) signaling, broadcast in-
formation (MIB (Master Information Block) and SIB (Sys-
tem Information Block))), other signals and combinations
thereof. Further, the RRC signaling may be referred to
as a RRC message and may be, for example, a RRC
connection setup message or a RRC connection recon-
figuration message.
[0133] Each Aspect/Embodiment described in this De-
scription may be applied to LTE (Long Term Evolution),
LTE-A (LTE-Advanced), SUPER 3G, IMT-Advanced,
4G, 5G, FRA (Future Radio Access), CDMA2000, UMB
(Ultra Mobile Broadband), IEEE 802.11 (Wi-Fi), IEEE
802.16 (WiMAX), IEEE 802.20, UWB (Ultra-WideBand),
Bluetooth (registered trademark), systems that use other
appropriate systems and/or next-generation systems
that are enhanced based on these systems.
[0134] Orders of the processing procedures, the se-
quences and the flowchart of each Aspect/Embodiment
described in this Description may be rearranged unless
contradictions arise. For example, the method described
in this Description presents various step elements in an
exemplary order and is not limited to the presented spe-
cific order.
[0135] As described above, the present invention is
specifically described, but it is obvious to a person skilled
in the art that the present invention is not limited to the
Embodiment described in the Description. The present
invention is capable of being carried into practice as mod-
ified and changed aspects without departing from the
subject matter and scope of the present invention defined
by the description of the scope of the claims. Accordingly,
the description of the Description is intended for illustra-
tive explanation, and does not have any restrictive mean-
ing to the present invention.
[0136] The present application is based on Japanese
Patent Application No. 2015-171453 filed on August 31,
2015, entire content of which is expressly incorporated
by reference herein.

Claims

1. A user terminal comprising:

a control section that maps an uplink data chan-
nel and an uplink control channel on different
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layers; and
a transmission section that multiplexes on an
identical radio resource the uplink data channel
and the uplink control channel mapped on the
different layers to transmit.

2. The user terminal according to claim 1, wherein the
transmitting section maps uplink reference signals
orthogonal or quasi-orthogonal between layers, on
an identical resource element to transmit.

3. The user terminal according to claim 1 or 2, wherein
the transmission section spatially multiplexes the up-
link data channel and the uplink control channel on
the identical radio resource to transmit.

4. The user terminal according to claim 3, further com-
prising a reception section that receives instruction
information for instructing spatial multiplexing of the
uplink data channel and the uplink control channel
by higher layer signaling,
wherein the control section maps the uplink data
channel and the uplink control channel on the differ-
ent layers when the instruction information instructs
the spatial multiplexing.

5. The user terminal according to claim 4, wherein
the reception section receives layer information in-
dicating the layers that the uplink data channel and
the uplink control channel are mapped on by the
higher layer signaling or a layer 1 control signal, and
the control section maps the uplink data channel and
the uplink control channel on the different layers
based on the layer information.

6. The user terminal according to claim 4, wherein the
control section
maps the uplink data channel on a first layer when
transmitting the uplink data channel without spatially
multiplexing the uplink data channel with the uplink
control channel, and
maps the uplink control channel on the first layer and
the uplink data channel on a second layer when spa-
tially multiplexing and transmitting the uplink data
channel and the uplink control channel.

7. The user terminal according to any one of claims 4
to 6, wherein the reception section receives a single
layer 1 control signal indicating a radio resource
commonly allocated to the uplink data channel and
the uplink control channel, receives the single layer
1 control signal indicating both of a radio resource
allocated to the uplink data channel and a radio re-
source allocated to the uplink control channel, or re-
ceives a plurality of layer 1 control signals individually
indicating the radio resource allocated to the uplink
data channel and the radio resource allocated to the
uplink control channel, and

the transmission section spatially multiplexes the up-
link data channel and the uplink control channel on
the radio resource indicated by the single layer 1
control signal the plurality of layer 1 control signals
to transmit.

8. The user terminal according to claim 1 or 2, wherein
the transmission section performs electrical multi-
plexing on the uplink data channel and the uplink
control channel on the identical radio resource to
transmit.

9. A radio base station comprising:

a reception section that receives an uplink data
channel and an uplink control channel mapped
on different layers and multiplexed on an iden-
tical radio resource; and
a control section that demultiplexes the uplink
data channel and the uplink control channel.

10. A radio communication method of a user terminal
and a radio base station comprising: at the user ter-
minal,
mapping an uplink data channel and an uplink control
channel on different layers; and
multiplexing on an identical radio resource the uplink
data channel and the uplink control channel mapped
on the different layers.
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