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(54) APPARATUS FOR ALLOCATING ACK/NACK RESOURCES AND A CORRESPONDING 
METHOD

(57) The purpose of the present invention is to avoid
ACK/NACK collision in a system in which E-PDCCH con-
trol information is transmitted, increase the utilization ef-
ficiency of ACK/NACK resources, and suppress unnec-
essary PUSCH band reduction. A wireless communica-
tions terminal having a configuration comprising: a re-
ception unit that receives control signals including
ACK/NACK indexes, via an expanded physical downlink

control channel; a control unit that determines, on the
basis of the ACK/NACK indexes, whether to use a dy-
namically allocated dynamic ACK/NACK resource or a
specified resource specified beforehand, to send down-
link data ACK/NACK signals; and a transmission unit that
sends the ACK/NACK signals using the dynamic
ACK/NACK resource or the specified resource, as deter-
mined.
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Description

Technical Field

[0001] The present invention relates to a radio communication terminal, a base station apparatus, and an ACK/NACK
signal resource allocation method.

Background Art

[0002] The 3GPP (3rd Generation Partnership Project Radio Access Network) has established LTE (Long Term Ev-
olution) Rel. 8 (Release 8) and the extended version of LTE, which is LTE Rel. 10 (LTE-Advanced). In these standards,
a base station, and a radio communication terminal (also called "UE (User Equipment)" and referred to below as a
terminal) transmit control information for transmitting and receiving data using a downlink PDCCH (physical downlink
control channel) (refer to Non-Patent Literature 1 to 3). FIG. 1 shows the subframe configuration of the downlink. In the
subframes, the PDCCH that transmits a control signal and the PDSCH (physical downlink shared channel) that transmits
a data signal are time-division multiplexed. The terminal first decodes the control information transmitted to the terminal
through the PDCCH and obtains information regarding a frequency allocation required for data reception on the downlink,
and adaptive control, for example. The terminal then decodes data for the terminal that is included in the PDSCH, based
on the control information. If control information that grants data transmission on the uplink is included in the PDCCH,
the terminal transmits data on the PUSCH (physical uplink shared channel) of the uplink, based on the control information.
[0003] In order to transmit and receive data on the downlink, an HARQ (hybrid automatic request) combining error
correction decoding and an automatic retransmission request has been introduced. After performing error correction
decoding, the terminal judges whether or not the data is correctly decoded, based on a CRC (cyclic redundancy checksum)
appended to the data. If the decoding is successful, the terminal feeds back an ACK to the base station. If, however,
the decoding fails, the terminal feeds back a NACK to the base station, prompting retransmission of the data in which
an error is detected. The feedback of ACK/NACK (acknowledge response; hereinafter referred to as "A/N") is transmitted
on the uplink. If data is not assigned to the PUSCH at the time of transmission, transmission is performed on the PUCCH
(physical uplink control channel). If, however, data is assigned to the PUSCH at the time of A/N transmission, A/N is
transmitted on either the PUCCH or the PUSCH. When this is done, the base station instructs the terminal beforehand
as to whether transmission is to be done on the PUCCH or the PUSCH. FIG. 2 shows the uplink subframe configuration
that includes the PUSCH and the PUCCH.
[0004] If A/N is transmitted on the PUCCH, there are situations to be handled differently. For example, if the A/N
transmission overlaps with the feedback of CSI (channel state information) periodically transmitted on the uplink, the
PUCCH formats 2a/2b are used. On the downlink, if carrier aggregation, in which transmission is performed using a
plurality of carriers that are bundled together, is set to ON, and also the number of carriers is at least three, the PUCCH
format 3 is used. However, regardless of whether carrier aggregation is OFF or ON, if the number of carriers is two or
fewer and there is no control information other than A/N and other than an uplink scheduling request, even if the number
of carriers does not exceed two, the PUCCH formats 1a/1b are used. In considering that downlink data is transmitted
more frequently than uplink data, and also considering that the period of CSI feedback is not more frequent than the
period of downlink data assignment, A/N is most often transmitted by the PUCCH formats 1a/1b. The following description
will focus on the PUCCH formats 1a/1b.
[0005] FIG. 3 shows the slot configuration of the PUCCH formats 1a/1b. The A/N signals transmitted by a plurality of
terminals are distributed by the Walsh sequence having a length-4 sequence and a DFT (discrete Fourier transform)
sequence having a length-3 sequence and are code multiplexed and received at the base station. In FIG. 3, (W0, W1,
W2, W3) and (Fo, F1, F2) represent, respectively, the above-noted Walsh sequence and DFT sequence. At the terminal,
a signal representing either ACK or NACK first undergoes primary spreading to frequency components corresponding
to 1SC-FDMA symbols by a ZAC (zero auto-correlation) sequence (with a subcarrier having a length-12 sequence) in
the frequency domain. That is, a ZAC series having a series length of 12 is multiplied by an A/N signal component
represented by a complex number. Then, the A/N signal after primary spreading and the ZAC series as a reference
signal undergo secondary spreading by a Walsh sequence (W0 to W3 of a length-4 sequence, also called a Walsh code
sequence) and a DFT sequence (Fo to F2 of a length-3 sequence). That is, each component of a signal having a length-
12 sequence (an A/N signal after primary spreading or a ZAC sequence (reference signal sequence)) is multiplied by
each component of an orthogonal sequence (for example, a Walsh sequence or a DFT sequence). Additionally, the
signal after secondary spreading is converted by an IFFT (inverse fast Fourier transform) to a length-12 sequence
(subcarrier) signal in the time domain. Then, a CP (cyclic prefix) is added to each signal after the IFFT, thereby forming
a one-slot signal made up of seven SC-FDMA symbols.
[0006] A/N signals from different terminals having different cyclic shift indexes are spread using ZAC sequences
corresponding to different cyclic shift indexes and an orthogonal code sequences corresponding to different orthogonal
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cover indexes (OC indexes). The orthogonal code sequence is a set of a Walsh sequence and a DFT sequence. The
orthogonal code sequence is also called a block-wise spreading code sequence. Therefore, by using the conventional
despreading and correlation processing, the base station can demultiplex the plurality of A/N signals that have been
code multiplexed and cyclic shift multiplexed. Because there is a limit to the number of A/N signals that can be code
multiplexed and cyclic shift multiplexed per frequency resource block (RB), if the number of terminals becomes large,
frequency multiplexing is performed using different RBs. In the following, the code-RB resource in which A/N is transmitted
will be called the A/N resource. The A/N resource number is determined by the number of the RB in which A/N is
transmitted and the code number and cyclic shift value in the RB. Because multiplexing by cyclic shifting of the ZAC
sequence can be treated as a type of code multiplexing, there will be cases in which orthogonal code and cyclic shift
will be collectively called code in the following description.
[0007] In LTE, in order to reduce interference from other cells on the PUCCH, the ZAC sequence to be used is
determined based on the cell ID. Because the mutual correlation between different ZAC sequences is small, by using
different ZAC sequences between different cells, the interference can be reduced. Also, in the same manner, sequence
hopping and cyclic shift hopping based on the cell ID has been introduced. With this hopping, shifting is done cyclically
in units of SC-FDMA symbols, using a cyclic shift hopping pattern, while mutual correlation on the cyclic shift axis and
orthogonal code axis are maintained. Doing this enables randomization of combinations of A/N signals that are strongly
interfered by other cells, while the mutual orthogonal relationship between A/N signals are maintained within a cell, and
also enables removal of continuous strong interference to only some of the terminals from other cells.
[0008] In the description to follow, the description will be of the case in which a ZAC sequence is used for primary
spreading, and a block-wise spreading code sequence is used for secondary spreading. However, for the primary
spreading, rather than using a ZAC sequence, sequences that are mutually separable by mutually different cyclic shift
values may be used. For example, a GCL (general chirp-like) sequence, a CAZAC (constant amplitude zero auto
correlation) sequence, a ZC (Zadoff-Chu) sequence, a PN sequence such as an M sequence or an orthogonal Gold
code sequence, or a computer-generated random sequence having sharp autocorrection characteristics may be used
for the primary spreading. As long as the sequence can be treated as being mutually orthogonal or substantially mutually
orthogonal, any sequence can be used as a block-wise spreading code sequence for the secondary spreading. For
example, a Walsh sequence or a Fourier sequence or the like can be used as a block-wise spreading code sequence
for the secondary spreading.
[0009] In LTE, as a method of allocating different A/N resources to different terminals, allocation is used that is based
on control information mapping results of the PDCCH. That is, using the fact that PDCCH control information is not
mapped onto the same resources between a plurality of terminals, a one-to-one correspondence is established between
the PDCCH resources and the PUCCH formats 1a/1b A/N resources (hereinafter described simply as A/N resources).
This will be described below.
[0010] The PDCCH is made up of one or more L1/L2 CCHs (L1/L2 control channels). Each L1/L2 CCH is made up of
one or more CCEs (control channel elements). That is, a CCE is the basic unit of mapping control information onto a
PDCCH. Also, when one L1/L2 CCH is made up of a plurality (2, 4, or 8) of CCEs, a plurality of continuous CCEs with
a CCE having an even-numbered index as the origin is allocated to that L1/L2 CCH. The base station, in accordance
with the number of CCEs necessary for notification of control information to the subject terminal to which resources are
to be allocated, allocates an L1/L2 CCH to the terminal to which the resources are to be allocated. The base station
then maps the control information onto the physical resources corresponding to the CCE of that L1/L2 CCH. In this case,
there is a one-to-one correspondence between each CCE and A/N resource. Therefore, a terminal that has received
an L1/L2 CCH identifies the A/N resources corresponding to the CCEs making up that L1/L2CCH, and uses those
resources (that is, codes and frequencies) to transmit the A/N signal to the base station. However, in the case of the
L1/L2CCH occupying a plurality of continuous CCEs, the terminal uses an A/N resource corresponding to the CCE
having the smallest index of a plurality of PUCCH constituent resources corresponding to a plurality of CCE (that is, the
A/N resource that has been associated with the CCE having a CCE index that is even number) to transmit the A/N signal
to the base station. Specifically, the A/N resource number nPUCCH is established by the following equation (Non-Patent
Literature 3).
[1] 

[0011] In this case, the above-noted A/N resource number nPUCCH is the above-described A/N resource number, N
is the A/N resource offset value given in common within the cell, and nCCE is the number of the CCE onto which the
PDCCH is mapped. According to Equation 1, it can be seen that, in accordance with the range that can be taken by
nCEE, an A/N resource within a certain range can be used. In the following, the A/N that determines the resources
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dependent upon the control information scheduling of the PDCCH in this manner will be noted as D-A/N (dynamic A/N
(dynamic ACK/NACK)).
[0012] As described above, the A/N resources include frequency resources in addition to code resources. Because
the PUCCH and the PUSCH use the same frequency band in the uplink, there is a tradeoff between the region of the
PUCCH that includes the D-A/N and the bandwidth of the PUSCH.

Citation List

Non-Patent Literature

[0013]

NPL 1
3GPP TS 36.211 V10.4.0, "Physical Channels and Modulation (Release 10)," Dec. 2011
NPL2
3GPP TS 36.212 V10.4.0, "Multiplexing and Channel Coding (Release 10)," Dec. 2011
NPL3
3GPP TS 36.213 V10.4.0, "Physical layer procedures (Release 10)," Dec. 2011.
NPL4
3GPP RAN1#68bis, R1-121352, "PUCCH resource management for CoMP scenarios," Sharp, March 2012.
NPL5
3GPP RAN1#68bis, R1-121158, "PUCCH enhancement for UL CoMP," Panasonic, March 2012.

Summary of Invention

Technical Problems

[0014] Because the PDCCH has a limited region for the assignment of control information, the number of terminals
and amount of control information that can be assigned simultaneously is limited. Also, the PDCCH is supposed to be
received in accordance with cell-specific parameters. Because the PDCCH is dependent on the cell-specific parameters,
there is a problem in that the PDCCH is not suitable for CoMP (coordinated multipoint) operation in which there is
coordination between a plurality of cells or an HetNet (heterogeneous network) in which pico base stations are disposed
and operated within a cell formed by a macro base station. In this respect, the adoption of an E-PDCCH (enhanced
PDCCH (enhanced downlink control channel)) as a new control channel different from the PDCCH, is under discussion
in Re1.11.
[0015] Adoption of the E-PDCCH enables an increase in the control information region. Additionally, the E-PDCCH
has the advantage of enabling flexible control information allocation that is not restricted by the settings in units of cells.
For this reason, adoption of the E-PDCCH is expected to enable operation suitable in particular for CoMP, in which
coordination is made between cells, and for HetNet, in which inter-cell interference control is important.
[0016] When the E-PDCCH is adopted, however, unless some measure is taken, it is expected that collision can occur
in the uplink A/N between a terminal controlled by the E-PDCCH control information and a terminal controlled by the
PDCCH control information. Alternatively, a problem can be expected in which the PUSCH band is reduced, if excessive
A/N resources are reserved wastefully to prevent collision.
[0017] An object of the present invention is to provide a radio communication terminal, a base station apparatus, and
a resource allocation method that, while preventing A/N collision, increase the A/N resource utilization efficiency and
that cause no unnecessary reduction of the PUSCH band in a system that transmits E-PDCCH control information.

Solution to Problem

[0018] A radio communication terminal according to an aspect of the present invention includes: a receiving section
that receives, via an enhanced physical downlink control channel, a control signal including an ACK/NACK indicator; a
control section that determines, based on the ACK/NACK indicator, whether to transmit an ACK/NACK signal for downlink
data using a dynamic ACK/NACK resource dynamically allocated or using a specific resource specified beforehand;
and a transmitting section that transmits the ACK/NACK signal using the determined dynamic ACK/NACK resource or
specific resource.
[0019] A radio communication terminal according to an aspect of the present invention includes: a receiving section
that receives, via an enhanced physical downlink control channel, a control signal including an ACK/NACK indicator; a
control section that selects, based on the ACK/NACK indicator, one of a plurality of dynamic ACK/NACK regions separated
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from each other in the frequency domain, and that determines, from among a plurality of resources included in the
selected dynamic ACK/NACK region, a dynamic ACK/NACK resource used for transmitting an ACK/NACK signal for
downlink data, in accordance with the control signal; and a transmitting section that transmits the ACK/NACK signal
using the determined dynamic ACK/NACK resource in the selected dynamic ACK/NACK resource region.
[0020] A base station apparatus according to an aspect of the present invention includes: a control section that de-
termines to which of a plurality of dynamic ACK/NACK regions separated from each other in the frequency domain, a
resource used for transmitting an ACK/NACK signal for downlink data from a radio communication terminal is to be
allocated; and a transmitting section that transmits a control signal including an ACK/NACK indicator representing the
results of determination made by the control section, using a control channel element associated with the resource used
for transmitting the ACK/NACK signal on an enhanced physical downlink control channel.
[0021] A base station apparatus according to an aspect of the present invention includes: a control section that select
one of a plurality of dynamic ACK/NACK regions separated from each other in the frequency domain, as a dynamic
ACK/NACK region to which a resource used for transmitting an ACK/NACK signal for downlink data from a radio com-
munication terminal is to be allocated, and determines a resource used for transmitting the ACK/NACK signal from
among a plurality of dynamic ACK/NACK resources included in the selected dynamic ACK/NACK region; and a trans-
mitting section that transmits a control signal including an ACK/NACK indicator representing the results of determination
made by the control section, using a control channel element associated with the resource used for transmitting the
ACK/NACK signal on an enhanced physical downlink control channel.
[0022] A resource allocation method according to an aspect of the present invention includes: receiving a control signal
including an ACK/NACK indicator via an enhanced physical downlink control channel; and determining, based on the
ACK/NACK indicator, whether an ACK/NACK signal for downlink data is to be transmitted using a dynamic ACK/NACK
resource dynamically allocated or is to be transmitted using a specific resource specified beforehand.
[0023] A resource allocation method according to an aspect of the present invention includes: receiving a control signal
including an ACK/NACK indicator via an enhanced physical downlink control channel; and selecting, based on the
ACK/NACK indicator, one of a plurality of dynamic ACK/NACK regions separated from each other in the frequency
domain, and determining from among a plurality of resources included in the selected dynamic ACK/NACK region, a
dynamic ACK/NACK resource used for transmitting an ACK/NACK signal for downlink data, in accordance with the
control signal.

Advantageous Effects of Invention

[0024] According to the present invention, in the case where control information is transmitted on the enhanced physical
downlink control channel and the physical downlink control channel, it is possible to increase the A/N resource utilization
efficiency and to avoid an unnecessary reduction of the PUSCH band while avoiding collision between A/N signals for
downlink data.

Brief Description of Drawings

[0025]

FIG. 1 is a drawing showing the subframe configuration of the downlink;
FIG. 2 is a drawing showing the subframe configuration of the uplink;
FIG. 3 is a drawing describing the method of spreading of the A/N signal in the PUCCH formats 1a/1b;
FIG. 4 is a drawing showing an example of the subframe configuration of the downlink at the time of E-PDCCH
transmission;
FIG. 5 is a drawing showing the system configuration when E-PDCCH is adopted;
FIGS. 6A and 6B are drawings showing examples in which the D-A/N region for a PDCCH terminal and the D-A/N
region for an E-PDCCH terminal are set;
FIGS. 7A and 7B are drawings showing examples in which different A/N resources are allocated to four E-PDCCH
terminals, respectively;
FIG. 8 is a block diagram showing the main parts of a base station of Embodiment 1;
FIG. 9 is a block diagram showing the details of the base station of Embodiment 1;
FIG. 10 is a block diagram showing the main parts of a terminal in Embodiment 1;
FIG. 11 is a block diagram showing the details of the terminal in Embodiment 1;
FIG. 12 is a drawing showing an example of E-PDCCH scheduling in Embodiment 1;
FIG. 13 a drawing describing A/N resources of an E-PDCCH terminal switched based on AI;
FIG. 14 is a drawing showing an example of the configuration of a communication system supporting CoMP scenario
4;
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FIG. 15 is a drawing showing a situation in which A/N signals interfere with each other in a communication system
supporting CoMP scenario 4;
FIG. 16 is a drawing showing an example in which two D-A/N regions are set for a PDCCH terminal;
FIG. 17 is a drawing showing an example of E-PDCCH operation accommodating CoMP scenario 4;
FIG. 18 is a drawing showing a mapping example of PDCCH control information in Embodiment 2;
FIG. 19 is a drawing showing an example of A/N resource allocation to a PDCCH terminal in Embodiment 2; and
FIG. 20 is a drawing showing an example of A/N resource allocation to an E-PDCCH terminal and a PDCCH terminal
in Embodiment 2.

Description of Embodiments

[0026] Embodiments of the present invention will be described in detail below, with references made to the drawings.

(Embodiment 1)

<Background of Obtaining an Embodiment of the Present Invention>

[0027] First, before describing the specific configuration and operation of Embodiment 1, one method that the inventors
of the present invention have noticed as a method for allocating A/N resources in the case of adopting the E-PDCCH
will be described.
[0028] FIG. 4 shows an example of the downlink subframe at the time of E-PDCCH transmission. FIG. 5 shows the
system configuration when E-PDCCH is adopted.
[0029] As shown in FIG. 5, in a communication system adopting the E-PDCCH, it is expected that PDCCH terminals
and E-PDCCH terminals are mixed within one cell (the E-PDCCH terminals in FIG. 5 being shown in black). In this case,
a PDCCH terminal is a terminal that receives PDCCH control information for controlling its communication, and an E-
PDCCH terminal is a terminal that receives E-PDCCH control information for controlling its communication.
[0030] The E-PDCCH has the following features.

(1) Unlike the PDCCH, which is transmitted using resources common to all terminals, the E-PDCCH is transmitted
using frequency resource blocks that are assigned to each terminal individually.
(2) Unlike the PDCCH, which is demodulated using a reference signal that is common to all terminals within a cell,
the EPDCCH is demodulated using a cell-specific reference signal given for each terminal individually.
(3) Unlike the PDCCH, which is scrambled using a scramble code that is common to all terminals with a cell, the
EPDCCH is scrambled using a scramble code given for each terminal individually.
(4) Whether or not to transmit the E-PDCCH can be changed by a setting.

[0031] Therefore, adopting the E-PDCCH enables flexible control information assignment without restriction by the
setting in units of cells in addition to increasing the region of the control information. Because there is no restriction by
the setting in units of cells, adopting of the E-PDCCH is expected to enable operation suitable in particular for CoMP,
in which coordination is made between cells, and for HetNet, in which inter-cell interference control is important.
[0032] With regard to the A/N feedback for the PDSCH assigned using the E-PDCCH as control information, the
following problem occurs. Specifically, it is necessary to establish the D-A/N resources allocated to an E-PDCCH terminal
so that they do not collide with the D-A/N resources used by a PDCCH terminal, and also so that there is no wasteful
consumption of uplink resources.
[0033] The simplest method is to establish the A/N resource number as shown in the following equation, for example,
using the fact that the E-PDCCH is constituted by one or more eCCEs (enhanced control channel elements), similar to
the PDCCH.
[2] 

[0034] In the above, nPUCCH
E-PDCCH is the resource number with which the E-PDCCH terminal transmits the A/N, Ne

is the A/N resource offset value, and neCCE is the number of the eCCE to which the E-PDCCH is mapped. Also, Ne is
the D-A/N resource offset parameter, and this may be a cell-specific value, or a value given independently for each
terminal individually. The function f(a, b) is f(a, b)=a+b, for example.
[0035] This method has the advantage of not requiring notification of the A/N resource to each terminal, and also
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having no possibility of A/N collision between E-PDCCH terminals. However, it has difficulty in sharing the same resource
between the D-A/N of the PDCCH terminal given by Equation 1 and the D-A/N of the E-PDCCH given by Equation 2.
FIGS. 6A and 6B show this situation.
[0036] FIG. 6A and FIG. 6B show examples in which D-A/N regions for a PDCCH terminal and an E-PDCCH terminal
are set. FIG. 6A is an example in which the two D-A/N regions are caused to overlap, and FIG. 6B is an example in
which the two D-A/N regions are not caused to overlap.
[0037] In order to reserve broad PUSCH resources, it is necessary, as shown in FIG. 6A, to make a broad overlapping
part between the two D-A/N regions, and reduce the total PUCCH resource region. With this type of setting, however,
there is a risk of collision between the A/N signals of a PDCCH terminal and an E-PDCCH terminal. However, if a setting
is made, such as shown in FIG. 6B, so that there is no overlapping of shared resources, there is no possibility of A/N
signal collision. In this case, however, there is a great reduction of the amount of resources that can be allocated to the
PUSCH, leading to the problem of a decrease in the uplink throughput.
[0038] Another method is a method of using RRC (radio resource control) information or the like to allocate A/N
resources to each terminal beforehand.
[0039] FIG. 7A and FIG. 7B show examples in which mutually different A/N resources are allocated to four E-PDCCH
terminals. FIG. 7A is an example in which RRC notification A/N resources overlap in the D-A/N region, and FIG. 7B is
an example in which RRC notification A/N resources do not overlap in the D-A/N region.
[0040] In this case as well, similar to using D-A/N, in the example of FIG. 7A, there is a risk of collision between the
A/N signals of PDCCH and E-PDCCH terminals. In order to eliminate the possibility of A/N collision, it is necessary, as
shown in FIG. 7B, to set the A/N resources of the E-PDCCH terminal outside the D-A/N resources of the PDCCH terminal.
Doing this, however, reduces the PUSCH transmission band, causing a decrease in the uplink throughput.
[0041] Given the above, a communication system of Embodiment 1 simultaneously achieves (1) making the probability
of collision between A/N signals of a PDCCH terminal and an E-PDCCH terminal zero and (2) increasing the utilization
efficiency of the A/N resources of the PDCCH and E-PDCCH terminals.

[Overview of Communication System]

[0042] The communication system of Embodiment 1, as shown in the example of FIG. 5, includes one base station
100 and a plurality of terminals 200 or the like within a cell.

[Configuration of Base Station 100]

[0043] FIG. 8 is a block diagram showing the main parts of the base station.
[0044] Base station 100, as shown in FIG. 8, has control section 110 that generates a plurality of pieces of control
information to be transmitted to a plurality of terminals 200, respectively, and transmitting section 120 that converts
control information and transmission data to a radio transmission signal and transmits the signal by radio via antenna 11.
[0045] Control section 110 generates control information for each terminal 200 from downlink resource allocation
information or the like, and also distinguishes, based on resource allocation information and the like, whether the A/N
resources allocated to the E-PDCCH terminals are to be D-A/N region resources (called D-A/N resources) or notification
A/N resources specified beforehand by RRC signaling (corresponding to specified resources).
[0046] Specifically, control section 110 allocates D-A/N resources to each E-PDCCH terminal with priority, to the extent
that there is no A/N resource collision between the plurality of PDCCH and E-PDCCH terminals. That is, eCCEs that
are associated one-to-one with these D-A/N resources are successively reserved for transmission of E-PDCCH terminal
control information. If allocation under this condition becomes difficult, control section 110 makes the A/N resources to
be allocated to the remaining E-PDCCH terminals RRC notification A/N resources. The allocation of these A/N resources
may be done by a higher-level node in the network, with the control section 110 receiving the allocation result and
distinguishing which A/N resource has been allocated.
[0047] Control section 110 generates E-PDCCH terminal control information including an A/N indicator (hereinafter
called "AI (ACK/NACK indicator)") indicating the distinguishing result and transmits it to transmitting section 120.
[0048] Transmitting section 120 transmits, by radio, the signals through the channels, which include transmission data
and control data. That is, transmitting section 120 transmits, respectively, transmission data by the PDSCH, PDCCH
terminal control information by the PDCCH, and E-PDCCH terminal control information by the E-PDCCH.
[0049] FIG. 9 is a block diagram showing the details of the base station.
[0050] In detail, base station 100, as shown in FIG. 9, includes antenna 11, control information generation section 12,
control information coding section 13, modulation sections 14 and 17, data coding section 15, retransmission control
section 16, subframe configuration section 18, IFFT section 19, CP appending section 20, radio transmitting section 21,
and the like. Base station 100 also includes radio receiving section 22, CP removal section 23, despreading section 24,
correlation processing section 25, judgment section 26, and the like.
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[0051] Of these constituent elements, control information generation section 12 functions mainly as control section
110, and the constituent elements from control information coding section 13 to radio transmitting section 21 and data
coding section 15 to radio transmitting section 21 function mainly as transmitting section 120.
[0052] Base station 100 transmits the PDCCH, the E-PDCCH, and the PDSCH on the downlink and also receives the
PUCCH carrying the A/N signal on the uplink. In this case, to avoid having the description become complex, the constituent
elements related to the downlink transmission of the PDCCH, E-PDCCH, and PDSCH, which are closely connected
with the features of the present embodiment, and the uplink reception of the PUCCH with respect to that downlink data
are mainly shown. The constituent elements related to uplink data reception are omitted in the illustration and descriptions.
[0053] The downlink control signal and data signal generated by base station 100 are each separately encoded,
modulated, and input to subframe configuration section 18.
[0054] First, the generation of the control signal will be described. Control information generation section 12 generates
the control information for each terminal 200, from the resource allocation results (resource allocation information) and
the coding rate information of each terminal 200 for which downlink allocation is to be done. The control information for
each terminal 200 includes terminal ID information indicating for which terminal 200 the control information is intended.
For example, the CRC bit masked by the ID number of terminal 200 that is the control information notification destination
is included in control information as the terminal ID information. In this case, different information is included in the control
information mapped onto the PDCCH and the control information mapped onto the E-PDCCH. In particular, AI, which
indicates whether transmission of an A/N signal for the PDSCH is to be done by an A/N resource with an appended
eCCE number or is to be done by an A/N resource of which a notification has been made by RRC beforehand is included
in the control information mapped onto the E-PDCCH. The generated control information for each terminal 200 is input
to control information coding section 13.
[0055] Control information coding section 13 independently encodes the control information for each terminal 200.
The encoding may be done with the control information mapped onto the PDCCH and the control information mapped
onto the E-PDCCH being either same or different. The output of control information coding section 13 is input to modulation
section 14.
[0056] Modulation section 14 independently modulates the control information of each terminal 200. The modulation
may be done with the control information mapped onto the PDCCH and the control information mapped onto the E-
PDCCH being either same or different. The output of modulation section 14 is input to subframe configuration section 18.
[0057] Next, the generation of the data signal will be described. Data coding section 15 appends a CRC bit that is
masked based on the ID of each terminal 200 to the data bit stream transmitted to each terminal 200 and performs error
correction coding. The output of data coding section 15 is input to retransmission control section 16.
[0058] Retransmission control section 16 holds the coded transmission data for each terminal 200 and outputs the
transmission data to modulation section 17 at the time of the first transmission. With respect to terminal 200 to which
the NACK signal has been input from judgment section 26, that is, terminal 200 that will perform retransmission, the
transmitted data for retransmission is output to modulation section 17.
[0059] Modulation section 17 performs data modulation of each of the data coded sequences for each terminal 200.
The modulated streams are input to subframe configuration section 18.
[0060] Subframe configuration section 18 maps the input control information sequences and data sequences onto
resources divided by the time and frequency of a subframe. By doing this, subframe configuration section 18 configures
and outputs subframes to IFFT section 19.
[0061] IFFT section 19 performs an IFFT (inverse fast Fourier transform) on the transmission subframes that are input
thereto, thereby obtaining a time waveform, which is input to CP appending section 20.
[0062] CP appending section 20 appends a CP to each OFDM symbol within the subframe and outputs the result to
radio transmitting section 21.
[0063] Radio transmitting section 21 performs radio modulation of the input symbols to the carrier frequency band and
transmits the modulated downlink signal via antenna 11.
[0064] Radio receiving section 22 receives, as input, an A/N signal of terminal 200 from antenna 11 and performs
radio demodulation on the input signal. The demodulated downlink signal is input to CP removal section 23.
[0065] CP removal section 23 removes the CP from each SC-FDMA (single carrier-frequency-division multiple access)
symbol within the downlink signal. After removal of the CPs, the symbols are input to despreading section 24.
[0066] In order to extract the A/N of the target terminal 200 from the A/N signals of a plurality of terminals 200 that
have been code multiplexed, despreading section 24 performs despreading by a corresponding orthogonal code. The
despread signal is output to correlation processing section 25.
[0067] Correlation processing section 25 performs correlation processing by a ZAC sequence in order to extract the
A/N. The signal after correlation processing is input to judgment section 26.
[0068] Judgment section 26 judges whether the A/N of terminal 200 is ACK or NACK. If the judgment result indicates
ACK, judgment section 26 prompts retransmission control section 16 to transmit the next data. If, however, the judgment
result indicates NACK, judgment section 26 prompts retransmission control section 16 to perform retransmission.
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[Configuration of Terminal 200]

[0069] FIG. 10 is a block diagram showing the main parts of a terminal.
[0070] Terminal 200 includes receiving section 230 that receives control information and downlink data via antenna
41, control section 220 that determines the resource used for transmitting the A/N signal, based on the control information,
and transmitting section 210 that transmits the A/N signal using the determined resource.
[0071] If terminal 200 is specified to receive E-PDCCH control information, terminal 200 becomes an E-PDCCH
terminal, and if terminal 200 is specified to receive PDCCH control information, terminal 200 becomes a PDCCH terminal.
[0072] Receiving section 230 receives received data via the PDSCH, and control information via the E-PDCCH or
PDCCH. That is, in the case of E-PDCCH terminal 200, receiving section 230 receives control information including AI
via the E-PDCCH, and in the case of PDCCH terminal, receives control information via the PDCCH. Receiving section
230 outputs the received control information to control section 220.
[0073] In the case of E-PDCCH terminal 200, control section 220 determines the transmission resource for the A/N
signal of the received data, based on the AI value, to be either a D-A/N resource or an RRC notification A/N resource.
In the case of PDCCH terminal 200, control section 220 determines the A/N signal transmission resource in the same
manner as a conventional PDCCH terminal. Control section 220 outputs the details of the determination to transmitting
section 210.
[0074] Transmitting section 210 uses the determined resource to transmit the A/N signal of the received data by radio.
[0075] FIG. 11 is a block diagram showing the details of a terminal.
[0076] As shown in FIG. 11, specifically, terminal 200 includes antenna 41, radio receiving section 42, CP removal
section 43, FFT section 44, extraction section 45, data demodulation section 46, data decoding section 47, judgment
section 48, control information demodulation section 49, control information decoding section 50, control information
judgment section 51, control processing section 52, A/N signal modulation section 53, primary spreading section 54,
IFFT section 55, CP appending section 56, secondary spreading section 57, multiplexing section 58, and radio transmitting
section 59. Terminal 200 also includes IFFT section 60, CP appending section 61, and spreading section 62.
[0077] Of the above constituent elements, control processing section 52 mainly functions as control section 220.
Constituent elements from A/N signal modulation section 53 to radio transmitting section 59 mainly function as transmitting
section 210, and constituent elements from radio receiving section 42 to judgment section 48 and from radio receiving
section 42 to control information judgment section 51 mainly function as receiving section 230.
[0078] Terminal 200 receives, on the downlink, control information mapped onto the PDCCH or E-PDCCH, and down-
link data mapped onto the PDSCH. Terminal 200 transmits the PUCCH on the uplink. In this case, to avoid having the
description become complex, only the constituent elements related to downlink reception (specifically, PDCCH, E-
PDCCH, and PDSCH), which are closely connected with the features of the present embodiment, and related to the
uplink transmission (specifically, PUCCH) with respect to the downlink received data are indicated.
[0079] Radio receiving section 42 inputs the input from antenna 42 that has received the downlink signal transmitted
from the base station, performs radio demodulation, and outputs the demodulated signal to CP removal section 43.
[0080] CP removal section 43 removes the CP from each OFDM symbol time waveform within the subframe and
outputs the result to FFT section 44.
[0081] FFT section 44 performs an FFT (fast Fourier transform) on the received time waveform in order to perform
demodulate OFDM (orthogonal frequency division multiplexing) demodulation, thereby obtaining a subframe in the
frequency domain. The obtained received subframe is input to extraction section 45.
[0082] Extraction section 45 extracts the control information intended for the terminal itself from either the PDCCH
region or the E-PDCCH region. Information indicating in which one of the PDCCH and the E-PDCCH the control infor-
mation is included is specified beforehand from the base station (not shown). Extraction section 45 extracts one or a
plurality of control information candidates from a control information region onto which the control information of the
terminal itself is possibly mapped, and outputs the candidate to control information demodulation section 49. When a
result is obtained from control information judgment section 51, extraction section 45 extracts a data signal intended for
the terminal from the received subframe based on the resource allocation result included in the control information
intended for the terminal. The obtained data signal is input to data demodulation section 46.
[0083] Control information demodulation section 49 demodulates one or more input control information and outputs
the result to control information decoding section 50.
[0084] Control information decoding section 50 decodes one or more input demodulated sequences. The decoding
result is input to control information judgment section 51.
[0085] Control information judgment section 51 judges, from the one or more decoding results, the control information
intended for the terminal, using the terminal ID information. The judgment uses, for example, the CRC bit that is masked
by the ID information of the terminal itself included in the control information. If there is control information intended for
the terminal itself, control information judgment section 51 outputs that control information to extraction section 45.
Control information judgment section 51 outputs the control information to control processing section 52.
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[0086] Control processing section 52 operates differently between the case of PDCCH terminal 200 and the case of
E-PDCCH terminal 200.
[0087] In the case of PDCCH terminal 200, control processing section 52 obtains the resource number of the A/N
signal based on Equation 1 from the number of the resource (CCE) onto which the control information is mapped. From
the obtained A/N signal resource number, control processing section 52 determines the spreading codes used for primary
spreading, secondary spreading, and the reference signal, and the frequency resource block (RB) transmitting the
PUCCH. This information is input to primary spreading section 54, secondary spreading section 57, and to spreading
section 62 of the reference signal.
[0088] In contrast, in the case of E-PDCCH terminal 200, control processing section 52, based on a value indicated
by the AI included in the control information, determines whether to obtain the resource number of the A/N signal by
Equation 2, or use the A/N resource indicated as RRC control information. In this case, it is assumed that the RRC
notification A/N resource is specified to terminal 200 by base station 100 beforehand (not shown). If terminal 200 is
specified to determine the A/N signal resource number in accordance with Equation 2, control processing section 52
determines from the determined A/N signal resource number each spreading code used for primary and secondary
spreading and the reference signal, and the frequency resource block (RB) for transmitting the A/N signal. Control
processing unit 52 notifies primary spreading section 54, secondary spreading section 57, and the reference signal
spreading section 62 of the corresponding spreading code. In contrast, if terminal 200 is specified to use the RRC
notification resource, control processing section 52 determines each spreading code used for primary spreading, sec-
ondary spreading, and the reference signal corresponding to that A/N resource number, and the frequency resource
block (RB) for transmitting the PUCCH. Control processing section 52 notifies primary spreading section 54, secondary
spreading section 57, and the reference signal spreading section 62 of the corresponding spreading code.
[0089] Data demodulation section 46 demodulates the input data signal intended for the terminal itself. The result of
the demodulation is input to data decoding section 47.
[0090] Data decoding section 47 decodes the input demodulated data. The result of the decoding is input to judgment
section 48.
[0091] Judgment section 48 uses the CRC masked by the ID of terminal 200 to judge whether or not the decoding
result is correct. If the decoding result is correct, judgment section 48 outputs the ACK signal to A/N signal modulation
section 53 and extracts the received data. If the decoding result is not correct, judgment section 48 outputs the NACK
signal to A/N signal modulation section 53.
[0092] A/N signal modulation section 53, depending upon whether the input signal is ACK or NACK, generates mod-
ulated symbols having different values. The generated demodulated symbol is input to primary spreading section 54.
[0093] Primary spreading section 54 uses the ZAC sequence input from control processing section 52 to perform
primary spreading of the A/N signal and outputs the A/N signal after primary spreading to IFFT section 55. In this case,
because the cyclic shift value used for cyclic shift hopping differs in units of SC-FDMA, primary spreading section 54
uses a different cyclic shift value for each SC-FDMA symbol to perform primary spreading of the A/N signal.
[0094] IFFT section 55 performs an IFFT of each SC-FDMA symbol input from primary spreading section 54 and
outputs the obtained time waveform to CP appending section 56.
[0095] CP appending section 56 appends a CP to each input SC-FDMA time waveform and outputs this signal to
secondary spreading section 57.
[0096] Secondary spreading section 57 uses a block-wise spreading code sequence to perform secondary spreading
of the SC-FDMA time waveform after the appending the CP. The spreading code used is a code specified by control
processing section 52. The stream that has been subjected to secondary spreading is input to multiplexing section 58.
[0097] Multiplexing section 58 time-multiplexes the two input sequences received as input from the spreading section
62 for the reference signal and secondary spreading section 57, thereby generating a PUCCH subframe. The time
multiplexed signal is input to radio transmitting section 59.
[0098] Radio transmitting section 59 performs radio modulation of the input signal to the carrier frequency band and
transmits the uplink signal by radio from antenna 41.

[Operation]

[0099] The processing flow of base station 100 and terminal 200 in Embodiment 1 will be described by step (1) through
step (6).
[0100] FIG. 12 shows an example of the E-PDCCH scheduling in Embodiment 1, and FIG. 13 describes the A/N
resources of an E-PDCCH terminal that is switched based on AI.

Step (1): Before PDSCH transmission/reception, base station 100 notifies each terminal 200 whether control infor-
mation is to be transmitted by the PDCCH or by the E-PDCCH. No particular notification need be made to terminal
200 to which transmission is not performed using the E-PDCCH. If, in particular, there is no notification or recognition
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is not possible, terminal 200 receives control information while assuming that the control information is transmitted
on the PDCCH. Terminal 200 for which control information is transmitted on the E-PDCCH is notified beforehand
of the A/N resource to be used in the case where there is an instruction by AI to use an A/N resource. These
notifications use the RRC control signal or the like. If there is no A/N resource instruction or recognition is not
possible, the terminal determines the A/N resource based on Equation 2.
Step (2): Base station 100 determines the terminal 200 for assignment of data in each subframe and performs
scheduling within the PDSCH. The scheduling uses, in addition to the amount of traffic to each terminal 200, the
CSI feedback and sounding reference signal (SRS) transmitted by terminal 200 and the like.
Step (3): Base station 100 generates control information including the scheduling results intended for each terminal
200 and maps it onto the PDCCH and the E-PDCCH. At first, base station 100 performs mapping onto the PDCCH.
Because the CCE regions where blind decoding is performed are different for each terminal 200, base station 100
maps control information onto a decodable region for each terminal 200. When this is done, because control infor-
mation is not mapped onto the same CCE between PDCCH terminals 200, as long as A/N resources based on
Equation 1 are used, there is no A/N resource collision between PDCCH terminals 200.
Next, base station 100, as shown in FIG. 12, maps control information onto the E-PDCCH. In the E-PDCCH as well,
because the eCCE regions where blind decoding is performed are different for each terminal 200, base station 100
attempts to map control information onto a decodable region for each terminal 200. As shown in FIG. 13, in mapping
for an E-PDCCH terminal 200, in the case of using an A/N resource based on Equation 2, base station 100 verifies
whether or not there is collision with the A/N resources of PDCCH terminal 200.
In this case, an A/N resource based on Equation 2 is one of a plurality of A/N resources included in the "E-PDCCH
terminal D-A/N region" of FIG. 13 and is an A/N resource in a one-to-one association with an eCCE number onto
which control information is mapped. The D-A/N region for E-PDCCH terminal and the D-A/N region for PDCCH
terminal D-A/N regions are set so that the majority (or all) thereof overlap.
If the verification result indicates that collision will not occur, base station 100 uses that mapping, and instructs
terminal 200 to use the A/N resource based on Equation 2 according to AI. Meanwhile; if it is found that collision
will occur with the allocation based on Equation 2, base station 100 attempts to see if the control information can
be mapped onto a different eCCE. If collision can be avoided by mapping onto a different eCCE, base station 100
changes the mapping position and gives an instruction so as to use an A/N resource based on Equation 2 according
to AI.
On the other hand, if it appears that collision cannot be avoided by changing the mapping, base station 100 makes
an instruction so that the A/N resource indicated beforehand by RRC according to AI ("RRC notification A/N resource"
in FIG. 13) is used. That is, the AI value included in the control information determines the value that represents the
instruction for the RRC notification A/N resource. The RRC notification A/N resource is set to a resource region in
which there is collision in neither the D-A/N region for a PDCCH terminal nor the D-A/N region for an E-PDCCH
terminal.
Step (4): When the control information mapping for all terminals 200 is completed, base station 100 transmits, by
radio, PDCCH and E-PDCCH control information and PDSCH downlink data using the downlink.
Step (5): Terminal 200 obtains from the received signal the control information intended for terminal 200 and extracts
and decodes the data signal. Simultaneously, terminal 200 identifies the code and frequency resources for trans-
mitting the A/N signal corresponding to the received data signal based on the control information. In particular, from
the AI included in the control information, E-PDCCH terminal 200 determines whether to use the A/N resource based
on Equation 2 or to use the A/N resource indicated by the RRC beforehand. In the case of using the D-A/N resource,
the D-A/N resource based on Equation 2 is calculated based on the eCCE number onto which the control information
intended for E-PDCCH terminal 200 is mapped.
Step (6): Terminal 200 identifies either ACK or NACK, in accordance with the judgment result of the data signal,
and transmits the A/N signal using the A/N resources (code and frequency resources) identified as noted above.

[Effect]

[0101] As described above, base station 100 and terminal 200 according to Embodiment 1, because of the degree of
freedom in EPDCCH scheduling and dynamic selection by AI, the A/N of E-PDCCH terminal 200 can be placed in an
available D-A/N resource for a PDCCH terminal. It is therefore possible to increase the utilization efficiency of A/N
resources and avoid wasted PUSCH bandwidth reduction, while maintaining a zero probability of A/N collision.
[0102] According to Embodiment 1, in a case where collision occurs when a D-A/N resource is allocated, an RRC
notification A/N resource can be allocated by dynamic selection by AI. The A/N collision probability can be maintained
at zero, without being influenced by an increase or decrease in the number of A/Ns of PDCCH terminals 200 and E-
PDCCH terminals 200.
[0103] The dynamic selection by AI can be easily implemented by the same type of arrangement (that is addition of
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a bit) as the ARI (ACK/NACK resource indicator) of the PUCCH format 3 in Rel. 10.
[0104] The ARI is a bit included in the PUCCH control information and is information that indicates an instruction
regarding which of a plurality of A/N resources indicated by RRC beforehand is to be used. In PUCCH format 3, A/N
resources indicated beforehand by RRC are selected based on an ARI instruction. For this reason, unlike Embodiment
1, ARI alone cannot make it possible to avoid A/N collision between PDCCH terminal 200 and E-PDCCH terminal 200
by utilizing the E-PDCCH scheduling degree of freedom.
[0105] Additionally, according to Embodiment 1, the utilization efficiency of D-A/N regions can be improved, so that
the frequency of occurrence of RRC Reconfig can be reduced. For example, if PDCCH terminals 200 become very small
in number, base station 100 may instruct E-PDCCH terminals 200 according to AI so that A/N resources based on
Equation 2 are always used. That is, in this case as well, it is not necessary to change the D-A/N region for the PDCCH
terminal by RRC Reconfig. Because there is no mapping of control information onto the same eCCE between E-PDCCH
terminals 200, A/N collision between E-PDCCH terminals 200 does not occur.
[0106] Also, according to Embodiment 1, the conventional PDCCH terminals can be added to the communication
system without any change. That is, in the communication system of Embodiment 1, because there is no need to add
a new bit to the PDCCH, the PDCCH coverage can be maintained. The scheduler of PDCCH can perform scheduling
in the same manner as in the case where there are no E-PDCCHs, and the operation of conventional terminals existing
before the introduction of E-PDCCH is not affected.

(Variation 1)

[0107] The communication system of Embodiment 1 can achieve the same effect even if the following change are
made thereto.
[0108] For example, the function f of Equation 2 may be applied to any one function that is different from Equation 1.
For example, this may be a function f such as Equation 3 or Equation 4.
[3] 

[4] 

[0109] In the above, X is a positive integer.
[0110] The method of giving the eCCE number with respect to a channel element of E-PDCCH may be any one
method. For example, it may be made the eCCE number nPRB

eCCE that is applied in units of frequency resource blocks,
and may be made the eCCE number nUE

eCCE that is applied in units of terminals 200.
[0111] Additionally, in place of the eCCE number, it is possible to use a function that determines an A/N resource
based on a resource unit smaller than eCCE, this being an eREG (enhanced resource element group) index, which is
the REG (resource element group) in an E-PDCCH.
[0112] The function f is not restricted to being an eCCE number or an eREG number, and may be a function using
antenna port number as a parameter.
[0113] The method of giving the function f and the eCCE number (or eREG number) may be predetermined, or may
be made settable or changeable by base station 100.

(Variation 2)

[0114] Although Embodiment 1 has been described with one bit being sufficient information for AI, AI may have a
plurality of bits. In the case of a plurality of bits, rather than giving an instruction for an A/N resource attached to an eCCE
based on a single function (Equation 2), an instruction may be given, using a plurality of different functions, for an A/N
resource associated with an eCCE number.
[0115] For example, if AI is two bits (four values), instructions can be given by base station 100 to terminal 200 as
shown below, by the value of AI.
[5] 
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[0116] In the above, for example, the functions f1 and f2 used may be f1(a, b)=a+b and f2(a, b)=a+b+1 or the like. The
functions of Equation 3 and Equation 4 may be used as the functions f1 and f2.
[0117] Adopting this configuration enables more flexible A/N resource selection. Because PDCCHs of different termi-
nals 200 are rarely mapped onto consecutive CCEs, if the settings of f1(a, b)=a+b and f2(a, b)=a+b+1 or the like are
made, base station 100 can find an allocation that has no A/N collision with a small amount of calculation.
[0118] Additionally, in such cases as well, a plurality of different predetermined functions may be used, and functions
changeable by notification from base station 100 may be used.

(Variation 3)

[0119] Although in Embodiment 1 the description has been for the example of a configuration in which AI, which
explicitly indicates the method of selecting A/N resources is included E-PDCCH control information, the A/N resource
selection method may be made switchable, based on a rule having the following characteristics.
[0120] Characteristic: When transmission is done in a mode that has a high degree of scheduling freedom, A/N
resources of Equation 2 are used, and when transmission is done in a mode with a low degree of scheduling freedom,
RRC notification A/N resources are used.
[0121] Specifically, distinction between a mode having a high degree of scheduling freedom and a mode having a low
degree of scheduling freedom is possible by the following conditions (1) to (3).

(1) In the Localized mode, when the E-PDCCH radio signal is transmitted, an A/N resource associated with an eCCE
number is used, and in the Distributed mode, when the E-PDCCH radio signal is transmitted, the A/N resource
indicated by RRC is used. In this case, the Localized mode is a mode in which an E-PDCCH is placed only in a
specific PRB (physical resource block), and the assignment of eCCE numbers differs between terminals 200. The
Distributed mode is a mode in which an E-PDCCH is placed over a plurality of PRBs, and the assignment of eCCE
numbers is common between a plurality of terminals.
The Localized mode is operation in which control information is placed together in a specific frequency resource,
and which has a higher degree of scheduling freedom compared with the Distributed mode in which control information
is distributed among a large number of frequency resources.
(2) When the E-PDCCH aggregation level is low, an A/N resource associated with an eCCE number is used, and
when the aggregation level is high, an A/N resource indicated by RRC is used. When the E-PDCCH aggregation
level is high, base station 100 makes the coding rate of control information low and uses many eCCEs to transmit
control information. Because the lower the aggregation level is, the smaller the size of the control information is, the
degree of scheduling freedom increases.
(3) When transmission has been done in the UE-specific search space, an A/N resource associated with an eCCE
number is used, and when transmission has been done by a common search space, an A/N resource indicated by
RRC is used. Because the UE-specific search space is larger than the common search space, the degree of
scheduling freedom increases.

[0122] The condition for switching the method of selecting the A/N resources may be established as any of the conditions
(1) to (3), and may be made settable and changeable to one of these conditions by notification from base station 100.
[0123] By adopting a configuration such as this, when the E-PDCCH scheduling degree of freedom is high, scheduling
enables avoiding a reduction of the PUSCH band, while also avoiding A/N collision between PDCCH terminal 200 and
E-PDCCH terminal 200. Also, when the E-PDCCH scheduling degree of freedom is low, using an A/N resource indicated
by RRC can reliably avoid collision between PDCCH terminal 200 and E-PDCCH terminal 200.
[0124] Therefore, adopting this type of configuration makes it possible to avoid A/N collision between PDCCH terminal
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200 and E-PDCCH terminal 200 without unnecessary reduction of the PUSCH band, even without adding any AI bit.

(Embodiment 2)

<Background of Obtaining an Embodiment of the Present Invention>

[0125] First, before describing the specific configuration and operation of Embodiment 2, one method that the inventors
noticed as a method for allocating A/N resources in the case of adopting the E-PDCCH will be described.
[0126] The CoMP scenario 4 is operation that is expected to increase the number of terminals in the coverage area,
using E-PDCCH. FIG. 14 shows an example of the configuration of a communication system adopting CoMP scenario
4. First, at this point an example in which no E-PDCCH is used is shown. A plurality of pico nodes are placed within a
cell of a macro base station that forms a large cell (in CoMP scenario 4, a macro base station being hereafter called a
macro node and a pico base station being hereafter called a pico node). In CoMP scenario 4, these nodes are operated
by a single cell ID. In this CoMP scenario 4, because cooperative transmission on the downlink and cooperative reception
on the uplink can be done using a plurality of nodes, it is possible to maintain a good linking condition of the terminals.
Therefore, CoMP scenario 4 is expected to be able to achieve a high throughput per terminal over a wide range.
[0127] With CoMP scenario 4, however, the problem of interference between A/N signals between terminals controlled
by the conventional PDCCH has been pointed out (refer to Non-Patent Literature 4). This is because the terminal cannot
properly measure the path loss up to the receiving node, and cannot control the transmitting power appropriately. The
terminal estimates the path loss based on the received power of the CRS (cell-specific reference signal), and transmits
the A/N signal using the PUCCH, with a transmitted power that compensates for the path loss. In CoMP scenario 4,
there are two cases, these being the case in which only the macro node transmits the CRS and the case in which the
macro node and the pico node transmit the same CRS at one time, and in either case, it is not possible to properly
estimate the path loss up to the receiving node. In particular, therefore, a large difference occurs between the received
powers at a terminal in proximity to a pico node and at a terminal at a macro cell edge. This situation is shown in FIG.
15. In a case where the A/N signals of two terminals are code multiplexed, mutual interference (a near-far problem)
occurs when A/N signals transmitted with significantly different powers at a pico node. The result is that the A/N signals
cannot be properly received, and the problem of a significant decrease in downlink throughput has been pointed out.
[0128] Given the above, in order to avoid A/N signal interference up until now, rather than using a cell-specific value
as the offset value N in Equation 1, a method has been proposed of giving this by terminal-specific signaling (refer to
Non-Patent Literature 5). This shifts the D-A/N regions of a terminal in proximity to a node and another terminal, as
shown in FIG. 16, thereby enabling frequency multiplexing without performing code multiplexing.
[0129] FIG. 16 describes an example in which two D-A/N regions are set for PDCCH terminals.
[0130] The specific method of implementation uses the following equation for some of the terminals.
[6] 

[0131] In the above, N’ is the A/N resource offset parameter indicated by terminal-specific RRC signaling or the like.
As shown in FIG. 16, by separating N from N’, it is possible to separate a D-A/N region for a terminal in proximity to a
node and a D-A/N region for a normal terminal. A parameter that directly indicates a frequency resource block number
that is the starting point of a D-A/N region for a terminal in proximity to the node may also be used as N’.
[0132] However, when D-A/N regions are divided into a plurality of regions, there is the drawback of the frequency
resources usable for PUSCH being reduced. In the example shown in FIG. 16 as well, because the number of D-A/N
regions is doubled, there is a commensurate reduction in the resources usable for PUSCH transmission. Furthermore,
introduction of E-PUCCH and an increase in the number of terminals in the coverage area at one time requires reserving
even more A/N resources.
[0133] FIG. 17 describes an operation example of an E-PDCCH supporting CoMP scenario 4.
[0134] CoMP scenario 4, as shown in FIG. 17, presumes that E-PDCCH will mainly be used for terminals in proximity
to a node (E-PDCCH terminals being shown black in FIG. 17). Although using E-PDCCH increases the number of
terminals in the coverage area, as shown in the drawing, the problem occurs of leading to loss of PUSCH resources in
the uplink.
[0135] The communication system of Embodiment 2 adopts CoMP scenario 4 and has as an object to increase the
A/N resource utilization efficiency of PDCCH and E-PDCCH terminals, while maintaining a zero probability of A/N signal
collision between PDCCH and E-PDCCH terminals.
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[Overview of Communication System]

[0136] The communication system of Embodiment 2, as shown in FIG. 17, includes one or more nodes (macro base
stations, pico base stations) and a plurality of terminals.
[0137] A pico base station may be one such as an RRH (remote radio head). The macro base station and the pico
base stations are connected by a low-delay, high-capacity interface such as an optical fiber, and constitute a CoMP set.
Embodiment 2, presumes the case in which all nodes within the CoMP set operate with the same cell ID (that is, CoMP
scenario 4). That is, PDCCH terminal 200 within the CoMP set is controlled by a single PDCCH. In the following, to avoid
having the description become complex, constituent elements that are the same as in Embodiment 1 are assigned the
same reference signs, and only the difference with respect to Embodiment 1 will be described.

[Configuration of Base Station]

[0138] The configuration of base station (macro base station, pico base stations) 100 differs from Embodiment 1 mainly
in the difference in the processing done by control section 110, with other parts being the same as Embodiment 1.
However, a plurality of base stations 100 are disposed within a macrocell, and as described above, these base stations
are connected by a low-delay, high-capacity interface and form a CoMP set. The details of the processing done by
control section 110 will be described in detail in the description of operation to follow.

[Configuration of Terminal]

[0139] The configuration of terminal 200 differs mainly by the difference in the processing done by control section 220,
with other parts being the same as in Embodiment 1. The details of the processing done by control section 220 will be
described in detail in the description of operation to follow.

[Operation]

[0140] The processing flow of base station 100 and terminal 200 in Embodiment 2 will be described by step (1) through
step (6).
[0141] FIG. 18 shows a mapping example of PDCCH control information in Embodiment 2. FIG. 19 shows an example
of A/N resource allocation to a PDCCH terminal in Embodiment 2. FIG. 20 shows an example of A/N resource allocation
to an E-PDCCH terminal and a PDCCH terminal in Embodiment 2.

Step (1): Before transmission and reception of a PDSCH, base station 100 notifies each terminal 200 whether control
information will be transmitted by the PDCCH or transmitted by the E-PDCCH. Terminal 200 to which control infor-
mation is not transmitted on E-PDCCH needs no particular notification. When receiving no particular notification,
terminal 200 performs reception while assuming that control information is transmitted on the PDCCH. In Embodiment
2, as shown in FIG. 19, a plurality of D-A/N regions D0 and D1 are used to reserve A/N resources for PDCCH
terminal 200. Therefore, with respect to some terminals 200 that have been notified of transmission by PDCCH,
notification is made of a parameter for instructing a D-A/N region D1 that is not a D-A/N region D0 determined by
a cell-specific parameter. Specifically, notification is made of N’ in Equation 5 by terminal-specific RRC signaling.
This makes it possible to clearly separate the D-A/N regions D0 and D1 and not to perform code multiplexing for
terminal 200 in proximity to a node and terminal 200 (FIG. 19). When there is no particular notification, terminal 200
uses the cell-specific parameter N. That is, the D-A/N resources are allocated based on Equation 1.
Step (2): Before transmission and reception of a PDSCH, base station 100 notifies terminal 200, which has been
notified of transmission of control information by E-PDCCH, of a plurality of resource offset parameters. Specifically,
notification is made of two values as the resource offset parameter Ne in Equation 2 (hereinafter noted as Ne and
Ne’ to enable distinction; refer to FIG. 20) by terminal-specific RRC signaling or the like.
Parameters N, N’, Ne, and Ne’ are set as shown in FIG. 20. Specifically, base station 100 sets the parameters so
that the majority (or all) of the normal D-A/N region D0 for PDCCH terminals and one D-A/N region D2 for an E-
PDCCH terminal overlap. Base station 100 also sets the parameters so that the majority (or all) of the D-A/N region
D1 for a PDCCH terminal in proximity to a receiving station and another D-A/N region D3 for an E-PDCCH terminal
overlap. In this case, the settings are made so that the two D-A/N regions D0 and D1 are mutually separate in the
frequency domain, and that the two D-A/N regions D2 and D3 are mutually separated in the frequency domain.
Step (3): Base station 100 generates control information including the scheduling results intended for each terminal
200, and maps this control information onto PDCCH and E-PDCCH. At first, base station 100, as shown in FIG. 18,
maps control information onto PDCCH. Because the CCE regions where blind decoding is performed are different
for each terminal 200, control information is mapped onto a decodable region for each terminal 200.
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When this is done, because control information is not mapped onto the same CCE between PDCCH terminals 200,
as long as A/N resources based on Equation 1 are used, there is no A/N resource collision between PDCCH terminals
200. Also, because at step (1) terminal 200 that is in proximity to a node and terminal 200 that is not are separated
into the plurality of D-A/N regions D0 and D1 so that there is no A/N code multiplexing, interference caused by
PUCCH power difference does not occur.
Next, base station 100 maps control information onto the E-PDCCH. In the E-PDCCH as well, because the eCCE
regions where blind decoding is performed differ for each terminal 200, an attempt is made to map control information
onto a decodable region for each terminal 200. Blind decoding in the E-PDCCH is done in the same manner as
blind decoding in the PDCCH.
When this is done, in mapping onto E-PDCCH terminals 200, if base station 100 uses the parameter Ne’ in Equation
2, verification is made whether or not there is collision with the A/N resource of PDCCH terminal 200. If collision
does not occur, this mapping is used, and an instruction is given to terminal 200 by AI to use an A/N resource based
on Equation 2 and "Ne"’. If there will be A/N signal collision, an instruction is given by AI so that an A/N resource
based on Equation 2 and "Ne" is used.
Let us consider a case where PDCCH control information is transmitted to terminal 200 positioned at a macrocell
edge (noted as "macro terminal" in FIG. 18) and terminal 200 positioned in proximity to the receiving station (noted
as "pico terminal" in FIG. 18). In this case, as shown in FIG. 18 and FIG. 19, of D-A/N resources R1a and R1b
corresponding to control information, the resource R1a within the normal D-A/N region D0 is allocated to the macro
terminal 200. Also, of the D-A/N resource R2a and R2b corresponding to the control information, the resource R2b
within the D-A/N region D1 for the terminal in proximity to the receiving station is allocated to the pico terminal 200.
When this is done, as shown in FIG. 18, the control information of macro terminal 200 and the control information
of pico terminal 200 are mapped onto different CCEs of the PDCCH. Thus, if only PDCCH terminals 200 exist, and
if a D-A/N resource is allocated to one region of the two D-A/N regions D0 and D1, the D-A/N resource of the
corresponding other region will always be available. For example, in the example shown in FIG. 19, D-A/N resources
R1b and R2a will always be available.
Therefore, by allocating the A/N resource of an E-PDCCH terminal 200 by the AI of step (3), the D-A/N resource of
the E-PDCCH terminal 200 will be placed in the available resources D-A/N regions D0 and D1 for the PDCCH
terminal. Thus, there is no collision between the D-A/N resource of E-PDCCH terminal 200 and the D-A/N resource
of PDCCH terminal 200.
Step (4): When the control information mapping is completed for all terminals 200, base station 100 transmits the
signal on the downlink.
Step (5): Terminal 200 obtains control information intended for terminal 200 from the received signal and extracts
and decodes the data signal. Simultaneously, the code and frequency resources for transmitting the control infor-
mation and the A/N signal of the received data are identified based on the control information. In particular, from
the AI included in the control information, E-PDCCH terminal 200 determines which A/N resource is to be used
between that when the Ne value is substituted and that when the Ne’ value is substituted as the resource offset
parameter in Equation 2.
Step (6): Terminal 200, in accordance with the data signal judgment result, identifies ACK or NACK, and transmits
the A/N signal using the A/N resources (code and frequency resources) identified as noted above.

[Effect]

[0142] As noted above, in a communication system of Embodiment 2, a resource offset parameter that determines
the D-A/N resource of the E-PDCCH terminal 200 based on an instruction by AI is switched between Ne and Ne’. This
switching enables the placement of the A/N signal of E-PDCCH terminal 200 in the D-A/N regions D2 or D3, without
collision between the A/N signal of E-PDCCH terminal 200 and the A/N signal of PDCCH terminal 200. In this case,
because the D-A/N regions D0 and D1 for the PDCCH terminal and the D-A/N regions D2 and D3 for the E-PDCCH
terminal are set so as to overlap, there is no unnecessary reduction of the PUSCH band (refer to FIG. 20).
[0143] Also, because in the communication system of Embodiment 2 an A/N resource that is available in the D-A/N
region for PDCCH terminal 200 is filled by the AI selection, a high A/N resource utilization efficiency can be achieved.
[0144] In a communication system of Embodiment 2, although the A/N resources indicated by RRC, which were
required in Embodiment 1, are not required, the possibility of A/N signal collision between PDCCH terminal 200 and E-
PDCCH terminal 200 can be made zero. Additionally, in this communication system, it is possible to reserve wide PUSCH
frequency resources to the extent that there are no A/N resources indicated by RRC. In this communication system,
because there are no A/N resources indicated by RRC, the frequency of occurrence of RRC Reconfig can be further
reduced.
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(Variation 1)

[0145] The communication system of Embodiment 2 can achieve the same effect even if the following change is made
thereto.
[0146] For example, the parameters switched by AI may include not only the value to be substituted into the parameter
Ne of Equation 2, but may also include a parameter that establishes the ZAC sequence or the cyclic shift hopping pattern
(in this case, this being called "virtual ID (VCID))," similar to the cell ID. That is, base station 100 may notify a plurality
of terminals 200 of {Ne’, VCID} as a parameter set beforehand, with AI being used as a bit for selecting the parameter
set {Ne, cell ID} or the parameter set {Ne’, VCID}.
[0147] This configuration is provided to support the following background. That is, in Rel. 11 a study is being done of
making a parameter that is common to the cells for determining the PUCCH ZAC sequence and cyclic shift hopping
pattern (cell ID) to be a parameter that is given for each terminal individually (virtual cell ID). Also, a study is being done
of giving for each terminal individually the cell-specific parameter Δshift

PUCCH that determines the utilization density of
A/N resources in the D-A/N region. The parameter Δshift

PUCCH, for example, gives an instruction of the spacing of the
cyclic shift values between two adjacent A/N resources, which can be switched in size, depending upon the communication
quality. In the case in which the above-noted parameters used by PDCCH terminal 200 differ for each D-A/N region,
unless the ZAC sequence, the cyclic shift hopping pattern, and the like of E-PDCCH terminal 200 are also adjusted
thereto, the PUCCH cannot be orthogonally multiplexed.
[0148] Given this, in the communication system of Variation 1, notification is given of parameters determining the ZAC
sequence, the cyclic shift hopping pattern and the like as a set beforehand, and these parameter sets are switched
according to AI. This enables making the PUCCH of E-PDCCH terminal 200 always be orthogonal with that of PDCCH
terminal 200 in the D-A/N region both before and after switching.

(Variation 2)

[0149] In the communication system of Embodiment 2, a transmitting power offset may be included in the parameter
set switched according to AI.
[0150] In CoMP scenario 4, because the transmitting power suitable for each D-A/N region differs, there is a risk that
the A/N signal of E-PDCCH terminal 200 will interfere with the A/N signal of PDCCH terminal 200 without any counter-
measure. Given this, according to the communication system of Embodiment 2, including in the parameter set an offset
amount such as to obtain an appropriate transmitting power makes it possible to avoid such interference.
[0151] In CoMP scenario 4, even between a plurality of pico cells to which different virtual cell IDs applied, or between
adjacent macro cells having different cell IDs, there is a risk of interference between the A/N signal of E-PDCCH terminal
200 and the A/N signal of PDCCH terminal 200. According to the communication system of Variation 2, however, by
offsetting the transmitting power, because an excessive transmitting power is not set for the E-PDCCH terminal, the
interference with other cells can be reduced.
[0152] Although the description has been for an example in which the transmitting power offset is included in the
parameter set, the parameter included may be any parameter changing the transmitting power of terminal 200, such as
a reference signal for path loss estimation, an accumulated value of transmitting power control commands (TPCs), or
a power control parameter.

(Other Variations)

[0153] In Embodiment 2, a description has been given of the examples using the resource offsets N, N’, and Ne of
Equations 1, 2, and 5 as the parameters specifying the plurality of D-A/N regions D0 to D3. However, the specification
of the plurality of D-A/N regions D0 to D3 may be made by other parameters such as a parameter directly indicating a
frequency resource block.
[0154] The range of the frequency resource block numbers is small compared to the A/N resource number. Thus, this
variation reduces the signaling overhead.
[0155] A communication system that dynamically selects the method of allocating A/N resources of Embodiment 1
and the method of allocating A/N resources of Embodiment 2 may be adopted. For example, in the case in which there
is notification beforehand of a parameter that gives an instruction for a plurality of D-A/N regions, E-PDCCH terminal
200 operation is done as in Embodiment 2, and in the case in which there is no instruction of a plurality of D-A/N regions
but rather of a parameter that instructs regarding a specific A/N resource beforehand, operation is done as in Embodiment
1.
[0156] According to this communication system, RRC notification A/N resources can be reserved as necessary, even
in the case of CoMP scenario 4.
[0157] Also, in Variation 1 of Embodiment 2, the configuration is employed in which notification of one parameter set



EP 3 261 400 A1

18

5

10

15

20

25

30

35

40

45

50

55

{Ne’, VCID} is made beforehand to terminal 200, and AI switches between the cell-specific parameter set {Ne, cell ID}
and the parameter set {Ne’, VCID} of which notification was made. However, the configuration may be employed in which
notification is made to terminal 200 of a plurality of parameter sets with AI used to switch between the parameters.
[0158] Such a configuration enables an increase of the degree of freedom of the configuration of PUCCH on which
the A/N signal is transmitted.

<Overview of Aspects of the Invention>

[0159] Next, an aspect of the present invention will be described.
[0160] A first aspect of the present invention provides a radio communication terminal including: a receiving section
that receives, via an enhanced physical downlink control channel, a control signal including an ACK/NACK indicator; a
control section that determines, based on the ACK/NACK indicator, whether to transmit an ACK/NACK signal for downlink
data using a dynamic ACK/NACK resource dynamically allocated or using a specific resource specified beforehand;
and a transmitting section that transmits the ACK/NACK signal using the determined dynamic ACK/NACK resource or
specific resource.
[0161] According to the first aspect, the method of allocating an A/N resource for an E-PDCCH terminal can be switched
by an ACK/NACK indicator. This switching enables allocation without a reduction of the PUSCH band in a situation
where collision between A/N signals of a PDCCH terminal and an E-PDCCH terminal can be avoided. In addition, when
collision cannot be avoided using the allocation method, allocation that avoids collision between A/N signals can be
performed by reducing the PUSCH band. Thus, it is possible to make a contribution to avoiding collision between A/N
signals and the improvement of the A/N resource utilization efficiency.
[0162] A second aspect of the present invention provides the radio communication terminal according to the first aspect
in which: the enhanced physical downlink control channel is a channel that is frequency-multiplexed with a physical
downlink data channel; the control signal is transmitted by any one control channel element of a plurality of control
channel elements that are a plurality of elements divided from the enhanced physical downlink control channel; the
control section determines, as the dynamic ACK/NACK resource, a resource associated with a number of the control
channel element to which a control signal of the radio communication terminal is assigned, from among a plurality of
resources included in a dynamic ACK/NACK region provided in an uplink channel; and the ACK/NACK indicator is
information for switching a resource used for transmitting the ACK/NACK signal.
[0163] According to the second aspect, a dynamic ACK/NACK resource for an E-PDCCH terminal can be determined
by the same processing as the processing for allocating a D-A/N resource for a PDCCH terminal.
[0164] A third aspect of the present invention provides the radio communication terminal according to the second
aspect in which: the dynamic ACK/NACK region is set so as to overlap with a resource region to which a resource used
for transmitting the ACK/NACK signal is dynamically allocated in accordance with a control signal received via a physical
downlink control channel that is time-multiplexed with a physical downlink data channel.
[0165] According to the third aspect, it is possible to surely suppress a reduction of the PUSCH band when a dynamic
ACK/NACK resource is selected.
[0166] A fourth aspect of the present invention provides the radio communication terminal according to the first aspect,
in which the specific resource is specified by notification of radio resource control.
[0167] According to the fourth aspect, selecting a specific resource makes it possible to surely avoid collision between
A/N signals of a PDCCH terminal and an E-PDCCH terminal.
[0168] A fifth aspect of the present invention provides the radio communication terminal according to the second
aspect, in which the plurality of resources included in the dynamic ACK/NACK region include both or one of a frequency
resource and a code resource.
[0169] According to the fifth aspect, a large number of dynamic A/N resources for E-PDCCH terminals can be secured
as in the case of D-A/N resources for PDCCH terminals.
[0170] A sixth aspect of the present invention provides a radio communication terminal including: a receiving section
that receives, via an enhanced physical downlink control channel, a control signal including an ACK/NACK indicator; a
control section that selects, based on the ACK/NACK indicator, one of a plurality of dynamic ACK/NACK regions separated
from each other in the frequency domain, and that determines, from among a plurality of resources included in the
selected dynamic ACK/NACK region, a dynamic ACK/NACK resource used for transmitting an ACK/NACK signal for
downlink data, in accordance with the control signal; and a transmitting section that transmits the ACK/NACK signal
using the determined dynamic ACK/NACK resource in the selected dynamic ACK/NACK resource region.
[0171] According to the six aspect, it is possible to improve the A/N resource utilization efficiency while avoiding
collision between A/N signals of a PDCCH terminal and an E-PDCCH terminal in a system in which a plurality of D-A/N
regions are set for PDCCH terminals, and the A/N resources are used sparsely in these regions.
[0172] A seventh aspect of the present invention provides the radio communication terminal according to the six
aspect, in which: the plurality of dynamic ACK/NACK regions are set so as to overlap respectively with a plurality of
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resource regions to which a resource used for transmitting the ACK/NACK signal is dynamically allocated in accordance
with a control signal received via a physical downlink control channel that is time-multiplexed with a physical downlink
data channel; and the plurality of resource regions are separated from each other in the frequency domain, one of the
resource regions is selected in accordance with a size of transmission power for an ACK/NACK signal, and the resource
according to the control signal of the physical downlink control channel is allocated in the selected one of the resource
regions.
[0173] According to the seventh aspect, an A/N resource not used in a resource region for a PDCCH terminal can be
allocated for an E-PDCCH terminal. Thus, it is possible to surely improve the A/N resource utilization efficiency.
[0174] An eighth aspect of the present invention provides the radio communication terminal according to the six aspect,
in which: the enhanced physical downlink control channel is a channel that is frequency-multiplexed with a physical
downlink data channel; the control signal is transmitted by any one control channel element of a plurality of control
channel elements that are a plurality of elements divided from the enhanced physical downlink control channel; and the
control section determines, as the dynamic ACK/NACK resource used for transmitting the ACK/NACK signal, a resource
associated with a number of the control channel element to which the control signal of the radio communication terminal
is assigned, from among a plurality of resources included in the selected dynamic ACK/NACK region.
[0175] According to the eighth aspect, a dynamic ACK/NACK resource for an E-PDCCH terminal can be determined
by the same processing as the processing for allocating a D-A/N resource for a PDCCH terminal.
[0176] A ninth aspect of the present invention provides the radio communication terminal according to the six aspect,
in which: the control section switches a signal-generating-parameter based on the ACK/NACK indicator and generates
the ACK/NACK signal based on the switched signal-generating-parameter.
[0177] According to the ninth aspect, when a signal generation parameter for ACK/NACK signals in a PDCCH terminal
is switched between a plurality of resource regions, a signal generation parameter for ACK/NACK signals in an E-PDCCH
terminal can be switched according to the signal generation parameter for ACK/NACK signals in a PDCCH terminal.
Accordingly, interference between ACK/NACK signals for PDCCH terminals and ACK/NACK signals for E-PDCCH
terminals can be reduced.
[0178] A tenth aspect of the present invention provides the radio communication terminal according to the ninth aspect,
in which: the signal-generating-parameter includes one or a plurality of a basic sequence used for spreading the
ACK/NACK signal, a shift pattern of the basic sequence with a cyclic shift value, and a placement density of a transmitting
resource for the ACK/NACK signal.
[0179] According to the tenth aspect, it is possible to support switching of a basic sequence such as a ZAC sequence,
a CS hopping pattern, and a parameter Δshift

PUCCH, for example.
[0180] An eleventh aspect of the present invention provides the radio communication terminal according to the sixth
aspect, in which the control section switches, based on the ACK/NACK indicator, a transmission-power-parameter and
determines transmission power for the ACK/NACK signal based on the switched transmission-power-parameter.
[0181] According to the eleventh aspect, when the transmission power for an ACK/NACK signal of a PDCCH terminal
is switched between a plurality of resource regions, the transmission power for an ACK/NACK signal of an E-PDCCH
terminal can be switched according to the transmission power for an ACK/NACK signal of a PDCCH terminal. Accordingly,
interference between ACK/NACK signals for a PDCCH terminal and ACK/NACK signals for an E-PDCCH terminal can
be reduced.
[0182] A twelfth aspect of the present invention provides the radio communication terminal according to the eleventh
aspect, in which the transmission-power-parameter includes one or a plurality of a transmitting power offset, a reference
signal for path loss estimation, an accumulated value of a transmission power control command (TPC), and a power
control parameter.
[0183] According to the twelfth aspect, the transmission power for ACK/NACK signals of an E-PDCCH terminal can
be switched using an appropriate parameter.
[0184] A thirteenth aspect of the present invention provides a base station apparatus including: a control section that
determines whether a resource used for transmitting an ACK/NACK signal for downlink data from a radio communication
terminal is to be a dynamic ACK/NACK resource to be dynamically allocated in accordance with a downlink control signal
or to be a specific resource specified beforehand; and a transmitting section that transmits, using an enhanced physical
downlink control channel, a control signal including an ACK/NACK indicator representing the result of determination
made by the control section.
[0185] According to the thirteenth aspect, the method of allocating an A/N resource for an E-PDCCH terminal can be
switched by an ACK/NACK indicator. This switching makes possible a contribution to avoiding collision between A/N
signals and the improvement of the A/N resource utilization efficiency.
[0186] A fourteenth aspect of the present invention provides a base station apparatus including: a control section that
determines to which of a plurality of dynamic ACK/NACK regions separated from each other in the frequency domain,
a resource used for transmitting an ACK/NACK signal for downlink data from a radio communication terminal is to be
allocated; and a transmitting section that transmits a control signal including an ACK/NACK indicator representing the
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results of determination made by the control section, using a control channel element associated with the resource used
for transmitting the ACK/NACK signal on an enhanced physical downlink control channel.
[0187] According to the fourteenth aspect, it is possible to improve the A/N resource utilization efficiency while avoiding
collision between A/N signals of a PDCCH terminal and an E-PDCCH terminal in a system in which a plurality of D-A/N
regions are set for PDCCH terminals, and the A/N resources are used sparsely in these regions.
[0188] A fifteenth aspect of the present invention provides a resource allocation method including: receiving a control
signal including an ACK/NACK indicator via an enhanced physical downlink control channel; and determining, based
on the ACK/NACK indicator, whether an ACK/NACK signal for downlink data is to be transmitted using a dynamic
ACK/NACK resource dynamically allocated or is to be transmitted using a specific resource specified beforehand.
[0189] According to the fifteenth aspect, the method of allocating an A/N resource for an E-PDCCH terminal can be
switched by an ACK/NACK indicator. This switching makes possible a contribution to avoiding collision between A/N
signals and the improvement of the A/N resource utilization efficiency.
[0190] A sixteenth aspect of the present invention provides a resource allocation method including: receiving a control
signal including an ACK/NACK indicator via an enhanced physical downlink control channel; and selecting, based on
the ACK/NACK indicator, one of a plurality of dynamic ACK/NACK regions separated from each other in the frequency
domain, and determining from among a plurality of resources included in the selected dynamic ACK/NACK region, a
dynamic ACK/NACK resource used for transmitting an ACK/NACK signal for downlink data, in accordance with the
control signal.
[0191] According to the sixteenth aspect, it is possible to improve the A/N resource utilization efficiency while avoiding
collision between A/N signals of a PDCCH terminal and an E-PDCCH terminal in a system in which a plurality of D-A/N
regions are set for PDCCH terminals, and the A/N resources are used sparsely in these regions.
[0192] The embodiments of the present invention have been described thus far.
[0193] In the embodiments described above, the present invention is described using an example of a case where
the present invention is implemented as hardware. However, the present invention can be achieved by software in
concert with hardware.
[0194] The functional blocks described in the embodiments described above are achieved by an LSI, which is typically
an integrated circuit. The functional blocks may be provided as individual chips, or part or all of the functional blocks
may be provided as a single chip. Depending on the level of integration, the LSI may be referred to as an IC, a system
LSI, a super LSI, or an ultra LSI.
[0195] In addition, the circuit integration is not limited to LSI and may be achieved by dedicated circuitry or a general-
purpose processor other than an LSI. After fabrication of LSI, a field programmable gate array (FPGA), which is pro-
grammable, or a reconfigurable processor which allows reconfiguration of connections and settings of circuit cells in LSI
may be used.
[0196] Should a circuit integration technology replacing LSI appear as a result of advancements in semiconductor
technology or other technologies derived from the technology, the functional blocks could be integrated using such a
technology. Another possibility is the application of biotechnology and/or the like.
[0197] The disclosure of Japanese Patent Application No. 2012-108447, filed on May 10, 2012, including the speci-
fication, drawings and abstract, are incorporated herein by reference in its entirety.

Industrial Applicability

[0198] The present invention can be applied to a radio communication terminal, a base station apparatus, a resource
allocation method, and the like of a mobile communication system.

Reference Signs List

[0199]

11 Antenna
12 Control information generation section
13 Control information coding section
14, 17 Modulation section
15 Data coding section
16 Retransmission control section
18 Subframe configuration section
19 IFFT section
20 CP appending section
21 Radio transmitting section
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22 Radio receiving section
23 CP removal section
24 Despreading section
25 Correlation processing section
26 Judgment section
41 Antenna
42 Radio receiving section
43 CP removal section
44 FFT section
45 Extraction section
46 Data demodulation section
47 Data decoding section
48 Judgment section
49 Control information demodulation section
50 Control information decoding section
51 Control information judgment section
52 Control processing section
53 A/N signal modulation section
54 Primary spreading section
55, 60 IFFT section
56 CP appending section
57 Secondary spreading section
58 Multiplexing section
59 Radio transmitting section
61 CP appending section
62 Spreading section
100 Base station
110 Control section
120 Transmitting section
200 Terminal
210 Transmitting section
220 Control section
230 Receiving section
D0 to D3 D-A/N region
R1a, R2a, R1b, R2b D-A/N resource

Claims

1. A radio communication apparatus, comprising:

processing circuitry, which, in operation, generates a control signal including an ACK/NACK indicator, wherein
the ACK/NACK indicator takes one of four possible values including a first value and a second value,

wherein the ACK/NACK indicator and an enhanced control channel element (eCCE) number of an enhanced
physical downlink control channel (E-PDCCH) transmitting the control signal indicate a resource number
of an ACK/NACK signal associated with downlink data using a dynamic ACK/NACK resource dynamically
allocated in accordance with the control signal, and
wherein a first resource number is determined as the resource number when the ACK/NACK indicator takes
the first value and a second resource number is determined as the resource number when the ACK/NACK
indicator takes the second value, wherein a value of the difference between the first resource number and
the second resource number is 1;
a transmitter, which, in operation, transmits the control signal via the E-PDCCH; and
a receiver, which, in operation, receives the ACK/NACK signal using the dynamic ACK/NACK resource
having the indicated resource number when the ACK/NACK indicator takes the first value or the second
value.

2. The radio communication apparatus according to claim 1, wherein the ACK/NACK indicator indicates whether to
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transmit the ACK/NACK signal using the dynamic ACK/NACK resource or using a specific resource specified be-
forehand, and
the receiver, in operation, receives the ACK/NACK signal using the specific resource when the ACK/NACK indicator
indicates to use the specific resource.

3. The radio communication apparatus according to claim 2, wherein:

the E-PDCCH is a channel that is frequency-multiplexed with a physical downlink data channel;
the control signal is transmitted by any one eCCE of a plurality of eCCEs constituting the E-PDCCH;
a resource associated with an eCCE number of the eCCE to which a control signal of the radio communication
terminal is assigned is determined as the dynamic ACK/NACK resource from among a plurality of resources
included in a dynamic ACK/NACK region provided in an uplink channel; and
the ACK/NACK indicator is information for switching a resource used for transmitting the ACK/NACK signal.

4. The radio communication apparatus according to claim 3, wherein the dynamic ACK/NACK region is set so as to
overlap with a resource region to which a resource used for receiving the ACK/NACK signal is dynamically allocated
in accordance with a control signal transmitted via a physical downlink control channel that is time-multiplexed with
a physical downlink data channel.

5. The radio communication apparatus according to claim 2, wherein the specific resource is specified by notification
of radio resource control information.

6. The radio communication apparatus according to claim 3, wherein the plurality of resources included in the dynamic
ACK/NACK region includes both or one of a frequency resource and a code resource.

7. A resource allocation method, comprising:

generating a control signal including an ACK/NACK indicator, wherein the ACK/NACK indicator takes one of
four possible values including a first value and a second value,

wherein the ACK/NACK indicator and an enhanced control channel element (eCCE) number of an enhanced
physical downlink control channel (E-PDCCH) transmitting the control signal indicate a resource number
to transmit an ACK/NACK signal associated with downlink data using a dynamic ACK/NACK resource
dynamically allocated in accordance with the control signal, and
wherein a first resource number is determined as the resource number when the ACK/NACK indicator takes
the first value and a second resource number is determined as the resource number when the ACK/NACK
indicator takes the second value, wherein a value of the difference between the first resource number and
the second resource number is 1;

transmitting the control signal via the E-PDCCH; and
receiving the ACK/NACK signal using the dynamic ACK/NACK resource having the indicated resource number
when the ACK/NACK indicator takes the first value or the second value.

8. The resource allocation method according to claim 7, wherein:

the ACK/NACK indicator indicates whether to transmit the ACK/NACK signal using the dynamic ACK/NACK
resource or using a specific resource specified beforehand, and
the receiving includes receiving the ACK/NACK signal using the specific resource when the ACK/NACK indicator
indicates to use the specific resource.

9. The resource allocation method according to claim 8, wherein:

the E-PDCCH is a channel that is frequency-multiplexed with a physical downlink data channel;
the control signal is transmitted by any one eCCE of a plurality of eCCEs constituting the E-PDCCH;
a resource associated with an eCCE number of the eCCE to which a control signal of the radio communication
terminal is assigned is determined as the dynamic ACK/NACK resource from among a plurality of resources
included in a dynamic ACK/NACK region provided in an uplink channel; and
the ACK/NACK indicator is information for switching a resource used for transmitting the ACK/NACK signal.
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10. The resource allocation method according to claim 9, wherein the dynamic ACK/NACK region is set so as to overlap
with a resource region to which a resource used for receiving the ACK/NACK signal is dynamically allocated in
accordance with a control signal transmitted via a physical downlink control channel that is time-multiplexed with a
physical downlink data channel.

11. The resource allocation method according to claim 8, wherein the specific resource is specified by notification of
radio resource control information.

12. The resource allocation method according to claim 9, wherein the plurality of resources included in the dynamic
ACK/NACK region includes both or one of a frequency resource and a code resource.
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