DESCRIPTION
Title of Invention: TERMINAL, BASE STATION, COMMUNICATIONS
SYSTEM, AND COMMUNICATION METHOD
Technical Field
[0001]

The present invention relates to a terminal, base
station, communications system, and communication method.
Background Art
[0002]

In wireless communications systems such as Long Term
Evolution (LTE) and LTE-Advanced (LTE-A) defined by Third
Generation Partnership Project (3GPP), wireless LAN defined
by The Institute of Electrical and Electronics engineers
(IEEE), and Worldwide Interoperability for Microwave Access
(WiMAX), a base station (a base station device, downlink
transmitting device, uplink receiving device, eNodeB) and a
terminal (terminal device, mobile station device, downlink
receiving device, uplink transmitting device, UE) include
nultiple transmit/receive antennas and use multi-input
multi-output (MIMO) technology to spatially multiplex data
signals and achieve high-speed data communications. In LTE
and LTE-A in particular, the orthogonal frequency division
multiplexing (OFDM) scheme is employed in the downlink to
achieve high spectral efficiency and the single carrier-

frequency division multiple access (SC-FDMA) scheme is used



in the uplink to reduce peak power. Furthermore, hybrid ARQ
(HARQ), which combines automatic repeat request (ARQ) with
error correction codes, has been adopted.

[0003]

Fig. 25 shows a configuration of an LTE communications
system implementing HARQ. In Fig. 25, a base station 2501
notifies a terminal 2502 of control information associated
with downlink transmit data 2504 over a physical downlink
control channel (PDCCH) 2503. The terminal 2502 first
performs detection of control information. If control
information is detected, the terminal 2502 uses it to
extract downlink transmit data 2504. After detecting the
control information, the terminal 2502 reports HARQ response
information indicating whether the downlink transmit data
2504 has been successfully extracted or not to the base
station 2501 over a physical uplink control channel (PUCCH)
2505. Here, a resource for the PUCCH 2505 (PUCCH resource)
available for the terminal 2502 is implicitly/tacitly and
uniquely determined by the resource for the PDCCH 2503 to
which the control information is assigned. The terminal
2502 thus can use a dynamically assigned PUCCH resource when
reporting HARQ response information. It is also possible to
prevent overlap of PUCCH resources among terminals (see Non
Patent Literatures 1 and 2).
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Non Patent Literature
[0004]

NPL 1: 3rd Generation Partnership Project; Technical
Specification Group Radio Access Network; Evolved Universal
Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation (Release 10), June 2011, 3GPP TS 36.211 Vv10.2.0
(2011-06)

NPL 2: 3rd Generation Partnership Project; Technical
Specification Group Radio Access Network; Evolved Universal
Terrestrial Radio Access (E-UTRA); Physical layer procedures
(Release 10), June 2011, 3GPP TS 36.213 V10.2.0 (2011-06)
Summary of Invention
Technical Problem
[0005]

In order to increase the number of terminals that can
be covered by a base station in a wireless communications
system capable of HARQ, enhanced physical downlink control
channel can be used in addition to physical downlink control
channel. With the conventional scheme for specifying
physical uplink control channel resources, physical uplink
control channel resources cannot be specified between the
base station and the terminal when a base station transmits
control information over an enhanced physical downlink
control channel, which hampers improvement in transmission

efficiency.



[0006]

The present invention has been made in view of the
problem, and an object thereof is to provide a base station,
terminal, communications system, and communication method
for, in a wireless communications system in which a base
station and a terminal communicates with each other,
allowing physical uplink control channel resources to be
efficiently specified even in a case where the base station
notifies the terminal of control information not only over a
physical downlink control channel but an enhanced physical
downlink control channel.

Solution to Problem
[0007]

(1) According to an aspect of the invention, there is
provided a terminal that communicates with a base station,
the terminal including: a downlink control channel detecting
unit that monitors a physical downlink control channel
allocated in a physical downlink control channel region and
an enhanced physical downlink control channel allocated in a
physical downlink shared channel region different from the
physical downlink control channel region; a data extracting
unit that, if the downlink control channel detecting unit
has detected the enhanced physical downlink control channel,
extracts transmit data on a physical downlink shared channel

associated with the detected enhanced physical downlink



control channel; a response information generating unit that
generates response information for the extracted transmit
data; an uplink control channel generating unit that
generates a physical uplink control channel by mapping the
response information to a physical uplink control channel
resource corresponding to an enhanced physical downlink
control channel resource in which the enhanced physical
downlink control channel was detected; and a response
transmitting unit that transmits a signal including the
physical uplink control channel.

[0008]

(2) The uplink control channel generating unit included
in the terminal according to an aspect of the invention
generates a physical uplink control channel by mapping the
response information to a physical uplink control channel
resource which is determined based on an index of the
enhanced physical downlink control channel resource and an
individual shift value configured individually for each
terminal.

[0009]

(3) The terminal according to an aspect of the
invention further includes a higher layer control
information acquiring unit that acquires control information
including a parameter indicating an individual shift wvalue

configured individually for each terminal, wherein the



uplink control channel generating unit generates a physical
uplink control channel by mapping the response information
to a physical uplink control channel resource which is
determined by adding the individual shift value to an index
of the enhanced physical downlink control channel resource.
[0010]

(4) The higher layer control information acquiring unit
included in the terminal according to an aspect of the
invention acquires control information including a parameter
indicating a common shift value configured in common for all
terminals, and the uplink control channel generating unit
generates a physical uplink control channel by mapping the
response information to the physical uplink control channel
resource that has an index of a value obtained by adding the
individual shift value and the common shift value to the
index of the enhanced physical downlink control channel
resource.

[0011]

(5) The uplink control channel generating unit included
in the terminal according to an aspect of the invention
generates a physical uplink control channel by mapping the
response information to a physical uplink control channel
resource which is determined by adding an individual shift
value configured for a slot in which the enhanced physical

downlink control channel was detected to an index of the



enhanced physical downlink control channel resource.
[0012]

(6) The terminal according to an aspect of the
invention further includes a higher layer control
information acquiring unit that acquires control information
including a parameter indicating a plurality of individual
shift values configured individually for each terminal,
wherein the downlink control channel detecting unit extracts
one of the plurality of individual shift values which is
indicated by the detected enhanced physical downlink control
channel, and wherein the uplink control channel generating
unit generates a physical uplink control channel by mapping
the response information to a physical uplink control
channel resource which is determined by adding the extracted
individual shift value to the index of the enhanced physical
downlink control channel resource.

[0013]

(7) According to an aspect of the invention, there is
provided a base station that communicates with a terminal,
the base station including: a physical control information
notification unit that notifies the terminal of an enhanced
physical downlink control channel allocated in a physical
downlink shared channel region; and a response information
receiving unit that extracts a physical uplink control

channel to which response information for transmit data on a



physical downlink shared channel associated with the

enhanced physical downlink control channel is mapped, from a
physical uplink control channel resource corresponding to an
enhanced physical downlink control channel resource in which
the enhanced physical downlink control channel was allocated.
[0014]

(8) The response information receiving unit included in
the base station according to an aspect of the invention
extracts the physical uplink control channel from a physical
uplink control channel resource which is determined based on
the index of the enhanced physical downlink control channel
resource and an individual shift value configured
individually for each terminal.

[0015]

(9) The base station according to an aspect of the
invention further includes a higher layer control
information notification unit that notifies the terminal of
control information including a parameter indicating an
individual shift value configured individually for each
terminal, wherein the response information receiving unit
extracts the physical uplink control channel from a physical
uplink control channel resource which is determined by
adding the individual shift value to an index of the
enhanced physical downlink control channel resource.

[0016]



(10) The higher layer control information notification
unit included in the base station according to an aspect of
the invention broadcasts control information including a
parameter indicating a common shift value configured in
common for all terminals, and the response information
receiving unit extracts the physical uplink control channel
from a physical uplink control channel resource that has an
index of a value obtained by adding the individual shift
value and the common shift value to the index of the
enhanced physical downlink control channel resource.

[0017]

(11) The response information receiving unit included
in the base station according to an aspect of the invention
extracts the physical uplink control channel from a physical
uplink control channel resource which is determined by
adding an individual shift value configured for a slot in
which the enhanced physical downlink control channel was
detected to an index of the enhanced physical downlink
control channel resource.

[0018]

(12) The base station according to an aspect of the
invention further includes a higher layer control
information notification unit that notifies the terminal of
control information including a parameter indicating a

plurality of individual shift wvalues configured individually



for each terminal, wherein the physical control information
notification unit notifies the enhanced physical downlink
control channel that indicates one of the plurality of
individual shift wvalues, and wherein the response
information receiving unit extracts the physical uplink
control channel from a physical uplink control channel
resource which is determined by adding the individual shift
value to an index of the enhanced physical downlink control
channel resource.

[0019]

(13) According to an aspect of the invention, there is
provided a communications system in which communication is
performed between a base station and a terminal, wherein the
terminal includes: a downlink control channel detecting unit
that monitors an enhanced physical downlink control channel
allocated in a physical downlink shared channel region; a
data extracting unit that, if the downlink control channel
detecting unit has detected the enhanced physical downlink
control channel, extracts transmit data on a physical
downlink shared channel associated with the detected
enhanced physical downlink control channel; a response
information generating unit that generates response
information for the extracted transmit data; an uplink
control channel generating unit that generates a physical

uplink control channel by mapping the response information



to a physical uplink control channel resource corresponding
to an enhanced physical downlink control channel resource in
which the enhanced physical downlink control channel was
detected; and a response transmitting unit that transmits a
signal including the physical uplink control channel. The
base station includes: a physical control information
notification unit that notifies the terminal of the enhanced
physical downlink control channel; and a response
information receiving unit that extracts a physical uplink
control channel to which response information for the
transmit data on the physical downlink shared channel
associated with the enhanced physical downlink control
channel is mapped, from a physical uplink control channel
resource corresponding to the enhanced physical downlink
control channel resource in which the enhanced physical
downlink control channel was allocated.

[0020]

(14) According to an aspect of the invention, there is
provided a communication method for a terminal that
communicates with a base station, the method including: a
step of monitoring a physical downlink control channel
allocated in a physical downlink control channel region and
an enhanced physical downlink control channel allocated in a
physical downlink shared channel region different from the

physical downlink control channel region; a step of, if the



enhanced physical downlink control channel has been detected,
extracting transmit data on a physical downlink shared
channel assocliated with the detected enhanced physical
downlink control channel; a step of generating response
information for the extracted transmit data; a step of
generating a physical uplink control channel by mapping the
response information to a physical uplink control channel
resource corresponding to an enhanced physical downlink
control channel resource in which the enhanced physical
downlink control channel was detected; and a step of
transmitting a signal including the physical uplink control
channel.

[0021]

(15) According to an aspect of the invention, there is
provided a communication method for a base station that
communicates with a terminal, the method including: a step
of notifying the terminal of an enhanced physical downlink
control channel allocated in a physical downlink shared
channel region; and a step of extracting a physical uplink
control channel to which response information for transmit
data on a physical downlink shared channel associated with
the enhanced physical downlink control channel is mapped,
from a physical uplink control channel resource
corresponding to an enhanced physical downlink control

channel resource in which the enhanced physical downlink



control channel was allocated.
Advantageous Effects of Invention
[0022]

According to the present invention, in a wireless
communications system in which a base station and a terminal
communicate with each other, physical uplink control channel
resources can be efficiently specified even in a case where
the base station notifies the terminal of control
information not only over a physical downlink control
channel but an enhanced physical downlink control channel.
Brief Description of Drawings
[0023]

[Fig. 1] Fig. 1 shows an exemplary configuration of a
communications system according to a first embodiment of the
present invention.

[Fig. 2] Fig. 2 shows an exemplary structure of a radio
frame for the downlink according to the first embodiment.

[Fig. 3] Fig. 3 shows an exemplary structure of a radio
frame for the uplink according to the first embodiment.

[Fig. 4] Fig. 4 1s a schematic block diagram showing an
exemplary configuration of a base station according to the
first embodiment.

[Fig. 5] Fig. 5 is a schematic block diagram showing an
exemplary configuration of a terminal according to the first

embodiment.



[Fig. 6] Fig. 6 shows the structure of physical uplink
resource blocks in an uplink control channel region to which
a PUCCH is assigned in the first embodiment.

[Fig. 7] Fig. 7 is a correspondence table showing
uplink control channel logical resources in the first
embodiment.

[Fig. 8] Fig. 8 shows physical resource blocks PRB and
virtual resource blocks VRB in PDCCH and PDSCH regions in
the first embodiment.

[Fig. 9] Fig. 9 shows an example of PRB-VRB mapping in
E-PDCCH and PDSCH regions in the first embodiment.

[Fig. 10] Fig. 10 shows another example of PRB-VRB
mapping in E-PDCCH and PDSCH regions in the first embodiment.

[Fig. 11] Fig. 11 shows an exemplary numbering of VRBs
in an E-PDCCH region in the first embodiment.

[Fig. 12] Fig. 12 illustrates the structure of PDCCH
and assignment of PUCCH resources in the first embodiment.

[Fig. 13] Fig. 13 illustrates the structure of E-PDCCH
and assignment of PUCCH resources in the first embodiment.

[Fig. 14] Fig. 14 illustrates the structure of E-PDCCH
and assignment of PUCCH resources in the first embodiment.

[Fig. 15] Fig. 15 illustrates the structure of E-PDCCH
and assignment of PUCCH resources in the first embodiment.

[Fig. 16] Fig. 16 shows the flow of a downlink data

transmission and response procedure between the base station



and the terminal according to the first embodiment.

[Fig. 17] Fig. 17 illustrates the structure of E-PDCCH
and assignment of PUCCH resources in the first embodiment.

[Fig. 18] Fig. 18 illustrates the structure of E-PDCCH
and assignment of PUCCH resources in the first embodiment.

[Fig. 19] Fig. 19 illustrates the structure of E-PDCCH
and assignment of PUCCH resources in the first embodiment.

[Fig. 20] Fig. 20 illustrates the structure of E-PDCCH
and assignment of PUCCH resources in the first embodiment.

[Fig. 21] Fig. 21 shows the flow of a downlink data
transmission and response procedure between the base station
and the terminal according to a second embodiment of the
invention.

[Fig. 22] Fig. 22 is a table showing correspondence
between slots and the shift value in the second embodiment.

[Fig. 23] Fig. 23 shows the flow of a downlink data
transmission and response procedure between the base station
and the terminal according to a third embodiment of the
invention.

[Fig. 24] Fig. 24 1is a table showing correspondence
between indices and the shift value in the third embodiment.

[Fig. 25] Fig. 25 shows an exemplary configuration of a
communications system.
Description of Embodiments

[0024]



(First Embodiment)

A first embodiment of the present invention is
described below. A communications system according to the
first embodiment includes a base station (base station
device, downlink transmitting device, uplink receiving
device, eNodeB) and a terminal (terminal device, mobile
station device, downlink receiving device, uplink
transmitting device, UE).

[0025]

Fig. 1 shows an exemplary configuration of the
communications system according to the first embodiment. 1In
Fig. 1, a base station 101 notifies a terminal 102 of
control information associated with downlink transmit data
104 over a PDCCH and/or an enhanced physical downlink
control channel (E-PDCCH) 103. The terminal 102 first
performs detection of control information. If control
information is detected, the terminal 102 uses it to extract
downlink transmit data 104. After detecting the control
information, the terminal 102 reports HARQ response
information (also referred to as "Ack/Nack") indicating
whether the downlink transmit data 104 has been successfully
extracted or not to the base station 101 over a PUCCH. If
the terminal 102 detects control information on the PDCCH, a
resource for the physical uplink control channel (PUCCH) 105

available for the terminal 102 is implicitly/tacitly and



uniquely determined from the resource for the PDCCH in which
the control information was assigned. If the terminal 102
detects control information in the E-PDCCH 103, the resource
for the PUCCH 105 available for the terminal 102 is
implicitly/tacitly and uniquely determined from the resource
of the E-PDCCH 103 to which the control information is
assigned.

[0026]

Fig. 2 shows an exemplary structure of a radio frame
for the downlink according to this embodiment. In the
downlink, the OFDM access scheme is employed. In the
downlink, PDCCH, physical downlink shared channel (PDSCH),
and so forth are assigned. A downlink radio frame consists
of a pair of downlink resource blocks (RBs). The downlink
RB pair is a unit used such as for assigning downlink radio
resources, consisting of a frequency band of a predetermined
width (RB bandwidth) and a time slot (two slots=one
subframe). A downlink RB pair consists of two downlink RBs
that are continuous in time domain (RB bandwidth x slots). A
downlink RB consists of twelve sub-carriers in frequency
domain and seven OFDM symbols in time domain. A region that
is defined by one sub-carrier in frequency domain and one
OFDM symbol in time domain is called a resource element (RE).
A physical downlink control channel is a physical channel on

which downlink control information such as terminal device



identifier, scheduling information for a physical downlink
shared channel, scheduling information for a physical uplink
shared channel, modulation scheme, coding rate, and
retransmission parameters are transmitted. While downlink
subframes in one component carrier (CC) are discussed herein,
downlink subframes are defined for each CC and downlink
subframes are substantially in synchronization with each
other among CCs.

[0027]

Fig. 3 shows an exemplary structure of an uplink radio
frame according to this embodiment. In the uplink, the SC-
FDMA scheme is employed. In the uplink, physical uplink
shared channel (PUSCH), PUCCH, and the like are assigned.
An uplink reference signal is assigned to part of the PUSCH
and/or the PUCCH. An uplink radio frame consists of an
uplink RB pair. The uplink RB pair is the unit used such as
for assigning uplink radio resources and the like,
consisting of a frequency band of a predetermined width (RB
bandwidth) and a time slot (two slots=one subframe). An
uplink RB pair consists of two uplink RBs that are
continuous in time domain (RB bandwidth x slots). An uplink
RB consists of twelve sub-carriers in frequency domain and
seven SC-FDMA symbols in time domain. While uplink
subframes in one CC are discussed herein, uplink subframes

are defined for each CC.



[0028]

Fig. 4 is a schematic block diagram showing an
exemplary configuration of the base station 101 in this
embodiment. The base station 101 includes a codeword
generating unit 401, a downlink subframe generating unit 402,
an OFDM signal transmitting unit (physical control
information notification unit) 404, a transmit antenna (base
station transmit antenna) 405, a receive antenna (base
station receive antenna) 406, an SC-FDMA signal receiving
unit (response information receiving unit) 407, an uplink
subframe processing unit 408, and a higher layer (higher
layer control information notification unit) 410. The
downlink subframe generating unit 402 has a physical
downlink control channel generating unit 403. The uplink
subframe processing unit 408 has a physical uplink control
channel extracting unit 4009.

[0029]

Fig. 5 is a schematic block diagram showing an
exemplary configuration of the terminal 102 in this
embodiment. The terminal 102 includes a receive antenna
(terminal receive antenna) 501, an OFDM signal receiving
unit (downlink receiving unit) 502, a downlink subframe
processing unit 503, a codeword extracting unit (data
extracting unit) 505, a higher layer (higher layer control

information acquiring unit) 506, a response information



- 20 -

generating unit 507, an uplink subframe generating unit 508,
an SC-FDMA signal transmitting unit (response transmitting
unit) 510, and a transmit antenna (terminal transmit
antenna) 511. The downlink subframe processing unit 503 has
a physical downlink control channel extracting unit
(downlink control channel detecting unit) 504. The uplink
subframe generating unit 508 has a physical uplink control
channel generating unit (uplink control channel generating
unit) 5009.

[0030]

First, using Figs. 4 and 5, the flow of downlink data
transmission and reception is described. At the base
station 101, transmit data (also called transport blocks)
sent from the higher layer 410 goes through processes such
as error correction coding and rate matching in the codeword
generating unit 401, and a codeword is generated. A maximum
of two codewords are transmitted simultaneously in a
subframe within a cell. The downlink subframe generating
unit 402 generates downlink subframes according to
instructions from the higher layer 410. The codeword
generated by the codeword generating unit 401 is first
converted to a modulation symbol sequence through a
modulation process such as phase shift keying (PSK)
modulation and guadrature amplitude modulation (QAM)

modulation. The modulation symbol sequence is also mapped



to REs of some RBs and downlink subframes for each antenna
port are generated through precoding. Downlink REs are
defined so as to respectively correspond to sub-carriers in
OFDM symbols. The transmit data sequence sent from the
higher layer 410 here contains control information (higher
layer control information) for radio resource control (RRC)
signaling. The physical downlink control channel generating
unit 403 generates a physical downlink control channel. The
control information contained in the physical downlink
control channel (downlink control information, downlink
grant) includes information such as modulation and coding
scheme (MCS) indicating the modulation scheme used in
downlink and the like, downlink resources assignment
indicating RBs used for data transmission, HARQ control
information used for HARQ control (redundancy version, HARQ
process number, new data indicator), and PUCCH-TPC
(transmission power control) commands used for closed loop
controlling transmission power on the PUCCH. The downlink
subframe generating unit 402 maps the physical downlink
control channel to REs in downlink subframes according to
instructions from the higher layer 410. The downlink
subframes for each antenna port generated by the downlink
subframe generating unit 402 are modulated into an OFDM
signal at the OFDM signal transmitting unit 404 and sent via

the transmit antenna 405.



[0031]

At the terminal 102, the OFDM signal is received by the
OFDM signal receiving unit 502 via the receive antenna 501
and OFDM demodulation is performed. The downlink subframe
processing unit 503 first detects a PDCCH (a first downlink
control channel) or an E-PDCCH (a second downlink control
channel) at the physical downlink control channel extracting
unit 504. More specifically, the physical downlink control
channel extracting unit 504 decodes it in a region in which
a PDCCH can be placed (a first downlink control channel
region) or in a region in which an E-PDCCH can be placed (a
second downlink control channel region, a potential E-PDCCH),
and checks its cyclic redundancy check (CRC) bits included
in advance (blind decoding). That is, the physical downlink
control channel extracting unit 504 monitors a PDCCH placed
in the PDCCH region and an E-PDCCH placed in the PDSCH
region, which is different from the PDCCH region. If the
CRC bits match an ID preassigned by the base station, the
downlink subframe processing unit 503 decides that a PDCCH
or an E-PDCCH has been detected and extracts the PDSCH using
control information contained in the detected PDCCH or E-
PDCCH. More specifically, RE demapping and/or demodulation
corresponding to the RE mapping and/or modulation performed
at the downlink subframe generating unit 402 is applied.

The PDSCH extracted from the received downlink subframes is



- 23 -

sent to the codeword extracting unit 505. The codeword
extracting unit 505 performs rate matching, error correction
decoding, and the like corresponding to the rate matching
and error correction coding performed at the codeword
generating unit 401 and extracts transport blocks, which are
then sent to the higher layer 506. That is, if the physical
downlink control channel extracting unit 504 has detected a
PDCCH or E-PDCCH, the codeword extracting unit 505 extracts
transmit data on the PDSCH associated with the detected
PDCCH or E-PDCCH, and sends it to the higher layer 506.
[0032]

Next, the flow of transmission and reception of HARQ
response information for downlink transmit data is described.
At the terminal 102, after the codeword extracting unit 505
determines whether transport blocks have been successfully
extracted or not, information indicating success/failure is
sent to the response information generating unit 507. The
response information generating unit 507 generates HARQ
response i1nformation and sends 1t to the physical uplink
control channel generating unit 509 in the uplink subframe
generating unit 508. In the uplink subframe generating unit
508, a PUCCH including the HARQ response information (uplink
control information) is generated by the physical uplink
control channel generating unit 509 based on parameters sent

from the higher layer 506 and the resource in which the



PDCCH or E-PDCCH was placed at the physical downlink control
channel extracting unit 504, and the generated PUCCH is
mapped to RBs of uplink subframes. That is, the response
information is mapped to a PUCCH resource to generate a
PUCCH. The SC-FDMA signal transmitting unit 510 applies SC-
FDMA modulation to the uplink subframes to generate an SC-
FDMA signal, and transmits it via the transmit antenna 511.
[0033]

At the base station 101, the SC-FDMA signal is received
by the SC-FDMA signal receiving unit 407 via the receive
antenna 406 and is subjected to SC-FDMA demodulation. The
uplink subframe processing unit 408 extracts the RBs to
which the PUCCH is mapped according to instructions from the
higher layer 410, and the physical uplink control channel
extracting unit 409 extracts the HARQ response control
information contained in the PUCCH. The extracted HARQ
response control information is sent to the higher layer 410.
The HARQ response control information is used for HARQ
control at the higher layer 410.

[0034]

Next, PUCCH resources handled in the uplink subframe
generating unit 508 will be discussed. HARQ response
control information is spread over an SC-FDMA sample region
using a cyclically shifted pseudo constant-amplitude zero-

auto correlation (CAZAC) sequence, and further spread over



four SC-FDMA symbols in a slot using an orthogonal cover
code (OCC) having a code length of 4. The symbols spread
with the two codes are mapped to two RBs of different
frequencies. Thus, a PUCCH resource is defined by three
elements: the cyclic shift value, an orthogonal code, and
mapped RBs. Cyclic shift in the SC-FDMA sample region can
also be represented by phase rotation that uniformly
increases in frequency domain.

[0035]

Fig. 6 shows the structure of physical uplink resource
blocks in an uplink control channel region to which a PUCCH
is assigned (uplink control channel physical resources). An
RB pair consists of two RBs having different frequencies in
a first slot and a second slot. A PUCCH is placed in any of
RB pairs with m=0, 1, 2,

[0036]

Fig. 7 is a correspondence table showing uplink control
channel logical resources. An example of PUCCH resources 1is
shown here representing a case where three orthogonal codes,
0C0, 0Cl, and 0C2, six cyclic shift wvalues, CS0O, CS2, Cs4,
CS6, CS8, and CS10, and "m" which indicates a frequency
resource are assumed as the elements constituting the PUCCH.
A combination of an orthogonal code, a cyclic shift wvalue,
and a value of m is uniquely defined for each value of npyccu,

which is an index indicating a PUCCH resource (an uplink



control channel logical resource). The correspondence
between npyccy and combinations of an orthogonal code, a
cyclic shift value, and m illustrated in Fig. 7 is an
example and other ways of correspondence are possible. For
example, correspondence may be such that the cyclic shift
value or m varies with consecutive values of npyccu.
Alternatively, CS1, CS3, CS5, CS7, CS9, and CS11 which are
cyclic shift values distinct from CS0O, CS2, CS4, CS6, CS8,
and CS10 may be used. In the shown example, the value of m
is equal to or greater than Ny;,. Frequency resources with m
smaller than Np, are N, frequency resources reserved for
PUCCH transmission for feeding back channel condition
information.

[0037]

Next, PDCCH and E-PDCCH are described. Fig. 8 shows
physical resource blocks PRB (physical RBs) and virtual
resource blocks VRB (virtual RBs) in PDCCH and PDSCH regions.
An RB in an actual subframe is called PRB, while an RB as a
logical resource used for RB assignment is called VRB. N
is the number of PRBs arranged in frequency direction within
a downlink CC. Numbers npp are assigned to PRBs (or PRB
pairs), where nes is 0, 1, 2, ..., N"gp-1 in ascending order
of frequency. The number of VRBs arranged in frequency
direction in a downlink CC is equal to N":. Numbers nyge

are assigned to VRBs (or VRB pairs), where nyg is 0, 1,



2, ..., N".-1 in ascending order of frequency. PRBs and
VRBs are explicitly or implicitly/tacitly mapped to each
other. Numbers as referred to herein may be represented as
indices as well.

[0038]

Now referring to Fig. 9, an example of mapping between
PRBs and VRBs in E-PDCCH region and PDSCH region is shown.
In this PRB-VRB mapping scheme, a PRB pair and a VRB pair
having the same nprg and nygg number are mapped to each other.
That is, a modulation symbol for transmit data or control
information assigned to REs of a VRB pair with nyzg 1s mapped
to REs of the PRB pair with nge=nvre as it is.

[0039]

Next, referring to Fig. 10, another example of PRB-VRB
mapping in E-PDCCH region and PDSCH region is shown. In
this PRB-VRB mapping scheme, VRBs that are contiguous on the
frequency axis are mapped to PRBs at positions discrete on
the frequency axis. Further, the VRB in the first slot and
the VRB in the second slot of a VRB pair having the same nyre
number are mapped to PRBs at positions discrete on the
frequency axis. However, the VRB from the first slot is
mapped to the PRB in the first slot and the VRB from the
second slot is mapped to the PRB in the second slot. That
is, frequency hopping within a slot and slot hopping

(frequency hopping among slots) are applied.



[0040]

As described, some (or all) of VRB pairs are defined as
an E-PDCCH region (a region in which an E-PDCCH can be
potentially placed). Further, in accordance with a PRB-VRB
mapping scheme specified explicitly or implicitly/tacitly,
some (or all) of PRB pairs in the PDSCH region or slot-
hopped PRBs are substantially defined as an E-PDCCH region.
[0041]

Fig. 11 shows an exemplary numbering of VRBs in an E-
PDCCH region. Of N ke VRB pairs, NETEPCCH . VRB pairs that
are configured in an E-PDCCH region are taken, and assigned
VRB index n®* """ for the E-PDCCH region as 0, 1, 2, ...,
NFTFPOCH e-1 starting with the VRB pair of the lowest
frequency. That is, in frequency domain, a set of N FP°% ..
VRBs is configured for potential E-PDCCH transmission
through the higher layer signaling (e.g., individual
signaling to terminals or common signaling in a cell).
[0042]

Next, the structure of PDCCH and assignment of PUCCH
resources are described. Fig. 12 illustrates the structure
of a PDCCH and assignment of PUCCH resources. A PDCCH
consists of multiple control channel elements (CCE) in the
PDCCH region. A CCE consists of multiple downlink resource
elements (resources each defined by one OFDM symbol and one

sub-carrier).



[0043]

CCEs in the PDCCH region are given number nccg for
identifying the CCEs. The CCEs are numbered according to a
predefined rule. A PDCCH consists of a set of multiple CCEs
(CCE aggregation). The number of CCEs constituting such a
set is called CCE aggregation level. The CCE aggregation
level for constructing the PDCCH is configured at the base
station 101 according to the coding rate set for the PDCCH
and the number of bits in downlink control information
(DCI) (control information sent on the PDCCH or E-PDCCH)
included in the PDCCH. Combinations of CCE aggregation
levels that can be used for a terminal are predetermined.
Also, a set of n CCEs is called "CCE aggregation level n".
[0044]

A RE group (REG) consists of four REs contiguous in
frequency domain. Further, a CCE consists of nine different
REGs distributed in frequency domain and time domain within
the PDCCH region. Specifically, interleaving is applied in
units of REG to all REGs that have been numbered in the
entire downlink CC using a block interleaver, and nine
contiguous REGs after the interleaving constitute one CCE.
[0045]

For each terminal, a search space (SS), which is a
region in which to search for the PDCCH, is configured. An

SS consists of multiple CCEs. CCEs are numbered beforehand,



and an SS consists of CCEs having consecutive numbers. The
number of CCEs that constitute a certain SS is predetermined.
An SS for each CCE aggregation level consists of a set of
multiple PDCCH candidates. SS is classified into cell-
specific search space (CSS or cell-specific SS) for which
the number of the CCE having the smallest number among the
CCEs constituting the SS is common in a cell, and terminal-
specific search space (USS or UE-specific SS) for which the
lowest CCE index is specific to a terminal. 1In the CSS, a
PDCCH to which control information intended for multiple
terminals 102 such as system information and paging
information is assigned (or included), or a PDCCH to which a
downlink/uplink grant indicating a command for fallback to a
lower-level transmission scheme or random access 1is assigned
(or included) can be placed.

[004¢6]

The base station 101 transmits the PDCCH using one or
more CCEs included in the SS which is configured at the
terminal 102. The terminal 102 decodes the received signal
using one or more CCEs in the SS and performs processing for
detecting any PDCCH intended to the terminal. As mentioned
earlier, this process is called blind decoding. The
terminal 102 configures different SSs for different CCE
aggregation levels. The terminal 102 then performs blind

decoding using a predetermined combination of CCEs in the SS



which is distinct from one CCE aggregation level to another.
In other words, the terminal 102 performs blind decoding on
PDCCH candidates in SSs that vary among CCE aggregation
levels. The series of actions thus conducted at the
terminal 102 is called PDCCH monitoring.

[0047]

Upon detecting a downlink grant in the PDCCH region,
the terminal 102 reports HARQ response information for
downlink transmit data (PDSCH) corresponding to the downlink
grant using a PUCCH resource corresponding to the CCE index
of the CCE having the lowest CCE index among the CCEs
constructing the PDCCH including the downlink grant.
Reversely, when placing a PDCCH containing a downlink grant,
the base station 101 places the PDCCH in CCEs that
correspond to the PUCCH resource in which the terminal 102
will report HARQ response information for downlink transmit
data (PDSCH) corresponding to the downlink grant. The base
station 101 receives the HARQ response information
corresponding to the PDSCH sent to the terminal 102 via the
PUCCH which it has scheduled. More specifically, as shown
in Fig. 12, among the CCEs that constitute a PDCCH
containing a downlink grant, a PUCCH resource that has an
index npyccy equal to the sum of the CCE number ncc: of the
first CCE and N;, which is a cell specific parameter,

represents the PUCCH resource assigned for HARQ response



information of downlink transmit data corresponding to the
downlink grant.
[0048]

It is also possible that multiple PUCCH resources are
required for one PDCCH, such as when there are two or more
pieces of HARQ response information because two or more
codewords are included in downlink transmit data
corresponding to a downlink grant or when one piece of
response information is sent by diversity transmission using
multiple PUCCH resources, for example. In such a case, of
the CCEs constituting the PDCCH containing the downlink
grant, the PUCCH resource corresponding to the lowest CCE
index and also a PUCCH resource having an index larger than
that PUCCH resource by one are used. More specifically, as
shown in Fig. 12, among the CCEs constituting the PDCCH
containing the downlink grant, the PUCCH resource having an
index npyccy equal to the sum of the CCE number ncee of the
first CCE and cell-specific parameter N;, and the PUCCH
resource having an index npyccn equal to the sum of the CCE
number nccg 0f the first CCE, one, and the cell-specific
parameter N; represent the PUCCH resources assigned for HARQ
response information of downlink transmit data corresponding
to the downlink grant. If two or more PUCCH resources are
required, PUCCH resources having indices which are larger by

one may be used in a similar manner.



[0049]

Next, the structure of E-PDCCH and assignment of PUCCH
resources are described. Fig. 13 shows the structure of E-
PDCCH and assignment of PUCCH resources. Note that the E-
PDCCH shown in Fig. 13 represents the E-PDCCH structure and
PUCCH resource assignment when cross-interleaving (a type of
interleaving in which individual elements constituting an E-
PDCCH are allocated across RBs, also called block
interleaving) is employed. An E-PDCCH consists of multiple
CCEs in an E-PDCCH region. Specifically, like a PDCCH, an
REG consists of four REs contiguous 1in frequency domain. A
CCE consists of nine different REGs distributed in frequency
domain and time domain in the E-PDCCH region. In the E-
PDCCH region, individual E-PDCCHs are allocated in the first
slot and the second slot.

[0050]

CCEs in the E-PDCCH region are assigned numbers n" "% .
for identifying the CCEs. In the E-PDCCH region, CCEs are
independently placed in the first slot and the second slot
and numbers for identifying the CCEs are also independently
assigned. In the described example, n" """, is configured
independently of neez. That is, some of the values of n®”
FPECH o overlap possible values of ncce.

[0051]

Upon detecting a downlink grant in the E-PDCCH region,



the terminal 102 reports HARQ response information for
downlink transmit data (PDSCH) corresponding to the downlink
grant using a PUCCH resource based on the CCE index of the
CCE having the lowest CCE index among the CCEs constructing
the E-PDCCH containing the downlink grant. When assigning
an E-PDCCH containing a downlink grant, the base station 101
assigns the E-PDCCH in the CCE corresponding to the PUCCH
resource in which the terminal 102 will report HARQ response
information for the downlink transmit data (PDSCH)
corresponding to the downlink grant. The base station 101
also receives the HARQ response information corresponding to
the PDSCH sent to the terminal 102 via the PUCCH which it
has scheduled. More specifically, as shown in Fig. 13, a
PUCCH resource that has an index npycen equal to the sum of
the CCE number n" . of the first CCE among the CCEs that
constitute the E-PDCCH containing a downlink grant and cell
specific parameter N; represents the PUCCH resource assigned
for HARQ response information of downlink transmit data
corresponding to the downlink grant. Since CCE index n"”
FPECE_ . for CCEs in the E-PDCCH region and CCE index nccz for
CCEs in the PDCCH region are independently assigned as
mentioned above, when assigning one or more PDCCHs and one
or more E-PDCCHs in the same subframe, the base station 101
carries out scheduling of downlink grant assignment in CCEs

such that the CCE number necsr 0of the first CCE of each PDCCH



and the CCE number n" ... of the first CCE of each E-PDCCH

are all different numbers.
[0052]

Alternatively, the base station 101 may assign n® "7
and nccg in connection with each other so that the CCE number
neeg of the first CCE of PDCCHs and the CCE number n® "™
of the first CCE of E-PDCCHs are all different numbers. For

E-PDCCH
cC

example, the first (lowest) wvalue of the n z value 1is

configured to Negcg Or a certain value greater than Necg. This

keeps some of n® PP

¢ values from overlapping possible
values of ncer and thus avoids collisions of PUCCH resources
within the same subframe.

[0053]

When multiple PUCCH resources are required for one E-
PDCCH, the PUCCH resource corresponding to the CCE index of
the CCE having the lowest CCE index among the CCEs
constructing the E-PDCCH containing the downlink grant and
the PUCCH resource having an index larger than that PUCCH
resource by one are used. More specifically, as shown in
Fig. 13, the PUCCH resource having index npyccy equal to the
sum of the CCE number n" ""“““..; of the first CCE among the
CCEs that constitute the E-PDCCH containing a downlink grant
and cell specific parameter N;, and the PUCCH resource
having index npuces equal to the sum of the CCE number n®~

FDCCH . of the first CCE, one, and the cell specific parameter



N; represent the PUCCH resources assigned to HARQ response
information for downlink transmit data corresponding to the
downlink grant. If multiple PUCCH resources are requilired,
PUCCH resources having indices which are larger by one may
be used in a similar manner. When assigning one or more
PDCCHs and one or more E-PDCCHs in the same subframe in such
a case, the base station 101 carries out scheduling of
downlink grant assignment in CCEs such that the CCE number
necg of the first CCE and the next largest CCE number necg of
each PDCCH and the CCE number n* """z of the first CCE and
the next largest CCE number n" . of each E-PDCCH are all
different numbers.

[0054]

Next, another example of E-PDCCH structure and
assignment of PUCCH resources is shown. Fig. 14 shows the
structure of an E-PDCCH and assignment of PUCCH resources.
Note that the E-PDCCH shown in Fig. 14 represents the E-
PDCCH structure and PUCCH resource assignment when cross-
interleaving is not employed. The E-PDCCH consists of
multiple VRBs in the E-PDCCH region. Specifically, unlike
the PDCCH, the E-PDCCH is made up of VRBs instead of CCEs,
being structured as a set of one or more contiguous VRBs.
The number of VRBs constituting such a set is called VRB
aggregation level. That is, in an E-PDCCH region to which

cross—-interleaving is not applied, an SS consists of



multiple VRBs. The VRB aggregation level with which to
construct an E-PDCCH is configured at the base station 101
according to the coding rate set for the E-PDCCH and the
number of bits in DCI to be included in the E-PDCCH.
Combinations of VRB aggregation levels that can be used for
the terminal 102 are predetermined, and the terminal 102
performs blind decoding using the predetermined combinations
of VRBs in a SS. In the E-PDCCH region, individual E-PDCCHs
are assigned in the first slot and the second slot.

[0055]

VRBs in the E-PDCCH region are assigned numbers n" """
for identifying the VRBs. In the E-PDCCH region, VRBs
constituting individual E-PDCCHs are placed in the first
slot and the second slot and numbers for identifying the
VRBs are also independently assigned. In the described

E-PDCCH
VR

example, n g is configured independently of nccg. That

is, some of the values of nF FPeeH

vre overlap possible values
of ncce.
[0056]

Upon detecting a downlink grant in the E-PDCCH region,
the terminal 102 reports HARQ response information for
downlink transmit data (PDSCH) corresponding to the downlink
grant using a PUCCH resource based on the VRB index of the

VRB having the lowest VRB index among the VRBs constructing

the E-PDCCH containing the downlink grant. Reversely, when



assigning an E-PDCCH containing a downlink grant, the base
station 101 assigns the E-PDCCH in the VRB corresponding to
the PUCCH resource in which the terminal 102 will report
HARQ response information for the downlink transmit data
(PDSCH) corresponding to the downlink grant. The base
station 101 also receives the HARQ response information
corresponding to the PDSCH sent to the terminal 102 via the
PUCCH which it has scheduled. More specifically, as shown
in Fig. 14, a PUCCH resource that has an index npyccy equal to
the sum of the VRB number n" " iz of the first VRB among
the VRBs that constitute the E-PDCCH containing a downlink
grant and cell specific parameter N; represents the PUCCH
resource assigned for HARQ response information of downlink
transmit data corresponding to the downlink grant. Since
VRB index n® M. for VRBs in the E-PDCCH region and CCE
index nceg for CCEs in the PDCCH region are independently
assigned as mentioned above, when assigning one or more
PDCCHs and one or more E-PDCCHs in the same subframe or
assigning two or more E-PDCCHs in the same subframe, the
base station 101 carries out scheduling of downlink grant
assignment in CCEs or VRBs such that the CCE number ncc or
n"""“.c; of the first CCE of each PDCCH or E-PDCCH and the
VRB number n" F°“f .. of the first VRB of each E-PDCCH are all
different numbers.

[0057]



When multiple PUCCH resources are required for one E-
PDCCH, the PUCCH resource corresponding to the VRB index of
the VRB having the lowest VRB index among the VRBs
constructing the E-PDCCH containing the downlink grant and
the PUCCH resource having an index larger than that PUCCH
resource by one are used. More specifically, as shown in
Fig. 14, the PUCCH resource having index npyccn equal to the
sum of the VRB number nE{mumwm of the first VRB among the
VRBs that constitute the E-PDCCH containing a downlink grant
and cell specific parameter N;, and the PUCCH resource
having index npyccy equal to the sum of the VRB number n®”
FDCCH s of the first VRB, one, and the cell specific parameter
N; represent the PUCCH resources assigned to HARQ response
information for downlink transmit data corresponding to the
downlink grant. If multiple PUCCH resources are required,
PUCCH resources having indices which are larger by one may
be used in a similar manner.

[0058]

While Fig. 14 describes re-assignment of n" """y

starting from O, nEﬁD“HW@ may be nyrg 1tself originally

assigned to VRBs. Alternatively, re-assigned n" "

g may be
used in blind decoding of a VRB set while nyzg may be used
for associating PUCCH resources as shown in Fig. 15.

Mapping from an E-PDCCH resource to a PUCCH resource may use

a similar mapping scheme to the one described with Fig. 14



just with replacement of n® """

p With nvgs.
[0059]

The foregoing description showed a mapping scheme in
which a PUCCH resource is uniquely determined from
configuring parameters for the E-PDCCH region, dynamic E-
PDCCH resources, and a cell specific parameter for mapping
from an E-PDCCH resource to a PUCCH resource. Next, a
mapping scheme which determines a PUCCH resource based on a
terminal specific parameter will be described.

[0060]

Fig. 16 illustrates the flow of a downlink data
transmission and response procedure between the base station
101 and terminal 102. The base station 101 broadcasts a
cell specific parameter N; using a broadcast channel, and
the terminal 102 obtains broadcast information (step S1601).
N; indicates the common shift value terminal-commonly
configured. Although the base station 101 broadcasts N; in
the illustrated example, this is not limitative. Similar
effects may be achieved with notification of N; via
individual signaling (RRC signaling) intended to each
terminal 102.

[0061]

Then, the base station 101 uses RRC signaling to notify

the terminal 102 of control information specifying

(configuring, indicating) an E-PDCCH region, and the



terminal 102 configures an E-PDCCH region based on the
control information (step S1602). Here, for specifying the
E-PDCCH region, a scheme that indicates some or all of RBs
within a frequency band is employed as mentioned above.
Alternatively, in combination with the scheme, some
subframes in time domain may be specified as subframes in
which the E-PDCCH can be placed. For example, a scheme of
specifying a subframe interval and an offset from a
reference subframe may be used. Alternatively, it is
possible to represent in bit map form whether an E-PDCCH can
be placed in a radio frame (10 subframes) or subframes in
nultiple radio frames.

[0062]

Then, the base station 101 uses RRC signaling to notify
the terminal 102 of control information specifying Np, which
is a parameter that can be configured specifically for each
terminal 102, and the terminal 102 configures Np based on
the control information (step S1603). Np indicates the
individual shift value which is configured specifically for
each terminal 102. While the base station 101 configures an
E-PDCCH region and thereafter Np is configured in the
illustrated example, this is not limitative. For example,
the base station 101 may configure Np and then the E-PDCCH
region, or the E-PDCCH region and Np may be configured at

the same time. Also, the default value of Np may be



configured to zero, in which case when the signaling at step
51603 is not performed (i.e., Np is not configured), the
subsequent process may be continued with Np assumed to be
Zero.

[0063]

Then, using the PDCCH or E-PDCCH, the base station 101
transmits a downlink grant and downlink transmit data
corresponding to the downlink grant to the terminal 102,
which receives the downlink grant and downlink transmit data
(step S1604). After receiving the downlink transmit data,
the terminal 102 generates HARQ response information.

[0064]

Finally, the terminal 102 determines the PUCCH resource
based on N; obtained as per step S1601, E-PDCCH region
configuration information obtained as per step S1602, Np
obtained as per step 51603, and resource information for the
downlink grant detected at step S1604, and uses the
determined PUCCH resource to report HARQ response
information (step S1605).

[0065]

Next, the E-PDCCH structure and PUCCH resource
assignment in this case are described. Fig. 17 shows the
structure of E-PDCCH and exemplary assignment of PUCCH
resources. Note that the E-PDCCH shown in Fig. 17

represents the E-PDCCH structure and PUCCH resource



assignment when cross-interleaving is employed, and the CCE
structure and assignment of CCE indices in the E-PDCCH
region are similar to Fig. 13.

[0066]

The PUCCH resource determined by adding Np, a terminal-
specific parameter, to the CCE number n" "™ .. of the first
CCE among the CCEs that constitute the E-PDCCH containing
the downlink grant is used. More specifically, as shown in
Fig. 17, the PUCCH resource that has index npyccn equal to the
sum of the CCE number n* ""““".; of the first CCE among the
CCEs that constitute the E-PDCCH containing the downlink
grant, the terminal specific parameter Np, and the cell
specific parameter N; represents the PUCCH resource assigned
for HARQ response information of downlink transmit data
corresponding to the downlink grant. While CCE index n"~
FDCCH, . for CCEs in the E-PDCCH region and CCE index nccz for
CCEs in the PDCCH region are independently assigned as
mentioned above, even if there is an overlap between nceg and
n"FP°M ., resources are shifted by Np, which is a terminal
specific parameter, in the cases of Figs. 12 and 17. This
can avoid overlap of PUCCH resources without involving
complicated scheduling. In addition, because resources can
be shifted by Np individually for each terminal 102,
complexity of E-PDCCH scheduling can be reduced even when E-

PDCCH is transmitted to multiple terminals 102 in separate



E-PDCCH regions in the same subframe. In other words,
because PUCCH resources corresponding to smaller CCE indices
are used when the elements constituting an E-PDCCH in the E-
PDCCH region are re-numbered, the problem of being subject
to PUCCH resource collisions can be resolved and the
probability of PUCCH resource collisions can be reduced. If
multiple PUCCH resources are required, PUCCH resources
having indices which are larger by one may be used.

[0067]

Next, another example of E-PDCCH structure and PUCCH
resource assignment in this case 1s described. Fig. 18
shows an example of E-PDCCH structure and assignment of
PUCCH resources. Note that the E-PDCCH shown in Fig. 18
represents the E-PDCCH structure and PUCCH resource
assignment when cross-interleaving is not employed, and the
VRB structure and assignment of VRB index in the E-PDCCH
region are similar to Fig. 14.

[0068]

As illustrated in Fig. 18, the PUCCH resource having
index npycey that equals the sum of the VRB number n" "7, of
the first VRB among the VRBs constituting the E-PDCCH
containing the downlink grant, the terminal specific
parameter Np, and the cell specific parameter N; represents
the PUCCH resource assigned to HARQ response information for

downlink transmit data corresponding to the downlink grant.



While VRB index n®" """ .. for VRBs in the E-PDCCH region and
CCE index neccg for CCEs in the PDCCH region are independently
assigned as mentioned above, even if there is an overlap
between ncer and n® "L, resources are shifted by Np, which
is a terminal specific parameter, in the cases of Figs. 12
and 18. This achieves similar effects to the cross-
interleaving case described in Fig. 17.

[0069]

Next, the E-PDCCH structure and PUCCH resource
assignment with the downlink grant placed in the second slot
will be described. Fig. 19 shows an example of the E-PDCCH
structure and assignment of PUCCH resources. Note that the
E-PDCCH shown in Fig. 19 represents the E-PDCCH structure
and PUCCH resource assignment when cross-interleaving is
employed, where the CCE structure and assignment of CCE
index in the E-PDCCH region are similar to Fig. 13 or 17
except for slots.

[0070]

As illustrated in Fig. 19, like Fig. 17, the PUCCH
resource that has index npyccy equal to the sum of the CCE
number n* ", of the first CCE among the CCEs that
constitute the E-PDCCH containing a downlink grant, the
terminal specific parameter Np, and the cell specific
parameter N; represents the PUCCH resource assigned to HARQ

response information for downlink transmit data



corresponding to the downlink grant. Consequently, also in
the case of E-PDCCH placement in the second slot, overlap of
PUCCH resources 1s prevented due to shift by Np terminal-
specifically configured even if an E-PDCCH placed in the
first slot addressed to other terminal and the CCE number n"
g of the first CCE are the same.

[0071]

Much the same applies to a no cross-interleaving case.
Fig. 20 shows an example of the E-PDCCH structure and
assignment of PUCCH resources. Note that the E-PDCCH shown
in Fig. 20 represents the E-PDCCH structure and PUCCH
resource assignment when cross-interleaving is employed,
where the VRB structure and assignment of VRB index in the
E-PDCCH region are similar to Fig. 14 or 18 except for slots.
[0072]

As shown in Fig. 20, like Fig. 18, the PUCCH resource
that has index npyecy equal to the sum of the VRB number n®~
FDCCH 5 of the first VRB among the VRBs that constitute the E-
PDCCH containing a downlink grant, the terminal specific
parameter Ny, and the cell specific parameter N; represents
the PUCCH resource assigned to HARQ response information for
downlink transmit data corresponding to the downlink grant.
Consequently, also in the case of E-PDCCH placement in the
second slot, overlap of PUCCH resources 1is prevented due to

shift by Np configured for each terminal even if an E-PDCCH



placed in the first slot addressed to other terminal and the
VRB number n" """ of the first VRB are the same. While
assignment of VRB index nE%D“HW@ is shown above, similar
effects can be achieved by introducing the terminal specific
parameter Np also in a case where nyre is instead used for
identification.

[0073]

While the above description assumes that a downlink
grant can be placed in the second slot, this is not
limitative. For example, the downlink grant may be
configured to be usually placed in the first slot only and
may be enabled to be placed also in the second slot if
certain control information is configured such as via RRC
signaling. Alternatively, the terminal 102 may provide the
base station 101 with terminal capability information
showing whether the terminal 102 supports reception of a
downlink grant in the second slot or not, and a downlink
grant may be sent in the second slot only to terminals 102
that support reception of downlink grant in the second slot.
This optimizes flexibility in E-PDCCH scheduling in
accordance with delay time from detection of a downlink
grant to detection of downlink data and transmission of
response information.

[0074]

As described, when transmitting downlink transmit data



in relation to a downlink grant in a E-PDCCH region, the
base station 101 assigns the downlink grant to a E-PDCCH
resource that corresponds to the uplink control channel
resource that will be used for reporting HARQ response
information corresponding to the downlink transmit data.
Preferably, the base station 101 adds a specified value to
the index of the element having the lowest index among the
elements constructing the E-PDCCH resource. The PUCCH
resource having an index equal to the sum is the PUCCH
resource corresponding to the E-PDCCH resource. The base
station 101 then monitors this uplink control channel
resource to extract HARQ response information.

[0075]

If the terminal 102 detects a downlink grant in the E-
PDCCH region, it reports HARQ response information for
downlink transmit data associated with the downlink grant
using a PUCCH resource corresponding to the E-PDCCH resource
in which the downlink grant was detected.

[0076]

In other words, the base station 101 sends the terminal
102 an E-PDCCH placed in a PDSCH region. The terminal 102
then monitors the PDCCH placed in the PDCCH region and an E-
PDCCH placed in a PDSCH different from the PDCCH region. If
the terminal 102 detects an E-PDCCH, it extracts transmit

data on the PDSCH associated with the detected E-PDCCH,



generates response information for the extracted transmit
data, and generates a PUCCH by mapping the response
information to the PUCCH resource corresponding to the E-
PDCCH resource in which the E-PDCCH was detected, and
reports the response information to the base station 101.
The base station 101 extracts the PUCCH to which the
response information for the transmit data on the PDSCH
associated with the E-PDCCH is mapped, from the PUCCH
resource corresponding to the E-PDCCH resource in which the
E-PDCCH was placed.

[0077]

This allows an uplink control channel to be dynamically
allocated to the terminal even when a downlink grant is
transmitted and received using an E-PDCCH. Consequently,
uplink control channels can be utilized efficiently.

[0078]

The base station 101 also explicitly notifies each
terminal 102 of a parameter for shifting PUCCH resources and
the terminal 102 determines the PUCCH resource in
consideration of the notified parameter. Preferably, the
parameter is added to the lowest index of the elements
constructing an E-PDCCH resource.

[0079]
In other words, the base station 101 notifies the

terminal 102 of control information including a parameter



indicating the individual shift value configured
individually for each terminal 102. The terminal 102
receives the control information containing the individual
shift parameter, and maps response information to the PUCCH
resource which is determined by adding the individual shift
value to the E-PDCCH resource index to generate a PUCCH.
The base station 101 extracts the PUCCH from the PUCCH
resource determined by adding the individual shift value to
the E-PDCCH resource index to obtain response information.
[0080]

This facilitates avoidance of overlap of uplink control
channels among terminals in dynamic assignment of uplink
control channels to the terminal 102 in a scenario where the
base station 101 and the terminal 102 transmit and receive
downlink grants using E-PDCCH. E-PDCCH or PDCCH thus can be
efficiently used.

[0081]

When cross-interleaving is not employed, if the
terminal 102 detects an E-PDCCH containing a downlink grant,
it reports HARQ response information via a PUCCH resource
having index npyecy determined from the VRB number n® 7. of
the first VRB among the VRBs constituting the E-PDCCH
containing the downlink grant. If the terminal 102 detects
a PDCCH containing a downlink grant, it reports HARQ

response information via a PUCCH resource having index npyccn



determined from the CCE number ncc of the first CCE among
the CCEs constituting the PDCCH containing the downlink
grant.

[0082]

When cross-interleaving is employed, upon detecting an
E-PDCCH containing a downlink grant, the terminal 102
reports HARQ response information via a PUCCH resource
having index npyccy determined from the CCE number nDPmm%@ of
the first CCE among the CCEs constituting the E-PDCCH
containing the downlink grant. If the terminal 102 detects
a PDCCH containing a downlink grant, it reports HARQ
response information via a PUCCH resource having index npyccn
determined from the CCE number ncc of the first CCE among
the CCEs constituting the PDCCH containing the downlink
grant.

[0083]

Consequently, PUCCH resources corresponding to E-PDCCH
and PUCCH resources corresponding to PDCCH can be shared.
It is therefore not necessary to define a new PUCCH resource
for E-PDCCH, which reduces processing at the terminal and
the base station.
[0084]

(Second Embodiment)

The first embodiment described above showed explicit

signaling of a shift (offset) wvalue for PUCCH resources. In



the second embodiment of the invention described below, a
shift (offset) value for PUCCH resources 1is
implicitly/tacitly specified. The communications system in
this embodiment can employ a similar configuration to the
communications system shown in Fig. 1. The configurations
of the base station 101 and terminal 102 in this embodiment
may be similar to the functional blocks shown in Figs. 4 and
5.

[0085]

Fig. 21 shows the flow of a downlink data transmission
and response procedure between the base station 101 and the
terminal 102. The base station 101 broadcasts N;, a cell
specific parameter, using a broadcast channel, and the
terminal 102 obtains broadcast information (step S2101).
While the base station 101 broadcasts N; in the illustrated
example, this is not limitative. Similar effects may be
achieved by the base station 101 notifying N; via individual
signaling (RRC signaling) addressed to each terminal, for
example.

[0086]

The base station 101 then uses RRC signaling to notify
the terminal 102 of control information specifying an E-
PDCCH region, and the terminal 102 configures an E-PDCCH
region based on the control information (step S2102).

[0087]



Then, using the PDCCH or E-PDCCH, the base station 101
transmits a downlink grant and downlink transmit data
corresponding to the downlink grant to the terminal, and the
terminal 102 receives the downlink grant and downlink
transmit data (step $S2103).

[0088]

The terminal 102 then uses a predetermined method to
determine Np according to information configured for each
terminal 102 (step S$S2104).

[0089]

Finally, the terminal 102 determines the PUCCH resource
based on N; obtained as per step S2101, E-PDCCH region
configuration information obtained as per step S2102,
resource information for the downlink grant detected at step
52103, and Np determined as per step S2104, and uses the
determined PUCCH resource to report HARQ response
information (step S2105).

[0090]

At step 2104, Np may be determined with such methods as
follows.
[0091]

(1) Np is determined from configuration information for
E-PDCCH region obtained at step $S2102. For example, Np is
calculated using the VRB index of the VRB having the lowest

VRB index nyrg among the VRBs constructing the E-PDCCH region.



Alternatively, the VRB index itself may be used as Np.
[0092]

(2) Np is determined from SS configuration for
monitoring downlink grants used at step 2103. For example,
as shown in Fig. 22, if the E-PDCCH is detected in the first
slot, the Np value is configured to A (a predetermined
value); 1f the E-PDCCH is detected in the second slot, the
Np value is configured to B (a predetermined value) which is
different from A. Alternatively, in a case of an MIMO-
multiplexed E-PDCCH, Np corresponding to the index of the
layer (transmission port) to which the E-PDCCH 1is assigned
may be used.

[0093]

(3) Np is determined from other configuration
information configured specifically for the terminal. For
example, an ID assigned to the terminal may be used to
calculate Np. For instance, Np may be calculated using an ID
assigned to the terminal and Ngcg Oor a cell specific
parameter specified by the base station, or by performing
remainder calculation on the ID. Alternatively, a value
that is associated with the transmission port or scramble
code ID used for downlink data transmission in advance may
be used.

[0094]

As described, the base station 101 implicitly/tacitly



notifies each terminal 102 of a parameter for shifting PUCCH
resources and the terminal 102 determines the PUCCH resource
in consideration of the parameter. Preferably, the
parameter is added to the lowest index of the elements
constructing the E-PDCCH resource.

[0095]

This facilitates avoidance of overlap of uplink control
channels among terminals in dynamic assignment of uplink
control channels to the terminal 102 in a scenario where the
base station 101 and the terminal 102 transmit and receive
downlink grants using E-PDCCH. E-PDCCH or PDCCH thus can be
efficiently used.

[0096]

(Third Embodiment)

The first embodiment described above showed semi-static
signaling of a shift (offset) wvalue for PUCCH resources. In
the third embodiment of the invention described below, a
shift (offset) value for PUCCH resources 1is dynamically
indicated. The communications system in this embodiment can
employ a similar configuration to the communication system
shown in Fig. 1. The configurations of the base station 101
and terminal 102 in this embodiment may be similar to the
functional blocks shown in Figs. 4 and 5.

[0097]

Fig. 23 shows the flow of a downlink data transmission



and response procedure between the base station 101 and the
terminal 102. The base station 101 broadcasts cell specific
parameter N; using a broadcast channel and the terminal 102
obtains broadcast information (step S2301). Although the
base station 101 broadcasts N; in the illustrated example,
this is not limitative. Similar effects may be achieved by
the base station 101 notifying N; via individual signaling
(RRC signaling) intended to each terminal 102, for example.
[0098]

Then, the base station 101 uses RRC signaling to notify
the terminal 102 of control information indicating an E-
PDCCH region, and the terminal 102 configures an E-PDCCH
region according to the control information (step S2302).
[0099]

The base station 101 then uses RRC signaling to notify
the terminal 102 of control information indicating multiple
values of Np, and the terminal 102 configures multiple Np
values according to the control information (step S2303).
[0100]

The base station 101 then sends a downlink grant and
downlink transmit data corresponding to the downlink grant,
using a PDCCH or E-PDCCH, to the terminal 102, which
receives the downlink grant and downlink transmit data (step
52304). The downlink grant contains information indicating

which one of the multiple Np values should be used.



[0101]

Finally, the terminal 102 determines the PUCCH resource
based on N; obtained as per step S2301, E-PDCCH region
configuration information obtained as per step S2302,
downlink grant resource information detected as per step
52304, and Np indicated as per steps S2303 and S2304, and
uses the determined PUCCH resource to report HARQ response
information (step S2305).

[0102]

As a way to configure the multiple Np values at step
2303, the number of Ny values 1s predetermined as shown in
Fig. 24 and the Np value corresponding to each index is
notified. In the example of Fig. 24, there are four
different Np values; any of four values A, B, C, and D is
notified. The downlink grant at step S2304 has an
information field in which an index specifying Np is
indicated, and Np can be determined by extracting the wvalue
of the information field. At step 2303, it is not necessary
to configure all of the multiple Np values. For example,
some of the values may be designated as fixed wvalues (e.g.,
zero) .

[0103]

As shown above, the base station 101 dynamically

indicates a parameter for shifting PUCCH resources for each

terminal 102, and the terminal 102 determines the PUCCH



resource in consideration of the indicated parameter.
Preferably, the parameter is added to the lowest index of
the elements constructing an E-PDCCH resource.

[0104]

This facilitates avoidance of overlap of uplink control
channels among terminals 102 in dynamic assignment of uplink
control channels to the terminal 102 in a scenario where the
base station 101 and the terminal 102 transmit and receive
downlink grants using E-PDCCH. E-PDCCH or PDCCH thus can be
efficiently used.

[0105]

The first embodiment showed semi-static and explicit
notification of Np, the second embodiment showed
implicit/tacit notification of Np, and the third embodiment
showed dynamic and explicit notification of Np. These
schemes may also be used in combination. For example, a
formula to determine an Np value may be predefined, and a
parameter which is semi-statically and explicitly indicated,
a parameter which is implicitly/tacitly indicated, and/or a
parameter which is dynamically and explicitly indicated may
be introduced as an element (or a term) of the formula.
Alternatively, the PUCCH resource may also be determined by
adding the multiple Np values to an E-PDCCH resource index.
[0106]

While the above described embodiments use resource



elements and resource blocks as the units of mapping data
channels, control channels, PDSCH, PDCCH, and reference
signals, and use subframe and radio frame as the units of
transmission in temporal direction, they are not limitative.
Similar effects can be achieved using region and time units
represented by certain frequency and time instead.

[0107]

While an enhanced physical downlink control channel 103
placed in a PDSCH region is referred to as E-PDCCH so that
it i1s clearly distinguished from the conventional physical
downlink control channel (PDCCH) in the above described
embodiments, this is not limitative. Even where the two
types of channel are both called PDCCH, implementing
different operations for an enhanced physical downlink
control channel placed in a PDSCH region and the
conventional physical downlink control channel placed in a
PDCCH region is substantially equivalent to the embodiments
in which E-PDCCH and PDCCH are distinguished.

[0108]

While the above described embodiments showed a case
where always a single downlink grant is received, this is
not limitative. For example, even in a scenario where
multiple downlink grants can be received, such as when
downlink grants for multiple cells are received at a time,

the processes described in the embodiments may be performed



for reception of a single downlink grant to attain similar
effects.
[0109]

Programs according to the present invention to run in a
base station and a terminal are programs that control a CPU
and the like (programs that cause a computer to function) so
that the functionality of the embodiments of the invention
described above is realized. Information handled in these
devices is temporarily saved in random access memory (RAM)
during 1its processing, and then stored in any of wvarious
kinds of read-only memory (ROM) and/or a hard disc drive
(HDD), from which it is read or modified or written by a CPU
as necessary. Recording media for storing the programs may
be any of semiconductor media (e.g., ROM, non-volatile
memory card), optical recording media (e.g., digital
versatile disc (DVD), magneto-optical disc (MO), mini-disc
(MD), compact disc (CD), or blu-ray disc (BD)), magnetic
recording media (e.g., magnetic tape, flexible disc), and
the like. Also, in addition to realizing the functionality
of the above described embodiments by execution of a loaded
program, the functionality of the present invention can also
be realized through cooperative processing with an operating
system or other application programs in accordance with
instructions from such a program.

[0110]



For distribution in a market, the programs may be
stored and distributed on portable recording media or
transferred to a server computer connected via a network
such as the Internet. 1In this case, a storage device of the
server computer is also included in the present invention.
Also, part or all of the base station and terminal described
in the embodiments may be realized by large scale
integration (LSI), which is typically an integrated circuit.
The functional blocks of the base station and the terminal
may be either individually implemented in chips or some or
all of them may be integrated into a chip. An integrated
circuit may be realized as a special purpose circuit or a
general-purpose processor instead of LSI. If an integrated
circuitry technology that replaces LSI emerges with progress
in semiconductor technology, integrated circuitry based on
such a technology could be employed.

[0111]

While the embodiments of the present invention have
been described with reference to the drawings, specific
configurations are not limited to the embodiments and design
changes within the scope of the invention are also
encompassed. Various modifications may be made to the
present invention within the scope defined by the claims,
and an embodiment practiced by combining appropriate

technical means disclosed in different embodiments also



falls within the technical scope of the invention. An
arrangement in which elements described in the embodiments
and having similar effects are interchanged is also
encompassed.

Industrial Applicability

[0112]

The present invention is advantageous for application
to a wireless base station device, wireless terminal device,
wireless communications system, and/or a wireless
communication method.

Reference Signs List

[0113]

101 base station

102 terminal

103 enhanced physical downlink control channel
104 downlink transmit data

105 physical uplink control channel

401 codeword generating unit

402 downlink subframe generating unit

403 physical downlink control channel generating unit
404 OFDM signal transmitting unit

405, 511 transmit antenna

406, 501 receive antenna

407 SC-FDMA signal receiving unit

408 uplink subframe processing unit



409
410,
502
503
504
505
507
508
509
510
2501
2502
2503
2504

2505

physical uplink control channel extracting unit
506 higher layer
OFDM signal receiving unit
downlink subframe processing unit
physical downlink control channel extracting unit
codeword extracting unit
response information generating unit
uplink subframe generating unit
physical uplink control channel generating unit
SC-FDMA signal transmitting unit
base station
terminal
physical downlink control channel
downlink transmit data

physical uplink control channel
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CLAIMS

1. A terminal apparatus configured to communicate with a base station apparatus, the
terminal apparatus comprising:

a downlink control channel detecting unit configured to detect an enhanced physical
downlink control channel (EPDCCH); and

a response transmitting unit configured to transmit HARQ response information using a
physical uplink control channel (PUCCH) resource for a physical downlink shared channel
(PDSCH) transmission indicated by a detection of the EPDCCH, the PUCCH resource being
determined on the basis of at least the sum of a value based on a lowest index of an element
constructing the EPDCCH and a value which is determined, within a plurality of values, from a field

in downlink control information of the EPDCCH.

2. A terminal apparatus configured to communicate with a base station apparatus, the terminal
apparatus comprising:

a downlink control channel detecting unit configured to detect an enhanced physical
downlink control channel (EPDCCHY); and

a response transmitting unit configured to transmit HARQ response information using a
physical uplink control channel (PUCCH) resource for a physical downlink shared channel
(PDSCH) transmission indicated by a detection of the EPDCCH, the PUCCH resource being
determined on the basis of at least the sum of a value based on a lowest index of an element
constructing the EPDCCH, a value which is determined, within a plurality of values, from a field in
downlink control information of the EPDCCH, and a value which is configured for each terminal by

dedicated RRC signaling,

3. The terminal apparatus according to claim 1, wherein
the PUCCH resource is determined further on the basis of at least a value which is

determined from an antenna port used for the EPDCCH transmission.

4. The terminal apparatus according to claim 1, wherein
the PUCCH resource is determined further on the basis of at least a value which is
configured by dedicated RRC signaling and a value which is determined from an antenna port used

for the EPDCCH transmission.
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5. The terminal apparatus according to claim 1, wherein

the downlink control channel detecting unit is configured to detect a PDCCH, and

the response transmitting unit is configured to transmit HARQ response information using
a PUCCH resource for a PDSCH transmission indicated by a detection of the PDCCH, the PUCCH
resource being determined on the basis of at least a lowest index of an element constructing the

PDCCH and a value which is common in a cell.

6. The terminal apparatus according to claim 1, wherein
the lowest index of the element constructing the EPDCCH is an index of an initial element

among elements constructing the EPDCCH.

7. A base station apparatus configured to communicate with a terminal apparatus, the base station
apparatus comprising;

a physical control information notification unit configured to transmit an enhanced
physical downlink control channel (EPDCCH); and

a response information receiving unit configured to receive HARQ response information
using a physical uplink control channel (PUCCH) resource for a physical downlink shared channel
{PDSCH) transmission associated with the EPDCCH, the PUCCH resource being determined on the
basis of at least the sum of a value based on a lowest index of an element constructing the EPDCCH
and a value which is defermined, within a plurality of values, from a field in downlink control

information of the EPDCCH.

8. A base station apparatus configured to communicate with a terminal apparatus, the base station
apparatus comprising:

a physical control information notification unit configured to transmit an enhanced
physical downlink control channel (EPDCCH); and

a response information receiving unit configured to receive HARQ response information
using a physical uplink control channel (PUCCH) resource for a physical downlink shared channel
(PDSCH) transmission associated with the EPDCCH, the PUCCIH resource being determined on the
basis of at least the sum of a value based on a lowest index of an element constructing the EPDCCH,

a value which is determined, within a plurality of values, from a field in downlink control
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information of the EPDCCH, and a value which 1s configured for each terminal by dedicated RRC

signaling.

9. The base station apparatus according to claim 7, wherein
the PUCCH resource is determined further on the basis of at least a value which is

determined from an antenna port used for the EPDCCH transmission.

10. The base station apparatus according to claim 7, wherein
the PUCCH resource is determined further on the basis of at least a value which is
configured by dedicated RRC signaling and a value which is determined from an antenna port used

for the EPDCCH transmission.

1 1. The base station apparatus according to claim 7, wherein
the physical control information notification unit is configured to transmit a PDCCH, and
the response information receiving unit is configured to receive HARQ response
information using a PUCCH resource for a PDSCH transmission associated with the PDCCH, the
PUCCH resource being determined on the basis of at least a lowest index of an element constructing

the PDCCH and a value which is common in a cell.

12. The base station apparatus according to claim 7, wherein
the lowest index of the element constructing the EPDCCH is an index of an initial element

among elements constructing the EPDCCH.

13. An integrated circuit used in a terminal apparatus communicating with a base station apparatus,
the integrated circuit comprising:

detecting an enhanced physical downlink control channel (EPDCCH); and

transmitting HARQ response information using a physical uplink control channel
(PUCCH) resource for a physical downlink shared channel (PDSCH) transmission indicated by a
detection of the EPDCCH, the PUCCH resource being determined on the basis of at least the sum of
a value based on a lowest index of an element constructing the EPDCCH and a value which is
determined, within a plurality of values, from a field in downlink control information of the

EPDCCH.
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14, An integrated circuit used in a base station apparatus communicating with a terminal apparatus,
the integrated circuit comprising:

trangmitting an enhanced physical downlink control channel (EPDCCH); and

receiving HARQ response information using a physical uplink control channel (PUCCH)
resource for a physical downlink shared channel (PDSCH) transmission associated with the
EPDCCH, the PUCCH resource being determined on the basis of at least the sum of a value based
on a lowest index of an element constructing the EPDCCH and a value which is determined, within a

plurality of values, from a field in downlink control information of the EPDCCH.

15. A communication method used in a terminal apparatus communicating with a base station
apparatus, the communication method comprising:

detecting an enhanced physical downlink control channel (EPDCCH); and

transmitting HAR(} response information using a physical uplink control channel
(PUCCH) resource for a physical downlink shared channel (PDSCH) transmission indicated by a
detection of the EPDCCH, the PUCCH resource being determined on the basis of at least the sum of
a value based on a lowest index of an element constructing the EPDDCCH and a value which is
determined, within a plurality of values, from a field in downlink control information of the

EPDCCH.

16. A communication method used in a base station apparatus communicating with a terminal
apparatus, the communication method comprising:

transmitting an enhanced physical downlink control channel (EPDCCH); and

receiving HARQ response information using a physical uplink control channel (PUCCH)
resource for a physical downlink shared channel (PDSCH} transmission associated with the
EPDCCH, the PUCCH resource being determined on the basis of at least the sum of a value based
on a lowest index of an element constructing the EPDCCH, a value which is determined, within a
plurality of values, from a field in downlink control information of the EPDCCH, and a value which

is configured for each terminal by dedicated RRC signaling.



