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DESCRIPTION
Title of Invention
TERMINAL APPARATUS AND COMMUNICATION METHOD

THEREOF

Technical Field
[0001] The present invention relates to a terminal apparatus and

a communication method thereof.

Background Art

[0002] In the uplink of the 3rd Generation Partnership Project
Long Term Evolution (3GPP LTE), single carrier transmission is
performed to maintain a low cubic metric (CM). More
specifically, in the presence of data signals, the data signals and

control information are time multiplexed and transmitted in a

physical uplink shared channel (PUSCH). The <control
information includes response signals (positive/negative

acknowledgments (ACK/NACK), hereinafter called "ACK/NACK
signals™) and channel quality indicators (hereinafter called the
“CQIs™). Data signals are divided 1nto code blocks (CB), and a
cyclic redundancy check (CRC) code is added to each code block
for error correction.

[0003] ACK/NACK signals and CQIs have different allocation
methods. (See Non-Patent Literatures 1 and 2., for example).
More specifically, ACK/NACK signals are allocated in parts of a
data signal resource by puncturing parts of the data signals (4

symbols) mapped to the resource adjacent to Reference Signals
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(RSs) (i.e., overwriting the data signals with the ACK/NACK
signals). In contrasts, CQIlIs are allocated over entire sub-frames
(2 slots). Since the data signals are allocated in resources other
than the CQI allocated resource, no CQIs are punctured (sece
FIG.1.) The reasons for the difference in allocation are as
follows: the allocation or non-allocation of an ACK/NACK signal
depends on the presence or absence of data signals in downlink.
In other words, it is more difficult to predict the occurrence of
ACK/NACK signals than it is to predict that of CQIs; hence,
puncturing capable of allocating the resource of a suddenly
occurring ACK/NACK signal 1is wused during mapping of
ACK/NACK signals. Meanwhile, the timing of CQI transmission
(i.e., sub-frames) is predetermined based on notification
information, which allows the determination of allocation of data
signal and CQI resources. Since ACK/NACK signals are
important information, they are assigned to symbols in the
vicinity of pilot signals, which have high estimation accuracy of
transmission paths, thereby reducing ACK/NACK signal errors.

[0004] A modulation and coding rate scheme (MCS) for data
signals in uplink is determined by a base station apparatus
(hereinafter called the *“base station” or “eNB”) based on the
channel quality of the uplink. An MCS for control information
in the uplink is determined by adding an offset to the MCS for
data signals (see Non-Patent Literaturel, for example). More
specifically, since control information is more important than
data signals, the MCS for control information is set to a lower

transmission rate than the MCS for data signals. This guarantees
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high-quality transmission of control information.

[0005] For example, in the 3GPP LTE wuplink, if control
information is transmitted in a PUSCH, the amount of resource
assigned to the control information is determined based on a
coding rate indicated in the MCS for data signals. More
specifically, as shown in equation 1 below, the amount of the
resource Q assigned to the control information is obtained by
multiplying the inverse of the coding rate of data signal by an

offset.

[1]

PUSCH ~initial PUSCH ~initial PUSCH
0 + P ) ’ M sC ) N svimb ’ 'B offser

Q= ...(Equation 1)

-1
SK,
r=0

[0006] With reference to equation 1, O indicates the number of
bits in control information (i.e., ACK/NACK signal or CQI) and P
indicates the number of bits for error correction added to the
control information (for example, the number of bits in CRC and
in some cases, P=0). The total of O and P (O + P) indicates the

number of bits in uplink control information (UCI). Mgl USER-

fnitial NgymbPUSCH‘i”mal, C and K, indicate the transmission
bandwidth for PUSCH, the number of symbols transmitted in the
PUSCH per unit transmission bandwidth, the number of code
blocks into which data signals are divided, and the number of bits
in each code block, respectively. UCI (i.e., control information)
includes ACK/NACK, CQI, a rank indicator (R1), which indicates

rank information, and a precoding matrix indicator (PMI), which

provides precoding information.
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[0007] With reference to equation 1, (Mgeh USCH-nitialg o PUSCH-
imitialy i dicates the amount of transmission data signal resources,
YK, indicates the number of bits in a single data signal (i.e., the
total number of bits in code blocks into which the data signal is
divided). Accordingly, ZK{/(MSCPUSCH'initiaI,NsymbPUSCH»initiai)
represents a value that depends the coding rate of the data signal
(hereinafter, called “coding rate™). The (Mgt boeh-
inmal'NsymprSCH'i“m“)/EKr shown in equation 1 indicates the
inverse of the coding rate of data signal (i.e., the number of
resource elements (RE: resource composed of one symbol or one

PUSCH inhdicates the

sub-carrier) used to transmit one bit). Borrses
amount of offset by which the above-mentioned inverse of the
coding rate of data signal is multiplied, and is reported from a
base station to each terminal apparatus (hereinafter, called the
“terminal” or UE) via upper layers. More specifically, a table
indicating candidates of the amounts of offset BofmePUSCH 1s
defined for each part of control information (i.e., ACK/NACK
signal and CQI). For example, a base station selects one amount

PUSCH
of offset Porrser

from the table (for example, see FIG.2)
containing candidates for the amount of offset BUHS““;SCH defined
for ACK/NACK signal and then notifies a terminal of a
notification index corresponding to the selected amount of offset.
As is evident from the term “PUSCH-initial.” (’MSCPUSCH’
initia

PUSCH-imitialy represents the amount of transmission

I'I\‘Iiéyrnb
resource for the initial transmission of a data signal.
[0008] The standardization of 3GPP LTE-Advanced, which

provides higher-speed transmission than 3GPP LTE, has started.
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The 3GPP LTE-Advanced system (hereinafter, may be called
“LTE-A system”) follows the 3GPP LTE system (hereinafter,
called “LTE system™). In 3GPP LTE-Advanced, base stations and
terminals that can communicate in a wideband frequency range of
40 MHz or higher will be introduced to achieve downlink
transmission rates of up to 1 Gbps.

[0009] In an LTE-Advanced uplink, the use of single user
multiple input multiple output (SU-MIMO) transmission in which
a single terminal transmits data signals in a plurality of layers
has been studied. In the SU-MIMO communications, data signals
are generated in a plurality of code words (CWs), each of which is
transmitted in different layers. For example, CW#0 1is
transmitted in layers #0 and #1, and CW#1 is transmitted in layers
#2 and #3. In each CW, a data signal is divided into a plurality
of code blocks and CRC is added to each code block for error
correction. For example, a data signal in CW#0 1s divided into

five code blocks and a data signal in CW#I1 into eight code

blocks. The “code word” can be regarded as a unit of data
signals to be retransmitted. The “layer™ is a synonym of a
Stream.

[0010] Unlike the above-mentioned LTE-A system, the LTE
systems disclosed in the above-mentioned Non-Patent Literatures
1 and 2 assume the use of the non-MIMO transmission in uplink.
In the non-MIMO transmission. a single laver is used at each
terminal.

[0011] In the SU-MIMO transmission, control information 1s

transmitted in a plurality of layers in some cases, and 1t is
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transmitted in one of the plurality of layers in other cases. For
example, in an LTE-Advanced uplink, allocation of an ACK/NACK
signal in a plurality of CWs and of a CQI in a single CW has been
studied. More specifically, since an ACK/NACK signal 1s the
most important information in all parts of control information, the
same ACK/NACK signal is allocated in all the CWs (i.e., the same
information 1is assigned to all layers (rank-1 transmission)),
thereby reducing inter-layer interference. The same ACK/NACK
signals transmitted in a plurality of CWs (i.e., space-division
multiplexed) are combined into a single part of information on a
transmission path, thereby eliminating the need for the receiving
side (base station) to separate the ACK/NACK signals transmitted
in a plurality of CWs. Accordingly, inter-layer interference that
may occur on the receiving side during the separation does not
occur. Thus, high receiving quality can be achieved. Note that
the description below assumes that the control information 1s an

ACK/NACK signal and allocated in two CWs (CW#0 and CW#1).

Citation List

Non-Patent Literatures

[0012]

NPL1

TS36.212 v8.7.0, “3GPP TSG RAN: Evolved Universal Terrestrial
Radio Access (E-UTRA); Multiplexing and channel coding”

NPL2

TS36.213 v8.8.0, “3GPP TSG RAN: Evolved Universal Terrestrial

Radio Access (E-UTRA):; Physical Layer Procedure”™
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Summary of Invention

Technical Problem

[0013] In the SU-MIMO communications, when transmitting
control information in a PUSCH, the amount of the resource
required to allocate control information (ACK/NACK signals) is
determined based on the coding rate of one of the two CWs, just
as in the LTE system (for example, Non-Patent Literature 1).
For example, as shown in equation 2 below, the coding rate rewso
of CW#0 of the two CWs (i.e., CW#0 and CW#1) 1is used to
determine the amount of the resource Qcwsg required to assign

control information in each layer.

[2]

I .
Qewso =} O+ P)x

offset

x preser /L} ... (Equation 2)

Tewso
[0014] In equation 2, L indicates the total number of layers (the
total number of layers to which CW#0 and CW#I1 are assigned).
In equation 2, as in equation 1, the amount of the resource
required to allocate control information in each layer is
determined by multiplying the inverse (l/rcweg) of the coding rate

PUSCH and then dividing the result

Tecwso by an offset amount Porrser
by the total number of layers L. A terminal uses the amount of
the resource Qcwgo determined in accordance with equation 2 to
transmit CW#0 and CW#1 assigned to the layers (i.e., L lavers).

[0015]In this case, however, when CW#0 and CW#1 are combined

in the base station, there is a concern that the reception quality of

control information after the combination may be poor and fail to
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meet a requirement.

[0016] CW#0, for example, is transmitted using the amount of
the resource Qcwgo which is determined based on the coding rate
rcwso of CW#0, that is, the amount of resource appropriate for
CW#0. Accordingly, control information allocated in CW#0 1s
likely to meet required reception quality. In contrast, CW#1 is
transmitted using the amount of the resource Qcwso which is
determined based on the coding rate rcwszo of CW#0 (that is, the
other CW). Thus, control information allocated in CW#I may
degrade in the reception quality if the layer to which CW#I1 is
allocated has a poor transmission path environment.

[0017] As shown in FIG.3, for example, CW#0 1s allocated in
layer #0 and layer #1 and CW#!1 is allocated in layer #2 and layer
#3. A description is given of a case where the coding rate of
CW#0 1is higher than the coding rate of CW#I. To put 1t
differently, the amount of resource required for the control
information allocated in CW#0 is smaller than that required for
the control information allocated in CW#1.

[0018] In layers #0 and #1, control information allocated in
CW#0 can meet the reception quality required by each CW (i.e.,
reception quality required for control information for the LTE
system/the number of CWs). In contrast, in layers #2 and #3, the
control information allocated in CW#1 has an amount of resource
determined based on CW#0: thus, the amount of resource to meet
the required reception quality runs short, thus failing to meet the
reception quality required for each CW. Thus, a combination of

the control information allocated in CW#0 and CW#] may result
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in a lower reception quality than that required for all the CWs
(i.e., reception quality required for control information in the
LTE system).

[0019] Accordingly, it is an object of the present invention to
provide a terminal capable of preventing the degradation of
reception quality of control information even in a case of
adopting the SU-MIMO transmission method, and also to provide

a communication method thereof.

Solution to Problem

[0020] A first aspect of the present invention provides a terminal
apparatus that transmits two code words to which control
information is allocated, in a plurality of different layers, the
apparatus including: a determination section that determines the
amount of resource of the control information in each of the
plurality of layers; and a transmission signal generating section
that generates a transmission signal through modulation of the
control information wusing the amount of the resource and
allocation of the modulated control information to the two code
words, in which the determination section determines the amount
of the resource based on a lower coding rate of the coding rates of
the two code words, or the average of the inverses of the coding
rates of the two code words.

[0621] A second aspect of the present invention provides a
communication method including: determining an amount of
resource of control information in ecach of a plurality of different

layvers in which two code words are transmitted, the control
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information being allocated in the two code words; modulating the
control information using the amount of the resource; and
allocating the modulated control information in the two code
words to generate a transmission signal, in which the amount of
the resource is determined based on a lower coding rate of the
coding rates of the two code words, or the average of the inverses

of the coding rates of the two code words.

Advantageous Effects of Invention
[0022] The present invention can prevent the degradation of
reception quality of control information even in a case of

adopting the SU-MIMO transmission method.

Brief Description of Drawings
[0023]

FIG.1 shows a conventional allocation of ACKs/NACKs and
CQlIs;

FIG.2 is a diagram provided for describing a table
containing candidates for an offset amount in the conventional
case:

FIG.3 is a diagram provided for describing a technical
problem:

FIG.4 is a block diagram showing the configuration of a
base station according to Embodiment 1 of the present invention:

FIG.5 is a block diagram showing the configuration of a
terminal according to Embodiment 1 of the present invention;

FI1G.6 shows exemplary correction factors according to
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Embodiment 1 of the present invention;

FIG.7 shows exemplary correction factors according to
Embodiment 2 of the present invention;

FIG.8 shows exemplary correction factors according to
Embodiment 2 of the present invention;

FIG.9 shows a technical problem in the case where the
number of layers differs between 1initial transmission and re-
transmission according to Embodiment 3 of the present invention;
and

FIG.10 shows a process for determining the amount of
resource of control information according to Embodiment 3 of the

present invention.

Description of Embodiment

[0024] Embodiments of the present invention will be hereinafter
described in detail with reference to the accompanying drawings.
In the embodiments, the same components are given the same
reference numerals without redundant descriptions.

[0025] Embodiment 1

(Overview of Communication System)

In the following description, a communications system
including base station 100 and terminal 200 as described
hereinafter is an LTE-A system, for example. Base station 100 1s
an LTE-A base station, and terminal 200 is an LTE-A terminal,
for example. The communication system 1s assumed to be a
frequency division duplex (FDD) system. Terminal 200 (LTE-A

terminal) can be switched between non-MIMO and SU-MIMO
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transmission modes.
[0026] (Configuration of Base Station)

FIG.11 is a block diagram showing the configuration of
base station 100 according to this embodiment.
[0027] In base station 100 as shown in FIG.4, setting section 101
sets control parameters related to resource allocation for control
information (including at least ACK/NACK signals or CQls)
transmitted in an uplink data channel (PUSCH) wused to
communicate with a terminal for which the control parameters are
set based on the transmitting and receiving capability of the
terminal (i.e., UE capability) or the state of the transmission
path. The control parameters include, for example, an amount of

PUSCH :
SCH 45 shown in

offset (for example, an amount of offset PBorrser
equation 2) used in allocation of resource of control information
transmitted by the terminal for which the control parameters are
set. Setting section 101 outputs setting information including
the control parameters to coding and modulating section 102 and
ACK/NACK and CQI receiving section 111.

[0028] For terminals performing the non-MIMO transmission,
setting section 101 generates MCS information for a single CW
(or transport block) and allocation control information including
resource (or resource block (RB)) allocation information, while
for terminals performing SU-MIMO transmission, setting section
101 generates allocation control information including MCS
information for the two CWs (or transport blocks), or the like.

[0029] The allocation control information generated by setting

section 101 includes wuplink allocation control information
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indicating uplink resource (for example, physical uplink shared
channel (PUSCH)) to which uplink data of a terminal is assigned,
and downlink allocation control information indicating downlink
resource (for example, physical downlink shared <channel
(PDSCH)) to which downlink data addressed to a terminal is
assigned. In addition, the downlink allocation control
information includes information indicating the number of bits of
ACK/NACK signals for the downlink data (i.e., ACK/NACK
information). Setting section 101 outputs the uplink allocation
control information to coding and modulating section 102,
reception processing sections 109 i1n reception sections 107-1 to
107-N, and ACK/NACK and CQI receiving section 111 and outputs
the downlink allocation control information to transmission signal
generating section 104 and ACK/NACK and CQI receiving section
I11.

[0030] Coding and modulating section 102 codes and modulates
the set information and uplink allocation control information
received from setting section 101, and then outputs the modulated
signals to transmission signal generating section 104,

[0031] Coding and modulating section 103 codes and modulates
transmission data to be received and then outputs the modulated
data signals (for example, PDSCH signals) to transmission signal
generating section 104.

[0032] Transmission signal generating section 104 allocates the
signals received from coding and modulating section 102 and the
data signals received from coding and modulating section 103 to a

frequency resource to generate frequency domain signals based on
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the downlink allocation control information received from setting
section 101. Transmission signal generating section 104 then
converts the frequency domain signals into time-waveform signals
using inverse fast Fourier transform (IFFT) processing, and adds a
cyclic prefix (CP) to the time waveform signals, thereby obtaining
orthogonal frequency division multiplexing (OFDM) signals.
[0033] Transmitting section 105 performs radio transmission
processing (upconversion and digital-analogue (D/A) conversion
and/or the like) on the OFDM signals received from transmission
signal generating section 104, and then transmits the signals
through antenna 106-1.

[0034] Reception sections 107-1 to 107-N are provided to
antennas 106-1 to 106-N, respectively. Reception sections 107
include respective radio processing sections 108 and reception
processing sections 109.

[0035] More specifically, radio processing sections 108 1in
respective reception sections 107-1 to 107-N receive radio signals
through respective antennas 106, perform radio processing
(downconversion and analog-digital (A/D) conversion and/or the
like) on the received radio signals and then output the resulting
reception signals to respective reception processing sections 109.
[0036] Reception processing sections 109 remove CP from the
reception signals and perform fast Fourier transform (FFT) on the
signals to convert the signals into frequency domain signals.
Reception processing sections 109 extract uplink signals for each
terminal (including data signals and control signals (1.e.,

ACK/NACK signal and CQI)) from the frequency domain signals
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based on the uplink allocation control information received from
setting section 101. If the reception signals are space-division
multiplexed (that is, a plurality of CWs are used (i.e., on the SU-
MIMO transmission)), reception processing sections 109 separate
and combine the CWs. Reception processing sections 109 then
perform inverse discrete Fourier transform (IDFT) processing on
the extracted (or extracted and separated) signals to convert the
signals into time domain signals. Reception processing sections
109 output the time domain signals to data reception section 110
and ACK/NACK and CQI receiving section 111.

[0037] Data reception section 110 decodes the time domain
signals received from reception processing sections 109 and then
outputs the decoded uplink data as reception data.

[0038]7 ACK/NACK and CQI receiving section 111 calculates the
amount of uplink resource to which ACK/NACK signals are
assigned, based on the setting information (i.e., control
parameters), the MCS information for uplink data signals (i.e.,
MCS information for each CW in the case of the SU-MIMO
transmission), and the downlink allocation control information
(for example, ACK/NACK information showing the number of bits
of ACK/NACK signals for downlink data) received from setting
section 101. For CQIs, ACK/NACK and CQI receiving section
111 further calculates an amount of uplink resource (e.g., PUSCH)
to which the CQI is assigned, using information concerning the
preset number of bits of a CQI. Based on the calculated amount
of resource, ACK/NACK and CQI receiving section 111 then

extracts ACK/NACKs or CQIs from each terminal for downlink
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data (PDSCH signals) from the channel (for example, PUSCH) to
which uplink data signals have been assigned.

[0039] If the traffic state in cells covered by base station 100
remains unchanged or if the measurement of an average reception
quality is needed, control parameters (for example, the amount of

PUSCH,
offset B()f‘i‘set )

to be notified by base station 100 to terminal
200 should preferably be transmitted in an upper layer at a long
notification interval (RRC signaling) from a perspective of
signaling. Transmitting all or part of these control parameters as
broadcast information leads to a reduction in an amount of
resource required for the notification. On the contrary, if
control parameters need to be dynamically changed in response to
the traffic state in cells covered by base station 100, all or part of
these control parameters should preferably be notified in a
PDCCH at a short notification interval.

[0040] (Terminal Configuration)

FIG.12 is a block diagram showing the configuration of
terminal 200 in accordance with Embodiment 1 of the present
invention. Terminal 200 is an LTE-A terminal which receives
data signals (downlink data) and transmits an ACK/NACK signal
corresponding to the data signals through a physical uplink
control channel (PUCCH) or PUSCH to base station 100.
Terminal 200 transmits a CQI to base station 100 in accordance
with instruction information notified through a physical downlink
control channel (PDCCH).

[0041] In terminal 200 shown in FIG.5, reception section 202

performs radio processing (down-conversion and analog-digital
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(A/D) conversion and/or the like) on radio signals received
through antenna 201-1 (1.e., OFDM signals herein) and outputs the
resulting reception signals to reception processing section 203.
The reception signals include data signals (for example, PDSCH
signals), allocation control information and upper layer control
information including setting information.

[0042] Reception processing section 203 removes CP from the
reception signals and performs fast Fourier transform (FFT) on
the remaining signals to convert the signals into frequency
domain signals. Reception processing section 203 then separates
the frequency domain signals into upper layer control signals (for
example, RRC signaling) including setting information, allocation
control information, and data signals (i.e., PDSCH signals), and
then demodulates and decodes the separated signals. Reception
processing section 203 also checks the data signals for an error,
and if the received data contains an error, a NACK signal 1is
generated, and if not, it generates an ACK signal as the
ACK/NACK signal. Reception processing section 203 outputs
ACK/NACK signals and ACK/NACK information and MCS
information in the allocation control information to resource
amount determining section 204 and transmission signal
generating section 205, and outputs setting information (for
example, control parameters (an amount of offset)) to resource
amount determining section 204, and outputs the uplink allocation
control information in the allocation control information (for
example, uplink resource allocation results) to transmission

processing sections 207 in respective transmitting sections 206-1
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to 206-M.

[0043] Resource amount determining section 204 determines the
amount of resource required to allocate ACK/NACK signals, based
on the ACK/NACK information (the number of bits of ACK/NACK
signals), MCS information and control parameters (an amount of
offset or the like) concerning resource allocation of control
information (ACK/NACK signals) received from reception
processing section 203. For CQIls, resource amount determining
section 204 determines the amount of resource required to
allocate CQIs, based on the MCS information and control
parameters (an amount of offset or the like) concerning resource
allocation of control information (CQls) received from reception
processing section 203, and the preset number of bits of a CQI.
In the case of the SU-MIMO transmission, where the two CWs
(CW#0 and CW#1) are transmitted 1in a plurality of layers,
resource amount determining section 204 determines the amount
of resource for each of the plurality of layers, the amount of the
resource being allocated to control information (ACK/NACK
signals) allocated in the two CWs (CW#0 and CW#1). More
specifically, resource amount determining section 204 determines
the amount of the resource based on either the lower coding rate
of the coding rates of the two CWs or the average of the inverses
of the coding rates of the two CWs. Details on methods for
determining the amount of the resource required to allocate
control information (ACK/NACKs or CQIs) in resource amount
determining section 204 is given hereinafter. Resource amount

determining section 204 outputs the determined amount of
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resource to transmission signal generating section 205.

[0044] Transmission signal generating section 205 generates a
transmission signal by allocating an ACK/NACK signal (error
detection result of downlink data), data signals (uplink data) and
CQIs (downlink quality information) in CWs allocated to one or
more layers based on the ACK/NACK information (the number of
bits of an ACK/NACK signal) and MCS information received from
reception processing section 203.

[0045] More specifically, transmission signal generating section
205 first modulates the ACK/NACK signal based on the amount of
the resource (i.e., the amount of resource of the ACK/NACK
signal) received from resource amount determining section 204.
Transmission signal generating section 205 also modulates the
CQl based on the amount of the resource (i.e., the amount of
resource of the CQIs) received from resource amount determining
section 204. Transmission signal generating section 205
modulates transmission data using the amount of the resource
specified by using the amount of the resource (i.e., CQI resource
amount) received from resource amount determining section 204
(the amount of the resource is specified by subtracting the amount
of CQI resource from the amount of the resource for each slot).
[0046] In the case of non-MIMO transmission., transmission
signal generating section 205 generates a transmission signal by
allocating the ACK/NACK signal, data signals and CQI that have
been modulated using the above-mentioned amount of resource in
a single CW. Meanwhile, in the case of SU-MIMO transmission,

transmission  signal generating section 205 generates a
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transmission signal by allocating the ACK/NACK signal and data
signals that have been modulated using the above-mentioned
amount of resource in the two CWs and by allocating the CQI in
one of the two CWs. Furthermore, in the case of non-MIMO
transmission, transmission signal generating section 205 assigns a
single CW to a single layer, and in the case of SU-MIMO
transmission, transmission signal generating section 205 assigns
the two CWs to a plurality of layers. For example, in the case of
the SU-MIMO transmission, transmission signal generating
section 205 assigns CW#0 to layer #0 and layer #1 and assigns
CW#1 to layer #2 and layer #3.

[06047] In the presence of data signals and CQIs to be
transmitted, transmission signal generating section 205 assigns
the data signals and CQIs to an uplink data channel (PUSCH) by
time multiplexing or frequency division multiplexing using a rate
matching in one of the plurality of CWs as shown in FIG.1. In
the presence of data signals and ACK/NACK signals to be
transmitted, transmission signal generating section 205 overwrites
part of the data signals with ACK/NACK signals in all of the
plurality of layers (i.e., puncturing). To put it differently,
ACK/NACK signals are transmitted in all the layers. In the
absence of data signals to be transmitted, transmission signal
generating section 205 assigns CQIs and ACK/NACK signals to an
uplink control channel (for example, PUCCH). Transmission
signal generating section 205 then outputs the transmission
signals thus generated (including ACK/NACK signals, data signals

or CQIs) to transmitting sections 206-1 to 206-M.
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[0048] Transmitting sections 206-1 to 206-M correspond to
antennas 201-1 to 201-M, respectively. Transmitting sections
206 include respective transmission processing sections 207 and
radio processing sections 208.
[0049] More specifically, transmission processing sections 207
in respective transmitting sections 206-1 to 206-M perform
discrete Fourier transform (DFT) to the transmission signals
received from transmission signal generating section 205 (i.e.,
signals corresponding to respective layers) to convert the data
signals, ACK/NACK signals and CQIls into frequency domain
signals. Transmission processing sections 207 then maps the
plurality of frequency components obtained by the DFT processing
(including ACK/NACK signals and CQIs transmitted on the
PUSCH) to the uplink data channels (PUSCH) based on the uplink
resource allocation information received from reception
processing section 203. Transmission processing sections 207
convert the plurality of frequency components mapped to the
PUSCH into time domain waveforms and add CP thereto.
[0050] Radio processing sections 208 perform radio processing
(upconversion and digital-analog (D/A) conversion and/or the
like) on the signals to which CP has been added, and then transmit
the signals through respective antennas 201-1 to 201-M.
[0051] (Operations of Base Station 100 and Terminal 200)

The operations of base station 100 and terminal 200 having
the above-mentioned configurations will be described below. In
particular, the method used by resource amount determining

section 204 of terminal 200 to determine the amount of the
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resource required to allocate control information (ACK/NACKs or
CQIs) will be described in details. In the following description,
the method for determining the amount of the resource in the SU-
MIMO transmission, where a plurality of CWs to which control
information is allocated are transmitted in a plurality of layers,
will be described.
[0052] In the following description, terminal 200 (transmission
signal generating section 205) allocates ACK/NACK signals,
which are control information, in the two CWs (i.e., CW#0 and
CWH#1).
[0053] Determination Methods 1 to 5 for determining the amount
of the resource of control information are described below.
[0054] <Determination Method 1>

In Determination Method 1, resource amount determining
section 204 determines the amount of the resource required to
allocate control information in each laver based on the lower
coding rate of the coding rates of the two CWs to which control
information 1s allocated. More specifically, resource amount
determining section 204 determines the amount of the resource
required to allocate control information in each layer Qcwzo « cw#i
based on the lower coding rate of the coding rates of CW#0 and
CW#1 (coding rate riowmcs) in accordance with equation 3.
[3]

r
Qewsoecws = O+ P)x

x rUsH /L} ... (Equation 3)

. offset
Fiowntcs |

[0055] With reference to equation 3, O indicates the number of

bits in control information and P indicates the number of bits for
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error correction added to control information (for example, the
number of bits in CRC and in some cases, P=0). L indicates the
total number of layers (the total number of layers containing
CWs).

[0056] Resource amount determining section 204, as shown in
equation 3 and as 1n equation 1, determines the amount of the
resource of control information in each layer by multiplying the
inverse (l/riowmcs) of the coding rate riowmcs by the amount of
offset Boffge(PUSCH, and then dividing the result by the total
number of layers L.

[0057] In this manner, the reception quality required by each CW
can be ensured in all the layers. More specifically, in the layer
containing CW#0 or CW#1 having the lower coding rate (i.e., CW
with the coding rate Tiowmcs), the amount of resource Qewso + cwe)
determined based on the coding rate rjowmcs. that 1is, an
appropriate amount of resource 1s used for transmission, thus
ensuring the control information allocated in that CW meets the
required reception quality. In the layer containing CW#0 or
CW#1 having the higher coding rate, the amount of the resource
Qcw#o + cwe# determined based on the coding rate rjowmcs (that is,
the coding rate of the other CW) is used for transmission, but that
amount 1s equal to or more than the appropriate amount of
resource. Thus, the control information allocated in that CW can
sufficiently meet the required reception quality.

[0058] As shown above, 1n accordance with Determination
Method 1, resource amount determining section 204 uses a CW

with the lower coding rate of the coding rates of the plurality of
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CWs to determine the amount of the resource of control
information in each layer. In other words, resource amount
determining section 204 uses a CW assigned to a layer in a poor
transmission path environment among a plurality of CWs to
determine the amount of the resource of control information in
each layer, thus ensuring that required reception quality 1is
sufficiently met in all the CWs, including the CW assigned to a
layer in a poor transmission path environment. Thus, base
station 100 can meet reception quality required by all the CWs
(i.e., reception quality required by control information in an LTE
system). Accordingly, by combining CW#0 and CW#I into
control information, base station 100 can ensure that the
combined control information can meet the required reception
quality, and prevent the degradation of reception quality of the
control information.
[0059] Determination Method 2>

In Determination Method 2, resource amount determining
section 204 determines the amount of the resource of control
information in each layer based on the average of the inverses of
the coding rates of the two CWs. More specifically, resource
amount determining section 204 determines the amount of the
resource Qcwso + cwsy; of control information in each layer 1in
accordance with equation 4 below.
[4]

}" ] 1

,,.1!,. ,,,,,,,,,,,

g o Few & PUSCH i
Qrp conewss =1 O+ P)x L2 5 X B L - (Equation
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[0060] In equation 4, rcweso indicates the coding rate of CW#(
and rcws) indicates the coding rate of CW#1.

[0061] Resource amount determining section 204, as shown 1in
equation 4 and as in equation 1, determines the amount of the
resource of control information in each layer by multiplying an
average of the inverse (l/rcwso) of the coding rate rewso and the
inverse (1/rcws;) of the coding rate recws; by an amount of offset

PUSCH 4nd dividing the result by the total number of layers

Borrser
L.
[0062] One bit of the control information allocated in CW#0 1is
coded into (l/rcwsg) bit. Likewise, one bit of the control
information allocated in CW#1 is coded into (l/rcws;) bit. In
other words, the average of the number of bits obtained by coding
one bit of the control information in each CW ((l/rewso) +
(I/trcws1)/2) corresponds to the average of the number of bits
appropriate for combining CW#0 and CW#1. Thus, the average
of the inverses of the CW coding rates ((l/rcwseo) + (1/rewu1)/2)
equals the inverse of the coding rate of a combined CW obtained
by combining CW#0 and CW#1.

[0063] In accordance with Determination Method 1 (equation 3),
the amount of resource is determined based on the lower coding
rate of the coding rates of the two CWs (i.e., CW#0 and CWH#I).
This means that an appropriate amount of resource is determined
for the layer containing a CW with the lower coding rate among
CW#0 and CW#1, while an amount of resource equal to or more

than an appropriate amount of resource is determined for the layer
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containing the other CW (i.e., CW with the higher coding rate),
which results in wasteful use of resource.

[0064] In contrast, in accordance with Determination Method 2,
resource amount determining section 204 determines the amount
of resource of control information in each layer based on the
inverse of the coding rate of a combined CW obtained by

f the

combining CW#0 and CW#1 (the average of the inverses o
coding rates of CW#0 and CW#1).

[0065] an amount of resource smaller than that determined by
Determination Method 1 for the layer containing a CW with a
higher coding rate between CW#0 and CW#I] is determined. In
other words, Determination Method 2 can reduce more wasteful
use of resource than Determination Method 1 for a layer allocated
to a CW with the higher coding rate. In contrast, an amount of
resource less than an appropriate amount of resource 1s
determined for a layer allocated to a CW having the lower coding
rate. As described above, since resource amount determining
section 204 determines the amount of the resource such that a
combined CW obtained by combining all the CWs can meet
required reception quality, base station 100 combines CW#0 and
CW#1 and ensures that the combined control information can meet
required reception quality.

[0066] As described above, in accordance with Determination
Method 2, resource amount determining section 204 determines
the amount of resource required to assign control information in

each layer based on the average of the inverses of the coding

rates of the plurality of CWs. This prevents the degradation of
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reception quality of control information while reducing wasteful
use of resources.
[0067] <Determination Method 3>

In Determination Method 3, resource amount determining
section 204 determines the amount of the resource of control
information in each layer based on the inverse of the coding rate
of one of the two CWs and a correction factor notified from base
station 100. More specifically, resource amount determining
section 204 determines the amount of the resource Qcwso + cws; of

control information in each layer in accordance with equation 5

below.

[5]

N 1 PUSCH < « -~
chwm(rwmz{ O+ P)x X Boser X Vopsen ! L ... (Equation 5)

r(‘Wé"() i

[0068] In equation 5, rcwso indicates the coding rate of CW#0
and Yofrser indicates a correction factor notified from base station
100 as a control parameter.

[0069] Resource amount determining section 204, as shown in
equation 5 and as in equation 1, determines the amount of the
resource of control information in each layer by multiplying the
inverse (l/rcwsg) of the coding rate rewso by an amount of offset

PUSCH further multiplying the resulting resource amount by

Boffset
a correction factor virrser, and dividing the result by the total
number of layers L.

[0070] An exemplary correction factor V.rrser notified from base

station 100 is shown in FIG.6. Base station 100 selects a

correction factor 7Yarrse; based on a difference in coding rate
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between two CW#0 and CW#1 (difference in reception quality) or
a coding rate ratio between CW#0 and CW#I1 (ratio of reception
quality).

[0071] More specifically, if the coding rate of a single CW
(coding rate rcwxzo of CW#0 in this case) used to determine the
amount of the resource of control information is lower than the
coding rate of the other CW (coding rate rcwyi of CW#1 in this
case), base station 100 uses a correction factor vgrerser 0f a value
less than 1.0 (any of the correction factors for the signaling #A to
#C shown in FIG.6}.

[0072] On the other hand, if the coding rate of a single CW
(coding rate rcwszo of CW#0 in this case) used to determine the
amount of the resource of control information is higher than the
coding rate of the other CW (coding rate recws; of CW#1 in this
case), base station 100 uses a correction factor V,rrser €xceeding
1.0 (one of correction factors for the signaling #E and #F shown
in F1G.6).

[0073] The smaller the difference in coding rate between the
CWs (difference in reception quality) is, the closer to 1.0 the
correction factor Verrser Selected by base station 100 i1s (if there is
no difference in coding rate between the CWs (i.e., the rates are
identical), the correction factor for signaling #D shown in FIG.6
(1.0) 1s selected).

[0074] Base station 100 notifies terminal 200 of setting
information including control parameters including the selected
correction factor VYerrser (the signaling number of the correction

i

factor vorrse) via the upper layers.
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[0075] As described above, resource amount determining section
204 wuses a correction factor vYorfser set in accordance with a
difference in coding rate (a difference in reception quality)
between the two CWs to correct the amount of the resource
determined based on the coding rate (inverse) of one of the two
CWs.

[0076] As shown above, determination of the amount of the
resource based on the inverse of the lower coding rate of the
coding rates of the two CWs (coding rate recwso of CW#O0 in this
case) results in setting of an excess amount of resource for the
other CW (CW#1 in this case), for example. To cope with this
problem, resource amount determining section 204 can reduce the
excess use of resource for the other CW (CW#!1 in this case) by
multiplying the amount of the resource determined based on the
inverse of the lower coding rate by a correction factor Yorrser 0f a
value less than 1.0. Likewise, determination of the amount of
the resource based on the inverse of the higher coding rate of the
coding rates of the two CWs results in an insufficient amount of
resource for the other CW. To address this problem, resource
amount determining section 204 can increase the amount of the
resource of the other CW by multiplying the amount of the
resource determined based on the inverse of the higher coding
rate by a correction factor vosrser o0f a value exceeding 1.0.

[0077] As described above, equation 5 corrects the amount of the
resource determined based on the coding rate of one of CWs
(coding rate rcwso of CW#0 in this case) with a correction factor

Yorfser S€t in accordance with a difference in coding rate between
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the two CWs, thereby allowing the calculation of the amount of
the resource based on the two CWs (i.e., required reception
quality of a combined CW obtained by combining the two CWs).
[0078] To put it differently, resource amount determining section
204 corrects the coding rate (inverse) of one of the two CWs 1in
accordance with the difference in coding rate between the two
CWs. More specifically, resource amount determining section
204 adjusts the corrected coding rate such that the coding rate is
approximated to the average of the coding rates of the two CWs
by adopting a larger correction factor (vY.rrser) for the coding rate
(i.e., inverse) of one of the two CWs in response to a larger
difference in coding rate between the two CWs. Accordingly, the
inverse of the corrected coding rate (Yorfset/Tcwso 10 equation 5)
corresponds to the average of the inverses of the coding rates of
the two CWs (i1.e., the value to which the corrected coding rate is
approximated). Resource amount determining section 204
determines the amount of the resource of control information in
each layer based on the average of the inverses of the coding
rates of the two CWs (i.e., the inverse of the corrected coding
rate (Yorrset/Tcwxo 1D equation 5).

[0079] As shown above, in accordance with Determination
Method 3, resource amount determining section 204 determines
the amount of the resource required to allocate control
information in each layer based on the inverse of the coding rate
of one CW and a correction factor set in accordance with a
difference in coding rate between the two CWs. In this manner,

the amount of the resource in consideration of both of the two
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CWs can be determined, which in turn, prevents the degradation
in reception quality of control information while reducing
wasteful use of resource.

[0080] In accordance with Determination Method 3, even in the
case where the coding rate of one of the two CWs (coding rate
rcwso of CW#0 in equation 5) is extremely low (for example, rcwso
is infinitely close to 0), assignment of an excessive amount of
resource to control information can be prevented by multiplying
the amount of the resource calculated based on the coding rate
Tcwso by a correction factor vy,prer Se€t in accordance with a
difference in coding rate between the two CWs. This means that
the correction factor can prevent the assignment of an excessive
assignment of resources.

[0081] If it is pre-determined that the lower coding rate of the
coding rates of the two CWs is used to determine the amount of
the resource Qcwso « cwei1, instead of the coding rate recwszo of
CW#0 shown in equation 5, only correction factors Yofrser OFf
values equal to 1.0 or lower may be used as candidates. For
example, among the candidates for correction factor vyirrse: In
FIG.6, only the correction factors 7y,rrser for the signaling #A to
#D may be set. This leads to a reduction in the amount of
signaling used for notification of the correction factors Yorrser-
[0082] Likewise, if it is pre-determined that the higher coding
rate of the coding rates of the two CWs is used to determine the
amount of the resource Qcwsg « cws1. instead of the coding rate
recwso of CW#0 shown in equation 5. only correction factors Yorfser

of values equal to 1.0 or higher may be used as candidates. For
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example, among the candidates for correction factor Yorrser 1IN
FIG.6, only the correction factors Yorrser for the signaling #D to #F
may be set. This leads to a reduction in the amount of signaling
used for notification of the correction factors Yoerser-
[0083] A plurality of correction factor 7Y.rrse: candidate tables
may be provided and switched depending on whether the coding
rate recwzo of CW#0 in equation 5 1s the lower or higher coding
rate of the coding rates of two CWs. For example, if the coding
rate rcwso of CW#0 in equation 5 is the lower coding rate of the
coding rates of the two CWs, a candidate table containing the
correction factors vY,rrser for the signaling #A to #D shown in
FIG.6 may be used. In contrast, if the coding rate recwso of CW#0
in equation 5 is the higher coding rate of the coding rates of the
two CWs. a candidate table containing correction factors Yorrse:
for the signaling #D to #E shown in FIG.6 may be used.
[0084] <Determination Method 4>

Determination Method 4 1is identical to Determination
Method 3 (equation 5) in that the amount of the resource of
control information 1is calculated based on the coding rate
(inverse) of one of the two CWs, except for the calculation
method of the correction factor.
[0085] Hereinafter, Determination Method 4 is described in
details.
[0086] Since the two CWs to which control information is
allocated are combined at base station 100 as described above,
focusing on “reception quality of one™ of the two CWs, reception

quality of (“reception quality of a combined CW"/“reception
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quality of one of the two CWs™) fold is obtained after combining
the two CWs. The “reception quality of a combined CW™ is
obtained when the two CWs are combined.

[0087] To maintain the reception quality required for the entire
CWs, the correction factor for the amount of the resource of
control information calculated based on the coding rate (inverse)
of one of CWs may be set to (“reception quality of one of
CWs”/“reception quality of a combined CW™). This ensures the
reception quality necessary to maintain the reception quality
required by each CW to which control information is allocated at
a minimum amount of resource required after combination of the
two CWs.

[0088] In general, the following relationship holds between the
reception quality and the coding rate: The higher the reception
quality of a signal is, the higher the coding rate of the signal is.
Thus, (“coding rate of one of CWs™/“coding rate of a combined
CW?™) can be substituted for (“reception quality of one of
CWs”/“reception quality of a combined CW™) as a correction
factor. The “coding rate of a combined CW" is obtained by
combining two CWs.

[0089] Resource amount determining section 204 uses equation 6
below to set a correction factor vgogrser Which is represented by
(“coding rate of one of CWs (rcwso) / coding rate of a combined
CW (rewso + cwer) ). In equation 6., the coding rate rcwszg of
CW#0 of the CW#0 and CW#1 is used as the “coding rate of one

of CWs™.

[6]
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coding rate of one of CWs (7, )

’yo/ﬁw = . .
- coding rate of a combined CW (71 . i)
M PUSCH -initial N PUSCH ~initial M PUSCH —inirial PUSCH —initial
CW #0sc YO 20 omb T M eyang, IV OW # gomb
=Tewso X - '
) Coppeg—1 CH ]

-1
K('Wﬁ']

C
W E0
Sk

r=0 r=0

... (Equation 6)

PUSCH-initial « _ 4:
mrtEt indicates a PUSCH

[0090] In equation 6, Mcwsosc
transmission bandwidth for CW#0, Mcwsisc oo mitialindicates a
PUSCH transmission bandwidth for CW#I1, NCWMSymbPUSCH"'“mm
indicates the number of transmission symbols in PUSCH per unit
transmission bandwidth for CW#0, and NcwmSymbPUSCH'i”m“
indicates the number of transmission symbols in PUSCH per unit
transmission bandwidth for CW#I1. Ccwso indicates the number
of code blocks into which a data signal allocated in CW#O0 1s
divided, Ccws; indicates the number of code blocks into which a
data signal allocated in CW#1 1s divided. Krcwﬂ“q indicates the
number of bits in each code block in CW#0 and K,m’v#I indicates
the number of bits in each code block in CW#1. For example, if
CW#0 is assigned to two layers and assigned to 12 transmission
symbols and has 12 sub-carriers in each layer, the amount of the
resource of CWH#HO {MCW#GSCPUSCH—mitia}_NCW#USythUSCH—initia}) ‘s

PUSCH-in1itial

288 (RE). To be more precise, the Mcwsosc equals 12

PUSCH-initia

: N 1 . .
sub-carriers, and the Ncwsosyms equals 24 transmission

symbols (two layers each have 12 transmission symbols): thus, the

. . PUSCH-

amount of the resource ot CW#0 (Mcwsosce

initial w PUSCH-initial . .

IO N Cwaosymb ey is 288 (=12 % 24). Note that
PUSCH-initial PUSCH-initial ; PUSCH-initial

Mcweosc , Mcwsisc , News#osymb and

PUSCH-initial . . .
Ncewsisymb USCH-imitial ponresent values at initial transmission.
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PUSCH-initial PUSCH-

PUSCH-initial
[0091] (Mcwsosc "Newsosymb - Mcwszisc

ini‘ia1~NcwmgymbPUSCH'mma‘) shown in equation 6 indicates the total
amount of transmission resources of respective data signals in
CW#0 and CW#1, and (ZK,“V"" + TK,“™*!) indicates the total
number of transmission symbols in a PUSCH (or the total number
of bits in CW#0 and CW#1) to which respective data signals in

CW#0 and CW#1 (all code blocks) are assigned. Accordingly,

PUSCH—ini{ial.NCW PUSCH-initial + PUSCH-

(Mcwszosc #0Symb Mcwsisc

initial.NCW#IsymbPUSCH»initia])/( SK,CWF0 4 SK,SYFL) shown  in
equation 6 indicates the inverse of the coding rate of a combined
CW (1/(coding rate of a combined CW (rcw#o « cw#1)))-

[0092] Resource amount determining section 204 assigns the
correction factor vy.rrser shown 1in equation 6 to, for example,
equation 5. Resource amount determining section 204 determines
the amount of the resource of control information Qcws#o « cwgiin

each layer in accordance with equation 7 below:

[7]
PUSCH-initial 5 ; PUSCF-initial M PUSCH-initial By PUSCH-initial
CWHO s¢ CWHO svih CWilse CWH# svmb PUSCH
Q(‘W#O+CW#1: (O+P)' Crpmn Compin 'ﬂofﬂ'er /L
| ZK:’{W‘O L ZKf,sm
| r=0 =

... (Equation 7)
[0093] Resource amount determining section 204, as shown in
equation 7 and as in equation [, determines the amount of the
resource of control information in each layer by multiplying the
inverse (l/rcwso) of the coding rate recwso by an amount of offset
PUSCH

Borfser to obtain an amount of resource, multiplying the

resulting amount of resource by a correction factor Yorrser, and
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then dividing the result by the total number of layers L.

[0094] the result obtained by multiplying the inverse (l/rcw#o) of
the “coding rate of one of CWs (rcweg¢)  1n equation 5 by a
correction factor ygorrse: shown in equation 6 (“coding rate of one
of CWs (rcwso)”/7coding rate of a combined CW (rewso = cw#1) ) is
equivalent to the inverse of the coding rate of a CW obtained by
combining CW#0 and CW#1 (1/(coding rate of a combined CW
(rcwso « cw#1))). In other words, the inverse of the coding rate of
a combined CW (1/(coding rate of a combined CW (rcwso « cws1))),
that is, the average of the inverses of the coding rates of the two
CWs can be obtained by correcting the inverse of the coding rate
of one of the two CWs (1/rcwso) with a correction factor vorrse
(equation 6). Accordingly, resource amount determining section
204 uses the inverse of the coding rate of a combined CW as the
average of the inverses of the coding rates of the two CWs to
determine the amount of the resource of control information in
each layer.

[0095] As shown above, 1n Determination Method 4, resource
amount determining section 204 determines the amount of the
resource required to allocate control information in each layer
based on the inverse of the coding rate of one of CWs, and the
correction factor calculated based on the ratio of reception
quality (i.e., the ratio of coding rates) between the two CWs. In
other words, resource amount determining section 204 uses the
ratio between the coding rate (reception quality) of one of CWs
and the coding rate (reception quality) of a combined CW

obtained by combining the two CWs. that is, the ratio of coding
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rates (i.e., ratio of reception quality) between the two CWs as a
correction factor. This allows resource amount determining
section 204 to obtain the reception quality necessary to maintain
the reception quality required by each CW to which control
information 1is allocated at a minimum amount of resource
required. As shown above, Determination Method 4 can
determine the amount of the resource in consideration of both the
two CWs, thus preventing the degradation of reception quality of
control information without wasteful use of resource.

[0096] Furthermore, Determination Method 4 allows terminal 200
to calculate a correction factor based on the coding rates
(reception quality) of the two CWs, thus eliminating the need for
base station 100 to notify terminal 200 of a correction factor,
unlike in Determination Method 3. More specifically,
Determination Method 4 can reduce the amount of signaling from
base station 100 to terminal 200, as compared with Determination
Method 3.

[0097] In Determination Method 4. the denominator of the
correction factor vYorrser Shown in equation 6 indicates the total
number of bits in CW#0 and CW#I1. Accordingly, even if the
coding rate of either CW#0 or CW#1 1s extremely low (data size
is extremely small), the correction factor v.rrser 15 determined,
taking the coding rate of the other CW into account, thereby
preventing assignment of an excess amount of resource to the
control information.

[0098] <Determination Method 5>

If the same control information 1s transmitted in a plurality
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of layers at the same time and at the same frequency, that is, if a
rank-1 transmission 1s performed, the amount of the resource
allocated to control information transmitted in each of a plurality
of layers is equal.
[0099] In such a case, resource amount determining section 204
should preferably determine the amount of the resource of control
information 1n each layer based on the number of bits that can be
transmitted in the same amount of resource (for example, a certain
number of REs (for example, a single RE)) in each layer.
[0100] More specifically, the coding rate rcwse of CWHO
indicates the number of bits in CW#0 that can be transmitted
using a single RE, and the coding rate rcws of CW#1 indicates
the number of bits in CW#1 that can be transmitted using a single
RE. Assuming that the number of layers in which CWH#0 is
allocated is indicated by Lcwso and the number of layers in which
CW#1 1s allocated is indicated by Lcwsi, and the number of bits
Wgre that can be transmitted using a single RE in all the layers
((Lewso © Lewwy) layers) is obtained from equation §:
[8]

Wee = Vewoo X Lewso ¥ Foypss X Lewsn ... (Equation §)
[0101] To put it more specifically, this equation indicates that
each layer can transmit (Wgrg/(Lcwso + Lewsi)) bits of data signal
using a single RE on average. Namely, (Wgre/(Leweo = Leowsr))
may be used as the average of coding rates (i.e., the number of
bits that can be transmitted using a single RE) of a CW allocated
to each layer. This achieves reception quality necessary to

maintain the reception quality required by each CW to which the
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control information is allocated at a minimum amount of resource
required after combination of the two CWs transmitted in a
plurality of layers.

[0102] Resource amount determining section 204, in accordance
with equation 9 below, determines the amount of the resource of
control information Qcwso - cw#; in each layer based on the
inverse of the average of the coding rates of the CWs assigned to
each layer ((rcwszo X Lewso * Towsr X Lews1)/(Lewso + Lewsr)).

(9]

Lo +L..
_ cwsn T bews
cwsoscwin =| (O+P)-

-ﬂPUSCH/L} ... (Equation 9)

offset ]
Yewno X Lewso T ¥ewn * Lews ;

[0103] Resource amount determining section 204, as shown in
equation 9 and as in equation 1, determines the amount of the
resource of control information in each layer by multiplying the
inverse of the average of the coding rates of the CWs assigned to
each layer ((Lecwso = Lewsi)/(reweo X Lewso + tewer X Lewer)) by

the amount of offset BOfmePUSCH

and then dividing the result by
the total number of layers L.

[0104] The average of the coding rates of the CWs assigned to
each layer ((rcwso ¥ Lowso T rewsr X Lewsr) / (Lewso + Leowsr)), as
shown in equation 9, can be represented by recwso ¥ (Lewso/(Lcowso
+ Lews1)) + rewst X (Lewsi/(Lewsgo + Lewsi1)). This indicates that
the coding rate recwszo of CW#0 1s weighted by the proportion of
the number of layers to which CW#0 1s assigned (Lcwseg) in all the
number of layers (Lcwwso + Lewsr), and that the coding rate rews;

of CW#1 is weighted by the proportion of the number of layers to

which CW#1 1is assigned (Lcwsi) in all the number of layers
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(Lewso + Lewsr).

[0105] In other words, resource amount determining section 204
weights the coding rate of each CW by the proportion of the
number of layers to which the CW 1is assigned in all the layers to
which a plurality of CWs are assigned. To be more precise, the
greater the proportion of the number of layers to which a CW is
assigned in all the layers to which a plurality of CWs are assigned
is, the greater the weight given to the coding rate of the CW is.
For example, in Determination Method 2 (equation 4), the average
of the coding rates of the two CWs is simply calculated, and the
number of layers to which each CW is assigned is not taken into
account. In contrast, in Determination Method 5 (equation 9),
the average of the coding rates of a CW 1in all the layers
containing the CW can be calculated accurately.

[0106] As shown above, in accordance with Determination
Method 5, resource amount determining section 204 determines
the amount of the resource of control information in each layer
using the average of the numbers of bits that can be transmitted in
the same amount of resource (for example, a single RE) in each
layer as the average of the coding rates of the CWs allocated to
each layer. In this manner, the amount of the resource in
consideration of the two CWs assigned to a plurality of layers can
be determined. Thus, the degradation of reception quality of
control information can be prevented without wasteful use of
resource.

[0107] Since the rank-1 transmission 1is used for control

information, the amount of resource is identical for each layer.
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In contrast, a transmission mode other than the rank-I
transmission may be used for data signals, in which case the
amount of the resource varies depending on layers. In such a
case, the same amount of resource i1s assumed for each layer and
the average number of transmittable bits is calculated, as shown
in Determination Method 5, which allows calculation of an
appropriate amount of resource. In other words, Determination
Method 5 is applicable to data signals with different transmission
bandwidths. Suppose, for example, that, on initial transmission
(i.e., in sub-frame 0), CW#0 is responded with ACK and CW#1 is
responded with NACK, and on retransmission (i.e., in sub-frame
8), a new packet is assigned for CW#0 and a retransmission
packet is assigned for CW#1. In this case, there may be a case
where the transmission bandwidth differs between the new packet
and the retransmission packet in sub-frame 8. In this case, the
amount of the resource of control information is calculated by
assigning the information on CW#0 that is transmitted initially in
sub-frame 8 as CW#0 information, and the information on CW#!
that was transmitted initially in sub-frame 0 in equation 9 as
CW#1 information. This method allows calculations of the
amount of the resource, assuming that each layer uses the same
amount of resource to transmit control information, and is
effective when the same control information in a plurality of
layers is transmitted at the same time and at the same frequency,
that is, when rank-1 transmission is performed.

[0108] Furthermore, Determination Method 5 allows terminal 200

to calculate the correction factor based on the coding rates
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(reception quality) of the two CWs, thereby eliminating the need
for base station 100 to notify terminal 200 of the correction
factor, wunlike in Determination Method 3. Accordingly,
Determination Method 5 can reduce the amount of signaling from
base station 100 to terminal 200, as compared with Determination
Method 3.

[0109] In Determination Method 5, the denominator of the
portion corresponding to the inverse of the coding rates 1in
equation 9 ((Lcwso * Lewsi) / (rewgo ¥ Leowso * rewsr X Lewsi))
indicates the total number of bits transmittable using a single RE
in all the layers to which CW#0 and CW#1 are assigned. This
can prevent assignment of an excess amount of resource to control
information since the coding rate of the other CW 1is taken into
account, even if either CW#0 or CW#1 has an extremely lower
coding rate (extremely small data size).

[0110] Assuming that the same amount of resource is assigned to

layers to each of which a CW 1is assigned, the following equations

are obtained: MCW#OSCPUSCH-mHi“'Ncw#osymbPUSCH'
initiaI:MSCPUSCH—initiai (0).NsymbPUSCH-initial (O)'LCW#(}. and
MCW#1SCPUS(‘H-ini1iaLNCWHSymbP{JS('H-initiaE:MSCPUS(“H-%M{%M(}) ,Nsymbpusm;,
initial(l) “Lews- The MSCPUSCH-initiaI (0}.NSymbPUSCH~iniliaI (0

indicates an amount of the resource of data signals on initial
transmission for each of layers to which CW#0 is assigned, and
the Mg USCH-initial <13,Nsymbpusq‘wmmai (1) indicates an amount of
the resource of data signals on initial transmission for each of
layers to which CW#1 is assigned. Equation 9 can be simplified

to equation 10 wusing the abovementioned equations. Since
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LewsotLews =L, equation 10 is equivalent to equation 11.
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[0111]

(Equation 11)

Assuming that the same amount of resource is assigned to

each of layers to which a CW 1is assigned (Wxayer'—'—'MSCPUSCH‘

initial
10 'NSymb

12.
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PUSCH-ini{ial)

. equation 9 can be simplified to equation
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... (Equation 12)
[0112] ((Lewso + Lewsr) X Wiayer) in equation 12 is equivalent to

equation 13 below:

5 [13]
PUSCH ~mitial PUSCH ~initial PUSCH —initial PUSCH ~initial
) N :
Mersase N(‘W#Gsvvmb M oy, CW #1 gymb
(Equation 13)
i 7 PUSCH-initial - PUSCH-initial
[0113] Since  Wiayer=Msc LI Citia nd

LewsotLewsi =L, equation 10 can be simplified to equation 14

10 below:
[14]
[ PUSCH-initial 3 yPUSCH-initial 1
_f O‘LP MS(‘ “7\3},%21) PUS(]‘JE E t 14
Qewiorowsn =| (O+P)- Comn i T 'ﬂoﬂm ... {(Equation )
t - CWHO C o CWH
YKL YK
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[0114] Determination Methods 1 to 5 for determining the amount

15 of the resource of contro!l information have been described.
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[0115] ACK/NACK and CQI receiving section 111 of base station
100 determines the amount of the resource of control information
(ACK/NACK signals or CQIls) in a reception signal using a
method similar to Determination Methods 1 to 5 used in resource
amount determining section 204. Based on the determined
amount of the resource, ACK/NACK and CQI receiving section
111 extracts an ACK/NACK or CQIl to downlink data (PDSCH
signals) sent by each terminal from a channel (for example,
PUSCH) to which uplink data signals have been assigned.
[0116] As shown above, this embodiment can prevent the
degradation in reception quality of control information even in
the case of adopting the SU-MIMO transmission method.
[0117] Embodiment 2

In Embodiment 1, the amount of the resource of control
information is determined based on the lower coding rate of the
coding rates of the two CWs (code words) or the average of the
inverses of the coding rates of the two CWs. Meanwhile, in
Embodiment 2, besides the processing in Embodiment 1. the
amount of the resource of control information is determined in
consideration of a difference in interference between layers for
data signals and for control information.
[0118] Since the basic configurations of the base station and
the terminal in accordance with Embodiment 2 are the same as
those in Embodiment 1. FIGs.4 and 5 are used to describe
Embodiment 2.
[0119] Besides the processing similar to that of Embodiment 1,

setting section 101 (FIG.4) in base station 100 in accordance with
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Embodiment 2 sets a correction factor (dgysrser (L)).

[0120] Besides the processing similar to that of Embodiment 1,
ACK/NACK and CQI receiving section 111 determines the amount
of the resource using the correction factor (derrser (L)) received
from setting section 101

[0121] Meanwhile, resource amount determining section 204 in
terminal 200 according to Embodiment 2 (FIG.5) uses a correction
factor (Oefrser (L)) notified from base station 100 to determine the
amount of the resource.

[0122] (Operations of Base Station 100 and Terminal 200)

The operations of base station 100 and terminal 200 having
the above-mentioned configurations will be described below:
[0123] <Determination Method 6>

If the number of layers or the number of ranks for control
information equals the number of layers or the number of ranks
for data signals, the same inter-layer interference occurs between
data signals and control information. For example, if spatial
multiplexing is performed with CW#0 to which control
information is allocated and which 1s assigned to layer #0 and
CW#] containing data signals assigned to layer #1, a rank-2
transmission 1is performed for data signals and for control
information, causing inter-layer interference of the same level.
(01247 Alternatively, if the number of ranks differs between
control information and data signals, different inter-layer
interference occurs between data signals and control information.

If the same control information is allocated in CW#0 and CW#I1

and transmitted in layer #0 and layer #1, that is, if a rank-I
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transmission is performed, less inter-layer interference occurs, as
compared with when different signals are allocated in CW#0 and
CW#1 and transmitted in layer #0 and layer #1.

[0125] In this respect, resource amount determining section 204
increases or decreases the amount of the resource calculated with
an above equation (for example, equation 1), depending on the
number of ranks or the number of layers for data signals and for
control information.

[0126] More specifically, resource amount determining section
204, as shown in equation 15 below, calculates the amount of the
resource Qcwso + cwgy by determining the amount of the resource
of control information in each layer based on the coding rate of
one of CWs (CW#0 or CW#1) or the coding rates of both CWs
using the above equation 1, multiplying the determined amount of
the resource by a correction factor dorrser (L) which depends on
the number of ranks or the number of layers, and then dividing the
result of multiplication by the total number of layers L.

[15]

Q ={ O+ P)x 1 X Bogser | LX g, (L)

CH A0 +CWHE r offset
CW#0

...(Eguation 15)

[0127] 1In equation 15, a.rrser (L) represents a correction factor
that depends on the number of layers or the number of ranks for
data signals and for control information.

[0128] For example, if the number of ranks or the number of
layers for data signals is larger than that of control information,
the correction factor dgrrser (L), as shown in FIG.7, implicitly

decrease as a difference in the number of ranks or the number of
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layers between data signals and control information increases.
As the difference in the number of ranks or the number of layers
between data signals and control information decreases, the
correction factor is approximated to 1.0.

[0129] Alternatively, if the number of ranks or the number of
layers for data signals 1is smaller than that for control
information, the correction factor dorrser (L), as shown in FIG.8,
implicitly increases as a difference in the number of ranks or the
number of layers between data signals and control information
increases.

[0130] The inter-layer interference 1is dependent on channel
variations (or channel matrix): thus, inter-layer interference
varies even if the number of ranks or the number of layers is
identical, which means an appropriate correction is difficult using
one set value. To cope with this problem, a plurality of
correction factors O.rrser Shared between base station 100 and
terminal 200 are provided in each layer to allow base station 100
to select one from the correction factors and notify terminal 200
via upper layers or PDCCH. Terminal 200 receives the
correction factor dorree; from base station 100 and wuses 1t to
calculate the amount of the resource, as in Determination Method
6. Base station 100 may report the amount of offset Bof‘{S@{PUSCH
for each layer (or each rank).

[0131] the amount of the resource can be set in consideration of
a difference in inter-layer interference between data signals and
control information. Thus, the degradation of reception quality

of control information can be prevented, while wasteful use of



1

[N}
o

1

0

49

resource can be reduced.

[0132] Since inter-layer interference is dependent on channel
variations (or channel matrix), upper layers cannot change
channels frequently. To cope with frequently-occurring channel
variations, the presence or absence of a correction factor may be
reported using one bit in a physical downlink control channel
(PDCCH) message having a shorter notification interval than
upper layers. The PDCCH message is conveyed in each sub-
frame, thereby facilitating flexible switching. Furthermore, use
of one bit in the PDCCH to direct switching between use or non-
use of the correction factor leads to a reduction in the amount of
signaling.

[0133] The above-mentioned correction factor has a variable set
value, depending on the control information (ACK/NACK signals
and CQls and/or the like), but a common notification (notification
using a common set value) may be used for the control
information (ACK/NACK signals and CQls and/or the like). For
example, if a set value 1 is conveyed to a terminal, the terminal
selects a correction factor for ACK/NACK signals that
corresponds to the set value 1 and a correction factor for CQls
that corresponds to the set value 1. This allows notification
using a single set value for a plurality of parts of control
information, thereby reducing the amount of signaling for
notification of a correction factor.

[0134] this embodiment, the correction factor is increased or
decreased, depending on the number of ranks or the number of

layers for data signals and for control information, but since the
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number of layers and the number of ranks are closely related with
CWs, the correction factor may be increased or decreased,
depending on the number of CWs containing data signals and
control information. Furthermore, the correction factor may be
changed, depending on whether the number of ranks, the number
of layers or the number of CWs for data signals and for control
information is equal to or exceeds 1.

[0135] (Embodiment 3)

Embodiment 1 assumes that the number of layers 1is
identical between initial transmission and retransmission. In
contrast, in Embodiment 3, the amount of the resource of control
information is determined in consideration of a difference in the
number of layers between initial transmission and retransmission
in the processing shown in Embodiment 1.

[0136] Since the basic configurations of the base station and the
terminal according to Embodiment 3 is the same as those of
Embodiment 1, FIGs.4 and 5 are used to describe Embodiment 3.
[0137] ACK/NACK and CQI receiving section 111 in base station
100 according to Embodiment 3 (FI1G.4) performs processing
similar to that of Embodiment 1 and calculates the amount of the
resource required to allocate control information based on the
number of layers on initial transmission and on retransmission.
ACK/NACK and CQI receiving section 111 in Embodiment 3
differs from that in Embodiment 1 in that the equation to
calculate the amount of the resource of control information 1s
expanded.

[0138] Meanwhile, resource amount determining section 204 1n



terminal 200 according to Embodiment 3 (FIG.5) performs
processing similar to that of Embodiment 1 and calculates the
amount of the resource required to allocate control information
based on the number of layers on initial transmission and

5 retransmission. Resource amount determining section 204 in
Embodiment 3 differs from that in Embodiment 1 in that the
equation to calculate the amount of the resource of control
information is expanded.

[0139] (Operations of Base Station 100 and Terminal 200)

10 The operations of base station 100 and terminal 200 having

the above-mentioned configurations will be described.
[0140] <Determination Method 7>

Determination Methods 1 to 6 assume that the number of
layers is identical between initial transmission and

15 retransmission. On initial transmission, the reception quality
that is equal to or greater than a certain level (required reception
quality) can be achieved for control information by setting the
amount of the resource of control information using, for example,
equation 9 (Determination Method 5).

20 [0141] Since Determination Methods 1 to 6 (for example,
equation 9) assume that the amount of the resource of control
information is identical for each layer ©between initial
transmission and retransmission, the total amount of the resource
of control information in all the layers also decreases due to a

25 reduction in the number of layers when the number of layers is
changed on retransmission (for example, decreases). This

results in the degradation of reception quality of control
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information on retransmission, as compared with that on initial
transmission (for example, see FIG.9). For example, as shown in
FI1G.9, if allocation notification information (UL grant) is used to
change the number of layers from four (on initial transmission) to
two (on retransmission), the amount of resource of data signals
decreases and thus the total amount of the resource of control
information (for example, ACK/NACK signals) also decreases in
all the layers.

[0142] resource amount determining section 204 re-sets the
amount of the resource of control information on retransmission
based on the number of layers in which each CW 1is allocated on
retransmission. More specifically, on retransmission, resource
amount determining section 204 does not use the amount of the
resource per layer which was calculated on initial transmission,
and instead, assigns the number of layers in which each CW is
allocated on retransmission (i.e., current number) in equation 9 to

re-calculate the amount of the resource per layer on

retransmission (i.e., current amount). For the information other
. . PUSCH-initial PUSCH-
than the number of layers (i.e., Mcwsosc A Mewsisce
initial PUSCH-initial : PUSCH-initial s CWEO
. Ncws#osymb ., Ncwe#isymb . LK, and

ZKrCW’“‘*), the numerical values used on 1nitial transmission that
have been set to meet a certain error rate requirement (for
example. 10%) are used. More specifically, taking
LewsotLeowsi=L into account, equation 9 on retransmission (i.e.,
currently) can be transformed into equation 16.

[16]
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[0143] Lewso ™™ ™" and Lews """ indicate the number of layers

to which CW#0 and CW#1 are assigned on retransmission (i.e.,
currently), respectively, and Lcwso ™ " and Lews; ™" indicate
the number of layers to which CW#0 and CW#I are assigned on
initial transmission, respectively. Since Determination Methods
1 to 6 assume that the number of layers is identical between
initial transmission and retransmission, the number of layers is
not considered on initial transmission and retransmission.
Hence, the number of layers used in Determination Methods 1 to 6
represents the information on initial transmission, just like the
number of bits in each CW and/or the amount of the resource in
each CW.

[0144] Equation 16 is derived by multiplying each term 1in the
denominator of equation 9 by the ratio of the number of layers on
retransmission to that on initial transmission (1.e.,
LCW#()CUHQM/LCW#oim”al, LCW#ICu”ent/LCW#‘—linitial)‘ Equation 17 is

derived from equations 16 and 11.

[17]
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10

[0145] Equation 19 indicates that if the number of layers for
transmitting data signals decreases, the amount of the resource of
control information per layer increases. This means that the
total amount of resource of layers containing control information
is almost identical (i.e., the number of layers containing control
information x the amount of the resource of control information
per layer) is aimost identical) between initial transmission and
retransmission, thereby achieving the reception quality that is
equal to or exceeds a certain level (required reception quality) for
control information even on retransmission (see FIG.10.).

[0146] This allows the amount of the resource of control
information to be set in consideration of the number of layers on
retransmission (currently) even if the number of layers
transmitting data signals differs between initial transmission and
retransmission. Thus, the degradation of reception quality of
control information can be prevented without wasteful use of
resource.

[0147] If the ratio of the number of layers on retransmission to
that on initial transmission (i.e., the number of lavers on
retransmission/the number of layers on initial transmission) 1s
1/A fold (A: integer) for both of CW#0 and CW#I1, equation 18
below may be substituted for equation 17.

[18]
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... (Equation 18)
[0148] L™ and L™ indicate the total number of layers on
initial transmission and on retransmission, respectively. Unless
the above-mentioned condition (i.e.., the number of layers on
retransmission/the number of layers on initial transmission)=1/A)
is met, the amount of the resource of control information may be
excessive or insufficient, which results in wasteful use of the
resource or low quality. If the probability of not meeting the
above condition is low, or if the system is designed so as to avoid
such occurrence, resource amount determining section 204 may
use equation 18 to calculate the amount of the resource of control
information.
[0149] The case in which the total amount of resource (for
example, the number of layers) on retransmission is reduced from
that on initial transmission has been described above. The total
amount of resource (for example, the number of layers) on
retransmission may increase from that on initial transmission. In
that case, resource amount determining section 204 may use
equation 16, 17 or 18 to prevent the assignment of an excess
amount of resource to control information.
[0150] The number of layers may be replaced with the number of
antenna ports. For example, the number of layers on 1initial
transmission in the above description (i.e., four layers in FIG.10)
is replaced with the number of antenna ports (four ports in
FIG.10), the number of layers on retransmission (currently) (two

layers in FIG.10) is replaced with the number of antenna ports on

-retransmission (currently) (two ports in FIG.10), and the total
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number of layers is replaced with the total number of antenna
ports. In other words, resource amount determining section 204
replaces the number of layers in equation 16, 17 or 18 with the
number of antenna ports to calculate the amount of the resource of
control information.

[0151] Note that if the number of layers is defined as the number
of antenna ports through which different signaling sequences are
transmitted, the number of layers is not always identical to the
number of antenna ports. For example, when a rank-1
transmission is performed through four antenna ports, the number
of layers is one since the same signaling sequence is transmitted
though the four antenna ports. In this case, if a 4-layer
transmission is performed wusing four antenna ports on initial
transmission, while a l-layer transmission (rank-1 transmission)
is performed using four antenna ports on retransmission, the
amount of the resource of control information need not be
corrected. In contrast, if a 4-layer transmission i1s performed
using four antenna ports on initial transmission, while a l-layer
transmission (using one layer) is performed using one antenna
port on retransmission, the amount of the resource of control
information needs to be corrected.

[0152] If the number of antenna ports used for retransmission
decreases, transmission power per antenna port is increased to
compensate for the decrease, thereby avoiding the correction of
the amount of the resource of control information. For example,
if the number of antenna ports is reduced from four to two, the

~

transmission power per antenna port may be increased by 3 dB
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(i.e., doubled), and if the number of antenna ports is reduced from
four to one, the transmission power per antenna port may be
increased by 6 dB (i.e., quadruplicated).

[0153] If a precoding vector (or matrix) in which the number of
antenna ports used on retransmission is identical to that on initial
transmission is used, equation 11 or 14, for example, may be
used. If a precoding vector (or matrix) in which the number of
antenna ports used on retransmission i1s different from that on
initial transmission is used, for example, the number of layers in
equation 16, 17 or 18 may be used with the number of layers
replaced with the number of antenna ports.

[0154] Equations 16 and 17 may be applicable to a case in which
one of CWs is responded with ACK and the other CW 1is responded
with NACK, resulting in a decrease in the number of CWs. More
specifically, if CW#0 is responded with ACK, while CW#I1 is
responded with NACK on initial transmission, and only CW#I1 1is
thus retransmitted, Lewso " ""'=0 is assigned in equation 16 or 17
and the amount of the resource of control information is
calculated from equation 19. Equation 19 indicates a case 1in
which only CW1 is responded with NACK, but if only CWO is
responded with NACK, the CW1 information in equation 19 may
be replaced with CWO0 information.

[19]
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[0155] If signals are transmitted in the two CWs, equation 11 or
14 may be used. If signals are retransmitted in a single CW,
equation 19 may be used as exception processing. For example,
if 4-antenna-port transmission is performed using the two CWs on
initial transmission and if 2-antenna-port transmission 1is
performed using a single CW on retransmission, equation 19 is
used on retransmission. In the fallback mode, which is used
when reception quality undergoes extreme degradation, for
example, l-antenna-port transmission may be performed using a
single CW on retransmission, in which case equation 19 may be
used as exception processing. Equation 19 may incorporate a

correction value as shown in equation 20.

[20]
. 20)
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[0156] W in equation 20 indicates a correction factor.

Correction value W may be determined based on the number of
layers (or number of antenna ports) for CWO0 or CW1 on initial
transmission and on retransmission. For example, the correction
value W in equation 20 is the ratio of number of antenna ports to

which CWO0 or CW1 is assigned on retransmission to the number
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of antenna ports to which CWO0 or CW1 is assigned on initial
transmission. The correction value W may be included in the

PUSCH

amount of offset PBorrser For example, the amount of

- PUSCH
offsetPoreset

is determined based on the number of layers (or
number of antenna ports) for CW0 or CW1 on initial transmission
and on retransmission.

T

[(0157] he case in which the calculation of the amount of
resource on retransmission using CW information used in initial
transmission has been described. A reason for calculating the
amount of the resource on retransmission using CW information
used in initial transmission is that the data signal error rate on
retransmission may not be set to a constant value such as 10%.
More specifically, on initial transmission, a base station allocates
resource to each terminal such that the data signal error rate is
10%, while on retransmission the base station 1s likely to assign a
smaller amount of resource to data signals than on initial
transmission since it is sufficient as long as an improvement in
the initial data signal error rate on retransmission is made. In
other words, in the equation calculating the amount of the
resource of control information, a reduction in the amount of the

PUSCH- retransmission.NS PUSCH-
v

resource of data signals (i.e., Msc mb

retransmissiony o retransmission results in a reduction in the amount
of the resource of control information, which leads to the
degradation of reception quality of control information. To cope
with this problem, the information on initial transmission is used

to determine the amount of resource, thereby keeping the

reception quality that is equal to or exceeds a certain level (i.e.,
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required reception quality) for control information. Note that
K, ZKrCW#O and EKrCW#I are identical between initial
transmission and retransmission.

[0158] Even if a data error rate is set to 10% (0.1) on initial
transmission, the data signal error rate may exceed 10% due to
delay on retransmission (i.e., the error rate may further increase.)
To address this problem, preferably, the correction value (K) 1s
multiplied when the amount of the resource on retransmission is
determined. For example, as shown in equation 21, the ratio of

the number of layers for each CW on initial transmission

(Lewso ™' Lews: ™% to the number of layers for each CW on

current current) may be multlplled by a

retransmission (Lcewso Lewsg

correction value specific to the term generated for each CW

(Kewso, K cwer). Alternatively, as shown in equation 22, the
ratio of the number of layers (L™ on initial transmission to

the number of layers (L°*7"°"") on retransmission may be
multiplied by the correction value (K). Correction values are not
limited to the above-mentioned examples, and one or more time
delays may be multiplied by a correction value.

[21]

1 PUSCH
Qepsascws == (O P)- Crnponl Crm 'ﬂoz“r’se,»

ACHE AW
ZA,‘ L{‘!H'I‘Pnl Zkl [(‘lU'f‘()IH

r=( Cwen - R ra( Cwl 2l
PUSCH-ininak 0y rPUSCH-ininak x initial XA(‘”’*W ! PUSCH-initiad 1y P PUSCH-inisichty X initial x [\(‘H':’:x
A/{s«. ’ A‘m‘mh ‘l‘”‘w ‘k:{s( -N svmih me

... {(Equation 21)
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I ll(,‘llf'fé’n!
_ PLUSCH .
Qerpaecwan =| (O+P)- Crpmy 1 P Ll xK

Cons =1
FCHEQ B
Sk Sk

r=( rel}
MPZV’S('I%»zmtiam} . N}"L,’S(‘H»ri:mml()) + ZM;:USC}H"'HM” . N,]’LV‘SCI# intriad1}

s¢ “Ysvmb V svmby

... (Equation 22)
[0159] Unlike Determination Methods 1 to 7, a restriction that
the same number of layers as that on initial transmission should
be always used on retransmission may be imposed. For example,
changing the number of layers for each CW on retransmission with
allocation information (UL grant) or the like may be prohibited.
ACK/NACKs may be transmitted in the same number of layers as
that on initial transmission even if the number of layers for each
CW decreases on retransmission.
[0160] The embodiments of the present invention have been
described above.
[0161] (Other Embodiments)

(1) The MIMO transmission mode in the above-mentioned
embodiments may be transmission mode 3 or 4, as set forth in
LTE, that is, a transmission mode that supports transmission of
two CWs, and the non-MIMO transmission mode may be any other
transmission mode, that is, a transmission mode in which only
single CW is transmitted. The description of the above-
mentioned embodiments has assumed the MIMO transmission mode
using a plurality of CWs and the non-MIMO transmission mode
using a single CW. More specifically, as described above, the
above description has been made on the assumption that signals

are transmitted in a plurality of lavers (or a plurality of ranks) in
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the MIMO transmission mode and that signals are transmitted in a
single layer (or single rank) in the non-MIMO transmission mode.
The transmission modes, however, should not be limited to these
examples; signals may be transmitted through a plurality of
antenna ports in the MIMO transmission mode (for example, the
SU-MIMO transmission) and signals may be transmitted through a
single antenna port in the non-MIMO transmission mode.

[0162] The code words in the above-mentioned embodiments may
be replaced with transport blocks (TB).

[0163] (2) In the above-mentioned embodiments, ACK/NACKs
and CQIs are used as examples of control information, but the
control information 1is not Ilimited to the information. Any
information (control information) that requires higher reception
quality than data signals is applicable. For example, CQIs or
ACK/NACKs may be replaced with PMIs (information concerning
pre-coding) and/or RI (i.e., information concerning ranks).

[0164] (3) The term “layer™ in the above-mentioned embodiments
refers to a virtual transmission path in the space. For example,
in the MIMO transmission, data signals generated in each CW are
transmitted in different virtual transmission paths (i.e., different
layers) in the space at the same time and at the same frequency.
The term “layer™ may be referred to as a “stream.”

[0165] (4) In the above-mentioned embodiments, a terminal that
determines the amount of resource of control information based
on a difference in coding rates between the two CWs to which
control information is allocated (or coding rate ratio) has been

described. A difference in MCS between the two CWs (or an
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MCS ratio) may be used, instead of a difference in coding rates
between the two CWs to which control information is allocated
(or coding rate ratio). Alternatively, a combination of a coding
rate and a modulation method may be used as a coding rate.

[0166] (5) The above-mentioned amount of offset may be
referred to as a correction factor, and the correction factor may

be referred to as an amount of offset. Any two or three of the

correction factors and amounts of offset (dofrser (L), BOMSHPUSCH
and 7Yorrser) used in the above-mentioned embodiments may be
combined into one correction factor or offset.

[0167] (6) In the above-mentioned embodiments, the description
has been given with antennas, but the present invention can be
applied to antenna ports as well.

[0168] The antenna port refers to a logical antenna composed of
one or more physical antennas. Thus, an antenna port does not
necessarily refer to one physical antenna, and may refer to an
antenna array composed of a plurality of antennas.

[0169] For example, in 3 GPP LTE, how many physical antennas
are included in the antenna port is not specified, but an antenna
port is specified as a minimum unit allowing the base station to
transmit a different reference signal.

[0170] In addition, the antenna port may be specified as a
minimum unit in multiplication of a weight of the precoding
vector.

[0171] The number of layers may be defined as the number of
different data signals transmitted concurrently in the space.

Furthermore, the layer may be defined as a signal transmitted
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through an antenna port associated with data signals or reference
signals (or as a communication path thereof in the space). For
example, a vector used for weight control (precoding vector) that
has been studied for uplink demodulation pilot signals in LTE-A
has one-to-one relationship with a layer.

[0172] (7) The above-mentioned embodiments have been
described by taking an example of the present invention being
implemented by hardware, but the present invention may be
implemented by software in cooperation with hardware.

[0173] Functional blocks used to describe the above-mentioned
embodiments are typically achieved by LSIs, which are integrated
circuits. The integrated «circuits may be 1implemented
individually into separate chips, or all or part of the integrated
circuit may be implemented into one chip. Although such
integrated circuits are referred to as LSIs herein, they may be
called ICs, system LSIs, super LSIs or ultra LSIs, depending on
the degree of integration.

[0174] The methods for manufacturing integrated circuits are not
limited to LSIs, and dedicated circuits or general-purpose
processors may be used to implement them. After LS|
production, field programmable gate arrays (FPGAs) or
reconfigurable processors that allow connection or setting of
circuit cells within LSIs may be used.

[0175] [f advancement in semiconductor technology or other
technology derived therefrom leads to emergence of integrated
circuit manufacturing technology that takes the place of LSI.

obviously, such technology may be used to integrate functional
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blocks. Biotechnology may also be applicable.

[0176] The entire disclosure of the specifications, drawings and
abstracts in Japanese Patent Application No 2010-140751 filed on
June 21, 2010 and Japanese Patent Application No 2010-221392
filed on September 30, 2010 are incorporated herein by reference.

A....llf,nb.'i i
Applicavllity

-

Industria
[0177] The present invention is useful in mobile communication

systems and/or the like.

Reference Signs List
[0178]
100 base station
200 terminal
101 setting section
102, 103 coding and modulating section
104, 205 transmission signal generating section
105, 206 transmitting section
106, 201 antenna
107, 202 reception section
108, 208 radio processing section
109, 203 reception processing section
110 data reception section
111 ACK/NACK and CQI receiving section
204 resource amount determining section

207 transmission processing section
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CLAIMS:

1. A terminal apparatus that transmits control information on a plurality of layers, the
apparatus comprising:

a determining section that determines an amount of resource of the control information for
each of the plurality of layers by multiplying a reciprocal of a total number of transmittable bits
per resource element for all of the plurality of layers with a number of bits of the control
information and with an offset amount; and

a transmission section that transmits the control information using the determined amount
of resource of the control information, wherein

the total number of transmittable bits is calculated by adding a multiplying result of a first
coding rate with a number of layers allocated to a first code word to a multiplying result of a
second coding rate with a number of layers allocated to a second code word, the first coding rate
being acquired by dividing a number of bits of the first code word by a first amount of resource
of data signals for transmitting the first code word, and the second coding rate being acquired by
dividing a number of bits of the second code word by a second amount of resource of data

signals for transmitting the second code word.

2. The terminal apparatus according to claim 1, wherein

a number of the plurality of layers is a sum of the number of layers allocated to the first

code word and the number of layers allocated to the second code word.

3. The terminal apparatus according to claim I, wherein
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the first amount of resource is a product of physical uplink shared channel (PUSCH)
transmission bandwidth for the first code word and a number of transmission symbols on each
layer for the first code word; and

the second amount of resource is a product of PUSCH transmission bandwidth for the
second code word and a number of transmission symbols on each layer for the second code

word.

4. The terminal apparatus according to claim 1, wherein the control information is an

acknowledgement/negative acknowledgement (ACK/NACK) signal.

5. A base station apparatus that receives control information on a plurality of layers, the
apparatus comprising:

a reception section that receives a signal including the control information; and

a control information extracting section that determines an amount of resource of the
control information for each of the plurality of layers by multiplying a reciprocal of a total
number of transmittable bits per resource element for all of the plurality of layers with a number
of bits of the control information and with an offset amount and extracts the control information
from the received signal based on the determined amount of resource of the control information,
wherein

the total number of transmittable bits is calculated by adding a multiplying result of a first
coding rate with a number of layers allocated to a first code word to a multiplying result of a
second coding rate with a number of layers allocated to a second code word, the first coding rate

being acquired by dividing a number of bits of the first code word by a first amount of resource
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of data signals for transmitting the first code word, and the second coding rate being acquired by
dividing a number of bits of the second code word by a second amount of resource of data

signals for transmitting the second code word.

6. The base station apparatus according to claim 5, wherein
a number of the plurality of layers is a sum of the number of layers allocated to the first

code word and the number of layers allocated to the second code word.

7. The base station apparatus according to claim 5, wherein

the first amount of resource is a product of physical uplink shared channel (PUSCH)
transmission bandwidth for the first code word and a number of transmission symbols on each
layer for the first code word; and

the second amount of resource 1s a product of PUSCH transmission bandwidth for the
second code word #1 and a number of transmission symbols on each layer for the second code

word.

8. The base station apparatus according to claim 5, wherein the control information is an

acknowledgement/negative acknowledgement (ACK/NACK) signal.

9. A wransmission method for transmitting control information on a plurality of layers, the
method comprising:
determining an amount of resource of the control information for each of the plurality of

layers by multiplying a reciprocal of a total number of transmittable bits per resource element for
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all of the plurality of layers with a number of bits of the control information and with an offset
amount; and

transmitting the control information based on the amount of the resource of the control
information, wherein

the total number of transmittable bits is calculated by adding a multiplying result of a first
coding rate with a number of layers allocated to a first code word to a multiplying resuli of a
second coding rate with a number of layers allocated to a second code word, the first coding rate
being acquired by dividing a number of bits of the first code word by a first amount of resource
of data signals for transmitting the first code word, and the second coding rate being acquired by
dividing a number of bits of the second code word by a second amount of resource of data

signals for transmitting the second code word.

10. A reception method for receiving control information on a plurality of layers, the method
comprising:

receiving a signal including the control information;

determining an amount of resource of the control information for each of the plurality of
layers by multiplying a reciprocal of a total number of transmittable bits per resource element for
all of the plurality of layers with a number of bits of the control information and with an offset
amount; and

extracting the control information from the received signal based on the determined
amount of resource of the control information, wherein

the total number of transmittable bits is calculated by adding a multiplying result of a first

coding rate with a number of layers allocated to a first code word to a multiplying result of a
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second coding rate with a number of layers allocated to a second code word, the first coding rate
being acquired by dividing a number of bits of the first code word by a first amount of resource
of data signals for transmitting the first code word, and the second coding rate being acquired by
dividing a number of bits of the second code word by a second amount of resource of data

signals for transmitting the second code word.

11.  An integrated circuit for controlling a process comprising:

determining an amount of resource of control information for each of a plurality of layers
by multiplying a reciprocal of a total number of transmittable bits per resource element for all of
the plurality of layers with a number of bits of the control information and with an offset amount;
and

transmitting the control information based on the amount of the resource of the control
information, wherein

the total number of transmittable bits is calculated by adding a multiplying result of a first
coding rate with a number of layers allocated to a first code word to a multiplying result of a
second coding rate with a number of layers allocated to a second code word, the first coding rate
being acquired by dividing a number of bits of the first code word by a first amount of resource
of data signals for transmitting the first code word, and the second coding rate being acquired by
dividing a number of bits of the second code word by a second amount of resource of data

signals for transmitting the second code word.

12, An integrated circuit for controlling a process comprising:

receiving a signal including control information on a plurality of layers;
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determining an amount of resource of the control information for each of the plurality of
layers by multiplying a reciprocal of a total number of transmittable bits per resource element for
all of the plurality of layers with a number of bits of the control information and with an offset
amount; and

extracting the control information from the received signal based on the determined
amount of resource of the control information, wherein

the total number of transmittable bits is calculated by adding a multiplying result of a first
coding rate with a number of layers allocated to a first code word to a multiplying result of a
second coding rate with a number of layers allocated to a second code word, the first coding rate
being acquired by dividing a number of bits of the first code word by a first amount of resource
of data signals for transmitting the first code word, and the second coding rate being acquired by
dividing a number of bits of the second code word by a second amount of resource of data

signals for transmitting the second code word.



