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system band is divided into a plurality of bands by a basic
frequency block having a predetermined bandwidth,
includes: a mapping unit configured to map control informa-
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information to subcarriers in a basic frequency block of a
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MOBILE COMMUNICATION SYSTEM,
TRANSMISSION APPARATUS, RECEIVING
APPARATUS AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority based on Japanese
patent application No. 2008-207488, filed in the JPO on Aug.
11, 2008, and the entire contents of the Japanese patent appli-
cation No. 2008-207488 is incorporated herein by reference.

TECHNICAL FIELD

The present invention generally relates to the technical
field of mobile communications. More particularly, the
present invention relates to a mobile communication system,
abase station, a transmission apparatus, areceiving apparatus
and a method employing next-generation mobile communi-
cation technologies.

BACKGROUND ART

In ITU-R (International Telecommunication Union Radio
communication sector), call for proposals of IMT-Advanced
radio interfaces has started, and standardization works have
started aiming to completing specifications in 2011.

With that, in 3GPP (3rd Generation Partnership Project),
study of LTE-Advanced is starting as an advanced system of
LTE Release 8 (to be referred to as Rel-8 LTE hereinafter).

In this kind of communication systems, one or more
resource blocks (RB) are assigned to a user apparatus both in
downlink and uplink communications. Resource blocks are
shared by multiple user apparatuses in the system. The base
station apparatus determines a user apparatus to which a
resource block is to be assigned from among a plurality of
user apparatuses every subframe that is 1 ms, for example.
The subframe may also be called a transmission time interval
(TTT). The determination of assignment of radio resources is
called scheduling. In downlink, the base station apparatus
transmits a shared channel using one or more resource blocks
to a user apparatus selected in the scheduling. This shared
channel may be called a physical downlink shared channel
(PDSCH). In uplink, a user apparatus selected in the sched-
uling transmits a shared channel to the base station apparatus
using one or more resource blocks. This shared channel may
be called a physical uplink shared channel (PUSCH).

When scheduling of radio resources is performed, it is
necessary to signal (or report) assignment information indi-
cating which user apparatus is assigned the shared channel
basically every subframe. A downlink control channel used
for this signaling is called a physical downlink control chan-
nel (PDCCH) or a downlink [.1/[.2 control channel (DL-L.1/
L2 Control Channel). The PDCCH, for example, includes the
following information (see, for example, non-patent docu-
ment 1):

Downlink scheduling information

Uplink scheduling grant

Acknowledgment information (ACK/NACK: Acknowl-

edgment/Negative- Acknowledgment information)

Transmission power control command bit

The downlink scheduling information may include infor-
mation regarding a downlink shared channel. More specifi-
cally, the downlink scheduling information may include
downlink resource block assignment information, identifica-
tion information of user apparatus (UE IDs), the number of
streams, information regarding precoding vectors, data sizes,
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2

modulation schemes, and information regarding hybrid auto-
matic repeat request (HARQ).

The uplink scheduling grant includes, for example, infor-
mation regarding an uplink shared channel. More specifi-
cally, the uplink scheduling grant may include uplink
resource assignment information, identification information
of user apparatus (UE IDs), data sizes, modulation schemes,
uplink transmission power information, and information
regarding a demodulation reference signal used in uplink
MIMO.

The acknowledgement information (ACK/NACK) indi-
cates whether retransmission is necessary for PUSCH trans-
mitted in uplink.

In uplink, the PUSCH is used to transmit user data (i.e., a
normal data signal). Also, separately from the PUSCH, a
physical uplink control channel (PUCCH) is provided to
transmit, for example, a downlink channel quality indicator
(CQI) and acknowledgement information (ACK/NACK) for
the PDSCH. The CQl is used, for example, for scheduling and
adaptive modulation and channel coding (AMC) of the physi-
cal downlink shard channel. In uplink, a random access chan-
nel (RACH) and signals indicating assignment requests for
uplink and downlink radio resources may also be transmitted
as necessary.

By the way, the acknowledgement information (ACK/
NACK) can be essentially represented only by 1 bit, but, the
acknowledgement information has the most basic function in
retransmission control, and exerts large effects on system
throughput. Therefore, it is desirable that the acknowledge-
ment information (ACK/NACK) is fed back immediately
after it occurs. In addition, as mentioned above, CQl indicates
channel state of downlink, and is basic information in sched-
uling and adaptive modulation and channel coding and the
like. Since the channel state may change every moment, it is
also desirable that CQI is frequently fed back to the base
station.

When a resource block is assigned for uplink data trans-
mission, these pieces of control information can be reported
to the base station apparatus immediately by using the
resource block. However, there is a case in which it is neces-
sary to report acknowledge information or CQI for the down-
link data channel to the base station apparatus even though
such resource block is not assigned.

Inthe system of the LTE scheme, the single-carrier scheme
(SC-FDMA scheme) is adopted in the uplink, and the system
is devised such that the acknowledgement information or CQI
can be immediately reported to the base station apparatus in
the above-mentioned case. On the other hand, from the view-
point of further improving use efficiency of radio resources
and improving data rate, the multicarrier scheme is preferable
rather than the single-carrier scheme.

RELATED ART DOCUMENT
[Non-patent document 1] 3GPP R1-070103, Downlink
L1/L.2 Control Signaling Channel Structure: Coding, Jan.
15-19, 2007
[Non-Patent document 2] 3GPP 36.211 V8.2.0
SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

An object of the present invention is to improve reception
quality of control information in the uplink.

Means for Solving the Problem

For solving the problem, the present transmission appara-
tus is a transmission apparatus for transmitting an uplink
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control signal by using a predetermined number of basic
frequency blocks, in a plurality of basic frequency blocks,
wherein a system band is divided into a plurality of bands by
a basic frequency block having a predetermined bandwidth,
including:

a mapping unit configured to map control information to
subcarriers in a basic frequency block in a given subframe;

an inverse Fourier transform unit configured to perform
inverse Fourier transform on a signal to which the control
information is mapped by the mapping unit; and

aradio transmission unit configured to transmit a transmis-
sion signal, to a receiving apparatus by radio, including a
signal on which inverse Fourier transform has been per-
formed by the inverse Fourier transform unit,

wherein, in a subframe subsequent to the given subframe,
the mapping unit maps the control information to subcarriers
in a basic frequency block of a band different from a band of
the basic frequency block in the given subframe.

Another transmission apparatus is a transmission appara-
tus for transmitting an uplink control signal by using a pre-
determined number of basic frequency blocks in a plurality of
basic frequency blocks, wherein a system band is divided into
a plurality of bands by a basic frequency block having a
predetermined bandwidth, including:

a mapping unit configured to map control information to
subcarriers in a predetermined number of different basic fre-
quency blocks in a given subframe;

an inverse Fourier transform unit configured to perform
inverse Fourier transform on a signal to which the control
information is mapped by the mapping unit; and

aradio transmission unit configured to transmit a transmis-
sion signal, to a receiving apparatus by radio, including a
signal on which inverse Fourier transform has been per-
formed by the inverse Fourier transform unit,

wherein, in a predetermined number of different basic fre-
quency blocks, the mapping unit maps the control informa-
tion to a plurality of bands that are prepared discontinuously
in the frequency domain over a period of a subframe and that
are prepared separately from a band for a shared data channel.

The present method is a method in a transmission appara-
tus for transmitting an uplink control signal by using a pre-
determined number of basic frequency blocks in a plurality of
basic frequency blocks, wherein a system band is divided into
a plurality of bands by a basic frequency block having a
predetermined bandwidth, including:

a mapping step of mapping control information to subcar-
riers in a basic frequency block in a given subframe;

an inverse Fourier transform step of performing inverse
Fourier transform on a signal to which the control information
is mapped by the mapping step; and

a radio transmission step of transmitting a transmission
signal, to a receiving apparatus by radio, including a signal on
which inverse Fourier transform has been performed by the
inverse Fourier transform step,

wherein, in the mapping step, in a subframe subsequent to
the given subframe, the transmission apparatus maps the con-
trol information to subcarriers in a basic frequency block of a
band different from a band of the basic frequency block in the
given subframe.

Another method is a method in a transmission apparatus
for transmitting an uplink control signal by using a predeter-
mined number of basic frequency blocks in a plurality of
basic frequency blocks, wherein a system band is divided into
a plurality of bands by a basic frequency block having a
predetermined bandwidth, including:
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4

a mapping step of mapping control information to subcar-
riers in a predetermined number of different basic frequency
blocks in a given subframe;

an inverse Fourier transform step of performing inverse
Fourier transform on a signal to which the control information
is mapped by the mapping step; and

a radio transmission step of transmitting a transmission
signal, to areceiving apparatus by radio, including a signal on
which inverse Fourier transform has been performed by the
inverse Fourier transform step,

wherein, in the mapping step, in a predetermined number
of different basic frequency blocks, the transmission appara-
tus maps the control information to a plurality of bands that
are prepared discontinuously in the frequency domain over a
period of a subframe and that are prepared separately from a
band for a shared data channel.

The present receiving apparatus is a receiving apparatus for
receiving an uplink control signal transmitted by using a
predetermined number of basic frequency blocks in a plural-
ity of basic frequency blocks, wherein a system band is
divided into a plurality of bands by a basic frequency block
having a predetermined bandwidth, including:

a Fourier transform unit configured to perform Fourier
transform on a received signal;

a demapping unit configured to extract a signal mapped to
each subcarrier based on the signal on which Fourier trans-
form has been performed by the Fourier transform unit; and

a restoring unit configured to restore control information
extracted by the demapping unit,

wherein, the demapping unit extracts control information
mapped to subcarriers in a basic frequency block in a sub-
frame, and

in a subframe subsequent to a given subframe, the demap-
ping unit extracts control information mapped to subcarriers
in a basic frequency block of a band different from a band of
the basic frequency block in the given subframe.

Another receiving apparatus is a receiving apparatus for
receiving an uplink control signal transmitted by using a
predetermined number of basic frequency blocks in a plural-
ity of basic frequency blocks, wherein a system band is
divided into a plurality of bands by a basic frequency block
having a predetermined bandwidth, including:

a Fourier transform unit configured to perform Fourier
transform on a received signal;

a demapping unit configured to extract a signal mapped to
each subcarrier based on the signal on which Fourier trans-
form has been performed by the Fourier transform unit; and

a restoring unit configured to restore control information
extracted by the demapping unit,

wherein, in subcarriers in a predetermined number of dif-
ferent basic frequency blocks in a subframe, the demapping
unit extracts control information mapped to a plurality of
bands that are prepared discontinuously in the frequency
domain over a period of a subframe and that are prepared
separately from a band for a shared data channel.

The present method is a method in a receiving apparatus for
receiving an uplink control signal transmitted by using a
predetermined number of basic frequency blocks in a plural-
ity of basic frequency blocks, wherein a system band is
divided into a plurality of bands by a basic frequency block
having a predetermined bandwidth, including:

a Fourier transform step of performing Fourier transform
on a received signal;

a demapping step of extracting a signal mapped to each
subcarrier based on the signal on which Fourier transform has
been performed by the Fourier transform step; and



US 8,615,046 B2

5

a restoring step of restoring control information extracted
by the demapping step,

wherein, in the demapping step, the receiving apparatus
extracts control information mapped to subcarriers in a basic
frequency block in a subframe, and

in a subframe subsequent to a given subframe, the receiv-
ing apparatus extracts control information mapped to subcar-
riers in a basic frequency block of a band different from a
band of the basic frequency block in the given subframe.

Another method is a method in a receiving apparatus for
receiving an uplink control signal transmitted by using a
predetermined number of basic frequency blocks in a plural-
ity of basic frequency blocks, wherein a system band is
divided into a plurality of bands by a basic frequency block
having a predetermined bandwidth, including:

a Fourier transform step of performing Fourier transform
on a received signal;

a demapping step of extracting a signal mapped to each
subcarrier based on the signal on which Fourier transform has
been performed by the Fourier transform step; and

a restoring step of restoring control information extracted
by the demapping step,

wherein, in the demapping step, in subcarriers in a prede-
termined number of different basic frequency blocks in a
subframe, the receiving apparatus extracts control informa-
tion mapped to a plurality of bands that are prepared discon-
tinuously in the frequency domain over a period of a subframe
and that are prepared separately from a band for a shared data
channel.

The present mobile communication system is a mobile
communication system including: a transmission apparatus
for transmitting an uplink control signal by using a predeter-
mined number of basic frequency blocks in a plurality of
basic frequency blocks, wherein a system band is divided into
a plurality of bands by a basic frequency block having a
predetermined bandwidth; and a receiving apparatus for
receiving the uplink signal,

the transmission apparatus including:

a mapping unit configured, when mapping control infor-
mation to subcarriers in a basic frequency block in a given
subframe, to map, in a subframe subsequent to the given
subframe, the control information to subcarriers in a basic
frequency block of a band different from a band of the basic
frequency block in the given subframe;

an inverse Fourier transform unit configured to perform
inverse Fourier transform on a signal to which the control
information is mapped by the mapping unit; and

aradio transmission unit configured to transmit a transmis-
sion signal, to the receiving apparatus by radio, including a
signal on which inverse Fourier transform has been per-
formed by the inverse Fourier transform unit,

the receiving apparatus including:

a Fourier transform unit configured to perform Fourier
transform on a received signal;

a demapping unit configured, when extracting a signal
mapped to each subcarrier based on the signal on which
Fourier transform has been performed by the Fourier trans-
form unit, to extract, in subcarriers in a basic frequency block
in a given subframe, control information mapped to subcar-
riers in a basic frequency block of a band different from a
band of the basic frequency block in the given subframe; and

a restoring unit configured to restore control information
extracted by the demapping unit.

Another mobile communication system is a mobile com-
munication system including: a transmission apparatus for
transmitting an uplink control signal by using a predeter-
mined number of basic frequency blocks in a plurality of
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basic frequency blocks, wherein a system band is divided into
a plurality of bands by a basic frequency block having a
predetermined bandwidth; and a receiving apparatus for
receiving the uplink signal,

the transmission apparatus including:

a mapping unit configured, when mapping control infor-
mation to subcarriers in a predetermined number of different
basic frequency blocks in a given subframe, to map, in a
predetermined number of different basic frequency blocks,
the control information to a plurality of bands that are pre-
pared discontinuously in the frequency domain over a period
of'a subframe and that are prepared separately from a band for
a shared data channel,

an inverse Fourier transform unit configured to perform
inverse Fourier transform on a signal to which the control
information is mapped by the mapping unit; and

a radio transmission unit configured to transmit a transmis-
sion signal, to the receiving apparatus by radio, including a
signal on which inverse Fourier transform has been per-
formed by the inverse Fourier transform unit,

the receiving apparatus including:

a Fourier transform unit configured to perform Fourier
transform on a received signal;

a demapping unit configured, when extracting a signal
mapped to each subcarrier based on the signal on which
Fourier transform has been performed by the Fourier trans-
form unit, to extract, in subcarriers in a predetermined num-
ber of different basic frequency blocks in a subframe, control
information mapped to a plurality of bands that are prepared
discontinuously in the frequency domain over a period of a
subframe and that are prepared separately from a band for a
shared data channel; and

a restoring unit configured to restore control information
extracted by the demapping unit.

Effect of the Present Invention

According to an embodiment of the present invention,
reception quality of control information in the uplink can be
improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an explanatory diagram showing bands assigned
to each user apparatus;

FIG. 2 is an explanatory diagram showing an example of a
transmission method of a downlink control channel;

FIG. 3 is an explanatory diagram showing an example of a
transmission method of an uplink control channel;

FIG. 4 is an explanatory diagram showing an example of a
transmission method of an uplink control channel;

FIG. 5 is an explanatory diagram showing a mobile com-
munication system according to an embodiment;

FIG. 6 is a partial block diagram showing a user apparatus
according to an embodiment;

FIG. 7 is a partial block diagram showing a base station
according to an embodiment;

FIG. 8 is an explanatory diagram showing an example of a
transmission method of an uplink control channel according
to an embodiment;

FIG. 9 is an explanatory diagram showing an example of a
transmission method of an uplink control channel according
to an embodiment;

FIG. 10 is an explanatory diagram showing an example of
atransmission method of'an uplink control channel according
to an embodiment;
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FIG. 11 is an explanatory diagram showing an example of
atransmission method of'an uplink control channel according
to an embodiment;

FIG. 12 is an explanatory diagram showing an example of
atransmission method of'an uplink control channel according
to an embodiment;

FIG. 13 is a flow diagram showing operation of a mobile
communication system according to an embodiment.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

In the following, embodiments of the present invention are
descried with reference to attached figures. While specific
numerical value examples are used to facilitate understanding
of the present invention, such numerical values are merely
examples, so that any appropriate value may be used unless
specified otherwise.

In the LTE-Advanced, it is the minimum requirements to
satisfy requirements defined in IMT-Advanced, and the
multi-access scheme needs to be studied by considering the
following items mainly.

(1) Support of transmit and receive of wide-band signal
transmission

(2) Backward compatibility with Rel-8 LTE

(3) Optimization of trade-off between improvement of
characteristics and overhead of control signal

(4) Support of various cell environments

As to (1), in order to satisfy the requirement of peak data
rate of equal to or more than 1 Gbps in the downlink espe-
cially, it is necessary to extend 20 MHz that is the maximum
system bandwidth of the Rel-8 LTE specification to support
about 100 MHz of frequency bandwidth in transmit and
receive function. In addition, it is necessary to support scal-
able multi-bandwidths having high flexibility for frequency
spectrum assignment.

Asto (2), inthe LTE-Advanced, it is minimum requirement
to satisfy the requirements of IMT-Advanced. In addition,
backward compatibility with Rel-8 LTE is essential in order
to be able to introduce the system smoothly. That is, it is
essential to provide a radio interface that can support connec-
tion of a user terminal (UE: User Equipment) of Rel-8 LTE
within the frequency spectrum of LTE-Advanced.

As to (3), improvement factor of frequency diversity gain
and frequency scheduling gain reduces (becomes saturated)
as the frequency band becomes wider. On the other hand,
overhead of a control signal necessary for feedback of chan-
nel quality information (CQI: Channel Quality Indicator)
increases as the bandwidth increases. Therefore, it is neces-
sary to set optimal transmit and receive bandwidth in consid-
eration of trade-off relationship between improvement of
characteristics and overhead of control signal.

As to (4), considering complementary introduction with
the Rel-8 LTE, the LTE-Advanced emphasizes application to
local area environments such as micro-cell, indoor/hot spot
environment and the like. But, it is also necessary to realize
support of outdoor macro-cell environment like Rel-8 LTE.

In order to satisfy the above-mentioned requirements, the
layered channel bandwidth configuration is proposed as
shown in FIG. 1. In FIG. 1, the lateral axis indicates fre-
quency. In the layered channel bandwidth configuration, the
system band is divided in units of basic frequency blocks.
Then, the whole transmission band of the base station
includes a plurality of basic frequency blocks. It is preferable
that the bandwidth of the basic frequency block is about 15-20
MHz for supporting UE of Rel-8 LTE.
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For a user apparatus (UE) of LTE-Advanced having capa-
bility of transmit and receive bandwidth wider than 20 MHz,
a plurality of basic frequency blocks are flexibly assigned
based on frequency diversity gain and the overhead of the
control signal. More specifically, for a user apparatus (UE) of
Rel-8 LTE having capability of transmit and receive band-
width of 20 MHz, one basic frequency block is assigned. For
auser apparatus (UE) of LTE-Advanced having capability of
transmit and receive bandwidth of 40 MHz, two basic fre-
quency blocks are assigned. For a user apparatus (UE) of
LTE-Advanced having capability of transmit and receive
bandwidth of 100 MHz, five basic frequency blocks are
assigned. For a user apparatus (UE) of LTE-Advanced having
capability of transmit and receive bandwidth greater than 20
MHz, basic frequency block(s) less than the capability of
transmit and receive bandwidth may be assigned, for
example, one base frequency block may be assigned.

Therefore, it is necessary to transmit and receive layer 1
(L1)1ayer 2 (L2) control channels in units of basic frequency
blocks such that the terminal of Rel-8 LTE can be connected.

In addition, in order to realize high peak throughput, it is
essential that the terminal of LTE-Advanced transmits and
receives signals over a plurality of basic frequency blocks in
the same TTI (Transmission Time Interval) at the same time.
Therefore, it is necessary to transmit [.1/.2 control informa-
tion corresponding to a shared data channel of a plurality of
basic frequency blocks with high efficiency.

In the layered channel bandwidth configuration shown in
FIG. 1, ifa control channel is simply repeated in units of basic
frequency blocks, overhead of the control signal increases.
Thus, layered control channel configurations shown in FIGS.
2 and 3 are proposed as L.1/1.2 control channel configurations
for realizing highly efficient transmission for LTE-Advanced
having UE Capability of wider band while supporting control
signal configuration of the terminal of Rel-8 LTE.

FIG. 2 shows the layered control channel configuration in
the downlink. In FIG. 2, control channels of user apparatuses
are shown by using corresponding hatching respectively. As
shown in FIG. 2, for UE of LTE-Advanced having capability
of transmit and receive bandwidth wider than 20 MHz, plu-
rality of basic frequency blocks are flexibly assigned in con-
sideration of frequency diversity gain and overhead of control
signal. In each basic frequency block, several symbols from
the head are assigned to the control channel. The several
symbols may be 2-3 symbols for example. In addition, for UE
of LTE-Advanced having capability of transmit and receive
bandwidth wider than 20 MHz, one basic frequency block
may be assigned. FIG. 2 shows a user apparatus UE(1) of
LTE-Advanced to which three basic frequency blocks are
assigned, a user apparatus UE(2) of LTE-Advanced to which
two basic frequency blocks are assigned, and a user apparatus
UE(3) of Rel-8 LTE to which one basic frequency blocks is
assigned.

FIG. 3 shows the layered control channel configuration in
the uplink. In FIG. 3, control channels of user apparatuses are
shown by using corresponding hatching respectively. For
example, a basic frequency block includes a plurality of
resource blocks. Narrow bands are prepared in both ends of a
band including one or more basic frequencies. These left and
right two bands are reserved for transmission of control infor-
mation. For the sake of convenience, these two bands are
referred to as a first control band and a second control band
respectively in order from the low frequency side. One
resource block is about 180kHz, for example. Also, one of the
bands of the both ends is about 180 KHz similar to that for
data transmission, for example. For example, a several num-
ber (10, for example) of subframes of 1 ms form one radio
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frame. Each subframe includes two slots. Numerical values
such as frequency, period and the number are merely
examples, and any appropriate numerical values may be used.

In the example shown in the figure, the user apparatus
UE() of LTE-Advanced transmits the [.1/[.2 control channel
to the base station apparatus continuously in two slots, in
which the transmission is performed using the second control
band in the first slot, and using the first control band in the
next slot. Two basic frequency blocks are assigned to the user
apparatus UE(1). By transmitting control information while
performing large frequency hopping over the system band-
width, large frequency diversity effect can be obtained, which
is preferable from the viewpoint of enhancing reception qual-
ity of control information. The frequency hopping may be
performed not only in units of slots but also in units of larger
one (subframe, for example) or smaller one (symbol which
forms the slot, for example). Also, since the first and the
second bands are not used simultaneously, the present method
can be also used in a system of a single-carrier scheme.

In addition, in the example shown in the figure, the L.1/1.2
control channel that is transmitted to the base station appara-
tus by the user apparatus UE(2) of LTE-Advanced and by the
user apparatus UE(3) of Rel-8 LTE is transmitted using the
second control band in the first slot, and is transmitted using
the first control band in the next slot. The user apparatuses
UE(2) and (3) are assigned one basic frequency block. The
user apparatuses UE(2) and (3) transmit control information
while performing frequency hopping over one basic fre-
quency block.

The [L1/1.2 control channel may be transmitted by the first
and the second control bands. However, in this method, both
of the first and the second bands are used at the same time in
the first slot. This transmission method becomes available
when a multicarrier scheme is applied. In this case, the first
slot may be used, and the subsequent slot may be used. But, it
is preferable to use the first slot from the viewpoint that the
transmission of the control channel can be completed early.

Also, the transmission method of the control information
may be changed depending on whether a resource block is
assigned for transmission of a data channel or not. When the
resource block is not assigned for transmitting a data channel,
the L1/1.2 control channel to be transmitted by the user appa-
ratus to the base station apparatus is transmitted while per-
forming frequency hopping between the first and the second
control bands. However, when the resource block is assigned
for the transmission of the data channel, the control informa-
tion is transmitted using the resource block. In this case, the
control information and the data channel are multiplexed
using the time division multiplexing scheme.

Also, the L1/L2 control channel to be transmitted to the
base station apparatus by the user apparatus may be transmit-
ted using both of the first and the second bands at the same
time. In this case, the transmission may be performed using
the whole subframe instead of using one slot (such that two
slots are used). This method is advantageous when the num-
ber of bits of control information per one user is large and
when radio propagation status is bad, and the like. The reason
that the method is advantageous when the radio propagation
state is bad is that, for keeping required quality for informa-
tion of the number of bits, the data size can be small if the
channel state is good, but a large data size is required if the
channel state is bad.

In addition, when the same user can use the first control
band and the second control band in a subframe, the channel
quality information (CQI) may be transmuted in one control
band, and acknowledgement information (ACK/NACK) may
be transmitted in another control band, in the first slot. In the
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subsequent slot, CQI may be transmitted by the other control
band and ACK/NACK may be transmitted in the control band.
Since ACK/NACK and CQI are transmitted separately, it is
not necessary to prepare a transmission format for multiplex-
ing and transmitting them, which is preferable from the view-
point of improving detection accuracy of ACK/NACK, reduc-
ing load for blind detection, and the like, for example. Also,
acknowledgement information (ACK/NACK) may be trans-
mitted using the first and the second control bands at the same
time in the first slot. Then, channel quality information (CQI)
may be transmitted using the first and the second control
bands at the same time in the subsequent slot. The transmis-
sion order of ACK/NACK and CQI may be reversed. Also in
this method, it becomes unnecessary to prepare the transmis-
sion format for multiplexing and transmitting ACK/NACK
and CQI.

In the present embodiment, frequency hopping is applied
to the L.1/1.2 control channel in the uplink of LTE-Advanced.

In the uplink of Rel-8 LTE, a SC-FDMA (Single-Carrier
Frequency Division Multiple Access) scheme that can keep
peak-to-average power ratio (PAPR) low and that is advanta-
geous for increasing coverage is adopted. In addition, a con-
figuration shown in FIG. 4 is adopted for the physical uplink
control channel for transmitting CQI and ACK/NACK infor-
mation. In FIG. 4, control information for user apparatuses
are shown by corresponding different hatching respectively.

More specifically, in order to realize low PAPR and low
overhead, single-carrier transmission of narrow bandwidth
(180 kHz) is used. In addition, for realizing frequency diver-
sity effect, frequency hopping is performed by using bands of
both ends of the transmission spectrum between two slots in
1 msec subframe (TTI). The frequency hopping may be called
intra-TTT hopping. Further, PUCCHs from a plurality of UEs
may be multiplexed by CDMA in the same radio resource.

In the uplink of LTE-Advanced, it is necessary to transmit
control information of a plurality of basic frequency blocks.
In addition, considering application of MIMO multiplexing
transmission (Single User-MIMO) for further increasing
peak data rate, it is effective, especially for local area envi-
ronment, to apply OFDM (Orthogonal Frequency Division
Multiplexing) having high affinity with the highly accurate
signal separation technology such as maximum likelihood
detection (MLD). In this point, LTE-Advanced is different
from Rel-8 LTE in which increase of coverage due to decrease
of PAPR is emphasized.

Therefore, as the uplink radio access scheme of the LTE-
Advanced, it is considered to apply OFDM, Clustered DFT-
Spread OFDM in which Localized transmission is performed
by dividing a block to a plurality of blocks after DFT in order
to provide flexibility of assignment in single-carrier transmis-
sion, and multicarrier transmission such as Multicarrier DFT-
Spread OFDM using a plurality of DFTs.

Thus, the present embodiment describes: (1) a frequency
hopping method when transmitting control information of a
plurality of basic frequency blocks; and (2) a transmission
method for a transmission method of control information
considering application of multicarrier transmission in addi-
tion to single-carrier transmission. In the present embodi-
ment, as an example, an uplink [L1/L.2 control channel of
LTE-Advanced is described.

In the following, the mobile communication system
including the user apparatus and the base station apparatus of
the present embodiment is described with reference to FIG. 5.

The radio communication system 1000 is a system includ-
ing, for example, Evolved UTRA and UTRAN (also called
Long Term Evolution or Super 3G). The radio communica-
tion system may be also called as IMT-Advanced or 4G.
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The radio communication system 1000 includes a base
station apparatus (eNB: eNode B) 200 and user apparatuses
(UE: User Equipment) 100 (100,, 100,, 1005, . . ., 100,;
where n is an integer greater than 0) that communicates with
the base station apparatus 200. The names of eNB and UE
may be changed according to discussions for the communi-
cation schemes of the next-generation mobile communica-
tion systems. In such a case, these may be called as the
changed names. The base station apparatus 200 is connected
to anupper station 300, and the upper station 300 is connected
to acore network 400. For example, the upper station 300 may
include an access gateway apparatus 300, a radio network
controller (RNC), a mobility management entity (MME) and
the like. Also, the upper station may be changed as necessary
according to discussions of the communication schemes of
the next generation mobile communication system. In such a
case, the base station apparatus 200 is connected to the upper
station.

Since each user apparatus 100 (100,, 100,, 100, ... 100,)
has the same configuration, function and state, the user appa-
ratus 100, is used in the descriptions below unless otherwise
mentioned.

The radio communication system 1000, in Evolved UTRA,
for example, employs orthogonal frequency division multiple
access (OFDMA) in the downlink, and employs single-car-
rier frequency division multiple access (SC-FDMA) in the
uplink. As mentioned above, OFDMA is a multicarrier com-
munication scheme in which a frequency band is divided into
narrow frequency bands (subcarriers) and data is mapped to
each subcarrier for performing communication. SC-FDMA is
a single-carrier transmission scheme in which a frequency
band is divided for each user apparatus, and a plurality of user
apparatuses use frequency bands different with each other in
order to reduce interference between the user apparatuses. By
configuring the system as mentioned above, the present
mobile communication system can realize full-support of
E-UTRA. In addition, in the uplink, the multicarrier scheme
may beused. More specifically, when the multicarrier scheme
is applied in the uplink and the downlink, an Orthogonal
Frequency Division Multiplexing (OFDM) scheme may be
used.

In the following, communication channels used in Evolved
UTRA and UTRAN are described. These communication
channels may be applied to the mobile communication sys-
tem of the present embodiment.

For downlink, a physical downlink shared channel (PD-
SCH) shared by the user apparatuses 100, and a physical
downlink control channel (PDCCH) are used. The physical
downlink control channel is also called as a downlink L1/1.2
control channel. User data, that is, a normal data signal is
transmitted by the physical downlink shared channel.

For uplink, a physical uplink shared channel (PUSCH)
shared by the user apparatuses 100, and a physical uplink
control channel (PUCCH) are used. User data, that is, a nor-
mal data signal is transmitted by the physical uplink shared
channel. Also, the physical uplink control channel is used to
transmit downlink quality information (channel quality indi-
cator: CQI) used for scheduling and adaptive modulation and
coding (AMC) of the physical downlink shared channel and
to transmit acknowledgement information for the physical
downlink shared channel. The acknowledgement information
is represented by any one of Acknowledgement (ACK) indi-
cating that a transmission signal is properly received and
Negative Acknowledgement (NACK) indicating that the sig-
nal is not properly received.

The physical uplink control channel may also be used to
transmit, in addition to the CQI and the acknowledgement
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information, a scheduling request for requesting assignment
of resources of an uplink shared channel and a release request
used in persistent scheduling. Here, assignment of resources
of'an uplink shared channel indicates a process where the base
station apparatus 200 reports to the user apparatus 100,, by
using the physical downlink control channel in a given sub-
frame that the user apparatus is allowed to communicate
using the uplink shared channel in a subsequent subframe.

For the sake of explanation, a case is described where the
user apparatus 100, transmits control information to the base
station apparatus. The control information includes uplink
L1/L.2 control information, acknowledgement information
(ACK/NACK) for a data channel transmitted in the downlink
and/or channel quality information (CQI) indicating channel
state of the downlink. But, any information may be included
in the control information to be transmitted.

The user apparatus 100,, of the present embodiment is
described with reference to FIG. 6.

The user apparatus 100, of the present embodiment
includes a transmission apparatus. The transmission appara-
tus includes an OFDM signal demodulation unit 102, a CQI
estimation unit 104, a downlink control signal decoding unit
106, an ACK/NACK determination unit 108, an L1/L.2 con-
trol signal process block 110, a channel coding unit 112, a
data modulation unit 114, a subcarrier mapping unit 116, an
inverse fast Fourier transform unit (IFFT) 118, a guard inter-
val adding unit (CP) 120, a a pilot signal process block 122, a
pilot sequence generation unit 124, a subcarrier mapping unit
126, an inverse fast Fourier transform unit (IFFT) 128, a
guard interval adding unit 130, and a multiplexing unit 132.

The OFDM signal demodulation unit 102 demodulates a
received signal modulated by the OFDM scheme to extract a
baseband signal. For example, the OFDM signal demodula-
tion unit 102 performs, on the received signal, processing
such as removal of guard interval, Fourier transform, subcar-
rier demapping and data demodulation so as to prepare a
downlink pilot channel, a downlink control channel (and/or
broadcast channel) and a downlink data channel and the like.

The CQI estimation unit 104 derives channel quality infor-
mation (CQI) indicating a channel state of the downlink based
onreception quality of the downlink pilot channel. The recep-
tion quality of the downlink pilot channel may be represented
by any proper amount such as received power, SIR(Signal-
to-Interference power Ratio), SINR (Signal-to-Interference
plus Noise power Ratio) and Eb/N,, (signal power to noise
power density ratio per 1 bit information). The CQI can be
derived by properly quantizing the reception quality that is
classified to multiple levels. For example, the reception qual-
ity may be represented by 32 bits, and CQI may be repre-
sented by 5 bits. The pilot channel is a signal including a
pattern known to the transmission side and the receiving side,
and the pilot channel may be referred to as a reference signal,
a training signal and the like.

The downlink control signal decoding unit 106 decodes a
downlink control channel to extract a downlink control sig-
nal. The downlink control channel may be a downlink 1.1/1.2
control channel or may be a broadcast channel (BCH). In the
present embodiment, especially, the downlink control signal
may include a code sequence number of a pilot channel to be
used for communication, and scheduling information (re-
source block number, transmission format, user identification
information etc.) for downlink and/or uplink.

The ACK/NACK determination unit 108 determines
whether the downlink data channel is properly received by
performing error detection, for example. The error detection
may be performed by the cyclic redundancy check (CRC)
method, for example.
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The L1/1.2 control signal process block 110 prepares a
L1/L.2 control channel transmitted by the uplink.

The channel coding unit 112 performs channel-coding on
control information transmitted in the uplink using a prede-
termined coding rate. The control information includes con-
trol information such as the L.1/L.2 control channel, for
example. In the present embodiment, the control information
includes at least one of acknowledgement information (ACK/
NACK) for the downlink data channel and CQI indicating
downlink channel state.

The data modulation unit 114 performs data modulation on
the control information using a phase-shift keying scheme
(such as BPSK, QPSK, 8PSK) or a quadrature amplitude
modulation (QAM) scheme.

The subcarrier mapping unit 116 maps control information
to subcarriers. The subcarriers are limited to subcarriers
within a band that can be used by the user apparatus in the
system band. More specifically, the control information may
be mapped to the first and the second control bands shown in
FIGS. 3 and 4, or may be mapped to a resource block the same
as that of the uplink data channel. Details of mapping are
described later.

The inverse fast Fourier transform unit (IFFT) 118 per-
forms inverse fast Fourier transform on a signal including the
control information mapped to each subcarrier so as to con-
vert the signal in the frequency domain to a signal in the time
domain.

The guard interval adding unit (CP) 120 adds a guard
interval to a signal after IFFT. The guard interval may be
prepared by the Cyclic Prefix (CP) scheme, for example.

The pilot signal process block 122 prepares a pilot channel
to be transmitted in the uplink.

The pilot sequence generation unit 124 generates a code
sequence indicating a pilot channel based on a code sequence
number of the pilot channel used for communication. The
code sequence may be any proper code sequence suitable for
the pilot channel. As an example, the pilot channel may be a
CAZAC code sequence.

The subcarrier mapping unit 126 maps the pilot channel to
proper subcarriers.

The inverse fast Fourier transform unit (IFFT) 128 per-
forms inverse fast Fourier transform on a signal including the
pilot channel mapped to each subcarrier so as to convert the
signal in the frequency domain to a signal in the time domain.

The guard interval adding unit (CP) 130 adds a guard
interval to a signal after IFFT.

The multiplexing unit 132 multiplexes the 1.1/1.2 control
channel and the pilot channel. The multiplexing may be real-
ized by simply adding the channels. Also, a multiplexing
method such as time division multiplexing may be used. The
transmission signal including the multiplexed signal is sup-
plied to a radio transmission unit (not shown in the figure),
and transmitted by radio in the uplink finally.

<Base Station Apparatus>

The base station apparatus 200 of the present embodiment
is described with reference to FIG. 7.

The base station apparatus 200 of the present embodiment
includes a receiving apparatus. The receiving apparatus
includes a synchronization detection and channel estimation
unit 202, a guard interval removing unit 204, a fast Fourier
transform unit (FFT) 206, a subcarrier demapping unit 208, a
data demodulation unit 210, a data decoding unit 212, an
ACK/NACK determination unit 214, a scheduler 216, an
uplink scheduling grant signal generation unit 218, an other
downlink channel generation unit 220, and an OFDM signal
generation unit 222.
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The synchronization detection and channel estimation unit
202 performs synchronization establishment and channel
estimation based on the pilot channel received in the uplink.

The guard interval removing unit 204 removes the guard
interval from the received signal according to synchroniza-
tion timing of the received signal.

The fast Fourier transform unit (FFT) 206 performs fast
Fourier transform on the received signal so as to convert the
signal in the time domain to a signal in the frequency domain.

The subcarrier demapping unit 208 extracts a signal
mapped to each subcarrier. The signal may include only a
control channel, or may include both of the control channel
and the data channel.

The data demodulation unit 210 demodulates the received
signal.

The data decoding unit 212 decodes the data-demodulated
signal.

Although the data demodulation and the data decoding are
performed for the control channel and the data channel sepa-
rately, they are shown collectively for the sake of simplicity
for drawing.

The ACK/NACK determination unit 214 determines
whether the received uplink data channel is properly received
by performing error detection, for example. The error detec-
tion may be performed by the cyclic redundancy check (CRC)
method, for example.

The scheduler 216 plans assignment of radio resources
(performs scheduling). The scheduling may be performed
based on radio propagation status, required quality (QoS),
necessity of retransmission, and the like. The scheduling may
be performed by any proper algorithm such as MAX-C/I
method and proportional fairness method. The radio propa-
gation status may be estimated by using CQI reported from
the user apparatus for the downlink, and may be estimated by
using receive SINR and the like for the uplink. The required
QoS may be determined in terms of data rate, error rate,
permissible delay time and the like. Necessity of retransmis-
sion may be determined based on acknowledgement informa-
tion (ACK/NACK).

The uplink scheduling grant signal generation unit 218
prepares control information representing scheduling infor-
mation (uplink grant) permitting transmission of a data chan-
nel in the uplink. The scheduling information includes a
resource block permitted to use, transmission format and the
like.

The other downlink channel generation unit 220 prepares a
downlink signal other than the scheduling information (data
channel, broadcast channel, synchronization channel, pilot
channel and other control channel and the like).

The OFDM signal generation unit 222 modulates the sig-
nal including various downlink information using the OFDM
scheme to prepare a downlink transmission signal. For
example, the OFDM signal generation unit 222 performs
processing such as channel coding, data modulation, subcar-
rier mapping, IFFT and adding of the guard interval. The
downlink transmission signal is transmitted to a radio trans-
mitter (not shown in the figure), and is transmitted by radio in
the downlink finally.

In the following, transmission methods of control informa-
tion according to an embodiment are described. Although
several transmission methods are descried, these are merely
examples, and the examples do not cover everything. As
mentioned above, in the communication system of the present
embodiment, the uplink control channel is transmitted and
received in units of the basic frequency blocks.

In the following, as an example, a case is shown in which
two basic frequency blocks are used by one user apparatus.
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Also, equal to or more than three basic frequency blocks may
be used by one user apparatus. The user apparatus 100, per-
forms transmission of control information of a plurality of
basic frequency blocks.

(Method 1) Intra-TTI hopping is applied within a basic
frequency block and inter-TTI hopping is applied between
basic frequency blocks by using single-carrier transmission.

In this method, as shown in FIG. 8, in transmission of the
L.1/1.2 control channel transmitted to the base station appa-
ratus 200 by the user apparatus 100,, in continuous sub-
frames, the band of basic frequency block in which the [.1/1.2
control channel is transmitted in a first subframe is different
from the band of basic frequency block in which the [.1/1.2
control channel is transmitted in the subsequent subframe. In
each basic frequency block, transmission of the [.1/1.2 control
channel is performed continuously in the two slots, in which
the channel is transmitted by the second control band in the
first slot, and the channel is transmitted by the first control
band in the next slot. The order can be reversed.

(Method 2) Intra-TTI hopping is applied between basic
frequency blocks by using single carrier transmission.

In this method, as shown in FIG. 9, transmission of the
L1/L2 control channel to be transmitted to the base station
apparatus 200 by the user apparatus 100, is performed by
using a plurality of different basic frequency blocks in a
subframe. In the present embodiment, a case is described in
which two basic frequency blocks are used. Similar process-
ing is applied in cases in which equal to or more than three
basic frequency blocks are used. In the two basic frequency
blocks, the first control band and the second control band
located in (including) bands of ends of the two basic fre-
quency blocks are prepared. In the two basic frequency
blocks, transmission of [.1/[.2 control channel is performed
continuously in two slots. In the first slot, the channel is
transmitted using the second control band of a basic fre-
quency block of the high frequency side in the two basic
frequency blocks, and in the next slot, the channel is trans-
mitted using the first control band of a basic frequency block
of the low frequency side. The order may be reversed.

(Method 3) The channel is transmitted from a plurality of
basic frequency blocks by using multicarrier transmission.

In this method, as shown in FIG. 10, transmission of the
L1/L2 control channel to be transmitted to the base station
apparatus 200 by the user apparatus 100, is performed by
using a plurality of different basic frequency blocks in a
subframe. In the present embodiment, a case is described in
which two basic frequency blocks are used as an example.
Similar processing is applied in a case in which equal to or
more than three basic frequency blocks are used. In each of
the two basic frequency blocks, the first control band and the
second control band located in (including) bands of ends of
the basic frequency block are prepared. In each of the two
basic frequency blocks, the [.1/[.2 control channel is trans-
mitted at the same time (in the same slot) where multicarrier
transmission is applied. In the first slot, the channel is trans-
mitted using the first control band of a basic frequency block
in the high frequency side and the first control band of a basic
frequency block in the low frequency side, and in the next
slot, the channel is transmitted using the second control band
of'the basic frequency block in the low frequency side and the
second control band of the basic frequency block in the high
frequency side. The order may be reversed. In the example
shown in FIG. 10, control bands to which the 1.1/L.2 control
channel is mapped are the same in the continuous subframes.

In addition, as shown in FIG. 11, control bands to which the
L1/L.2 control channel is mapped may be different in the
continuous subframes.
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Characteristics of the transmission methods of the control
information described as the above-mentioned methods 1-3
are described with reference to FIG. 12.

Characteristics regarding frequency diversity are
described.

In the first method, since intra-TTI hopping is performed in
a basic frequency block in a subframe, the method 1 is similar
to Rel-8 LTE in terms of effect of frequency diversity.

Inthe method 2, intra-TTT hopping is performed between a
plurality of basic frequency blocks in a subframe. Since bands
where the [.1/1.2 control channel are separated, the method 2
is better than the method 1 in terms of the effect of frequency
diversity.

In the method 3, since multicarrier transmission is applied,
and the [L1/1.2 control channel is transmitted by a plurality of
bands in a slot, the method 3 is better than the methods 1 and
2 in terms of the effect of frequency diversity.

In the following, characteristics regarding other cell inter-
ference are described.

Interference occurs when a cell where the user apparatus
resides and other cell different from the cell use radio
resources of the same band.

In the method 1, hopping patterns are configured to be
different for each cell such that radio resources different from
other cell are used. For example, bands of the basic frequency
blocks are configured to be different for each subframe. By
configuring the bands of the basic frequency blocks to be
different for each subframe, even when a radio resource of the
same band is used at an instant, a different radio resource can
be used at another instant different from the instant.

The method 2 is similar to Rel-8 LTE in that the L1/L.2
control channel is transmitted by similar band in each sub-
frame.

The method 3 is similar to Rel-8 LTE in that the L1/L.2
control channel is transmitted by similar band in each sub-
frame. However, as shown in FIG. 11, interference from other
cell can be reduced by configuring the system such that the
L.1/1.2 control channel is transmitted by using different bands
in each subframe.

In the following, characteristics regarding PAPR are
described.

The methods 1 and 2 are similar to Rel-8 LTE in that they
use single-carrier transmission.

As to the method 3, since it uses multicarrier transmission,
PAPR becomes larger compared to method 1 and method 2.

In the following, characteristics regarding multiplexing
with the terminal of Rel-8 LTE in the same resource are
described.

Configuration in 1 subframe in the method 1 is similar to
Rel-8 LTE. Therefore, it is possible to multiplexing with the
terminal of Rel-8 LTE within the same resource.

In the method 2, the [L1/1.2 control channel is mapped to
bands of both ends of the basic frequency block in the termi-
nal of Rel-8 LTE. As to the terminal of LTE-Advanced, the
L1/1.2 control channel is mapped to bands of both ends of two
basic frequency blocks. Therefore, as the number of terminals
of LTE-Advanced becomes greater, the frequency use effi-
ciency of bands of the both ends of the two basic frequency
blocks improves, but, the frequency use efficiency of bands
between the two basic frequency blocks becomes lower.

The method 3 is different from Rel-8 LTE in the transmis-
sion method since multicarrier transmission is applied in the
method 3. When multicarrier DFT-Spread OFDM is applied,
code division multiplexing can be performed with the termi-
nal of Rel-8 LTE. However, when OFDM or Clustered DFT-
Spread OFDM is applied, it is necessary to perform frequency
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division multiplexing or time division multiplexing since
code division multiplexing is not available.

In the following, characteristics regarding information
amount that can be transmitted per TTI, and time required for
transmitting control information over a plurality of basic fre-
quency blocks are described.

In the methods 1 and 2, the information amount that can be
transmitted per TTI is the same as that of Rel-8 LTE. There-
fore, a plurality of TTTs are necessary for transmitting control
information over a plurality of basic frequency blocks. Also,
TTImay be decreased by encoding control information of the
basic frequency block in units of slots.

Since the method 3 is multicarrier transmission, transmis-
sion amount that can be transmitted per TTI is greater than
that of Rel-8 LTE. Therefore, compared to the methods 1 and
2, control information can be transmitted in shorter time. But,
by the amount, the radio resource used per TTI becomes
larger compared to the methods 1 and 2.

As shown in FIG. 12, when transmitting control signal
using one basic frequency block, the methods 1 and 2
becomes similar to Rel-8 LTE.

Operation of the mobile communication system of the
present embodiment is described with reference to FIG. 13.

The base station 200 transmits a downlink signal (step
$1302).

The user apparatus 100,, ascertains basic frequency block
1D (number), resource number, CAZAC sequence and cyclic
shift based on a cell ID and a resource ID (step S1304). For
example, the cell ID and the resource ID may be detected
based on the downlink signal. For example, the base station
may determine the resource ID so as to assign a basic fre-
quency block that has not been assigned. For example, hop-
ping patterns may be set such that radio resources used by
each user apparatus do not overlap. In this case, as long as
different hopping patterns are used, the same radio resource is
not used by a plurality of user apparatuses in the same sub-
frame. In addition, hopping patterns may be configured to be
different for each cell.

The user apparatus 100, maps the control information
based on the ascertained basic frequency block 1D (number),
resource number, CAZAC sequence and cyclic shift (step
S1306). In this step, the control information may be spread
over a plurality of subcarriers based on the CAZAC sequence
and the cyclic shift.

The user apparatus 100,, performs inverse Fourier trans-
form on the mapped signal (step S1308).

The user apparatus 100, transmits an uplink control chan-
nel (step S1310).

The base station 200 performs Fourier transform on the
received signal (step S1312).

The base station 200 extracts the mapped control informa-
tion based on the Fourier transformed received signal (step
S1314).

The base station 200 restores the extracted control infor-
mation (step S1316).

In the above example, although the case where single-
carrier transmission is applied and the case multicarrier trans-
mission is applied are described, each of the cases may be
used by switching between them according to surrounding
environments. The surrounding environments may include
cell configuration and propagation status. For example, the
cases may be switched according to the location of the user
apparatus. More specifically, it is possible that signal-carrier
transmission is applied to a user located at the cell edge, and
that multicarrier transmission may be applied to a user
located in a center region of the cell.
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Although a case where the OFDM scheme is applied to the
uplink is described mainly, it may be applied not only to the
uplink but also to the downlink. The method can be widely
applied when transmitting retransmission control informa-
tion and the channel quality indicator by the multicarrier
scheme.

Although the subframe that forms the radio frame includes
two slots in the above embodiments, the number of slots may
be greater than two, and may be one. In addition, although the
bands (first, second control bands) reserved specifically for
transmitting control information are prepared one by one in
both ends of the system band, any number of such specific
control bands may be prepared anywhere in the system bands.
However, from the viewpoint of enhancing diversity effect by
frequency hopping, it is preferable to use a plurality of control
bands that are separated as far as possible on the frequency
axis. The frequency hopping may be performed in units of
slots, may be performed in units of subframes, or may be
performed in units of one or more symbol groups forming a
slot (several OFDM symbols, for example). From the view-
point of reducing overhead in radio transmission, it is prefer-
able that the bandwidth of the control band is narrow as much
as possible. The bandwidth of the control band may be
changed according to the size of the system bandwidth.

Although the acknowledgement information (ACK/
NACK) and/or channel quality information (CQI) are mainly
transmitted using the control bands prepared in the both ends
of a basic frequency block or a predetermined number of
different basic frequency blocks in the above-mentioned
embodiments, information other than those may be transmit-
ted using the control bands. For example, a packet number of
apacket that is a target of ACK/NACK, puncture pattern, user
identification information and the like may be included as
retransmission control information. But, from the viewpoint
of reporting information to the other party of communication
frequently while reducing overhead, it is preferable to limit
information transmitted by the specific control band to ACK/
NACK and CQI which are particularly important for through-
put of the system so as to keep the number of transmitted
information bits to be small.

When receiving a control channel and a data channel, it is
necessary at least to know which radio resource is used in
what way when performing receive processing. Therefore,
also when reporting ACK/NACK and CQI to the other party
of'the communication, it is necessary to report the use method
of the radio resource. However, if the radio resource is con-
sumed only for the reporting, overhead becomes large. Thus,
from the viewpoint of effective utilization of resources, it is
preferable to contrive measures for performing the report
efficiently.

(1) As an example of the measures, it can be considered to
use information (that is, mapping position of scheduling
information) indicating how the scheduling information is
included in the downlink control channel. The downlink
L1/1.2 control channel includes scheduling information of the
number of multiplexed users. In the present method,
resources are reserved beforehand for the maximum user
multiplexing number N¢cz 5.5 0f pieces of control infor-
mation. The user apparatus receives the downlink [.1/1.2 con-
trol channel, and extracts scheduling information addressed
to the user apparatus. In this case, the user apparatus can
check presence or absence of the scheduling information
addressed to the user apparatus by performing decoding the
maximum user multiplexing number Nz 5.4y Of times at
most.

For example, it is assumed that a user apparatus UE finds
downlink scheduling information addressed to the user appa-
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ratus at x-th decoding. The user apparatus UE receives a
downlink data channel using a resource block specified by the
downlink scheduling information, and prepares ACK/NACK.
The user apparatus UE reports ACK/NACK to the base sta-
tion by using a resource for control information correspond-
ing to the number x on a one-to-one basis.

In addition, when the user apparatus UE finds uplink
scheduling information addressed to the user apparatus at
x-th decoding, an uplink data channel is transmitted using a
resource block specified by the information. The base station
prepares ACK/NACK for the uplink data channel. Then, the
base station writes ACK/NACK in a x-th position in the
downlink L.1/L.2 control channel. The user apparatus UE
reads the information written at the x-th position so as to be
able to know necessity of retransmission. However, it is
assumed that the transmission timing of the data channel and
the transmission timing of ACK/NACK are known before-
hand.

By setting the correspondence relationship beforehand, the
user apparatus and the base station can know necessity of
retransmission without reporting user identification informa-
tion and resource information at each time.

(2) In the above example, the mapping position of the
control channel is used. Instead of that, a location of a
resource block may be used. In this method, resources for the
resource block total number Nzz 4.,y of pieces of control
information are kept beforehand.

For example, in the downlink, it is assumed that an x-th
resource block RB_x is assigned to a user apparatus UE. The
user apparatus UE restores a data channel of the resource
block RB_x, and prepares ACK/NACK. The user apparatus
UE reports ACK/NACK to the base station by using a
resource for control information corresponding to x on a
one-to-one basis.

In addition, in the uplink, it is assumed that a resource
block RB_x is assigned to the user apparatus UE. The user
apparatus UE transmits an uplink data channel using the
resource block RB_x. For the uplink data channel, the base
station prepares ACK/NACK. Then, the base station writes
ACK/NACK in an x-th position in the downlink [.1/L.2 con-
trol channel. The user apparatus UE reads the information
written at the x-th position so as to be able to know necessity
of retransmission. Also in this case, it is assumed that the
transmission timing of the data channel and the transmission
timing of ACK/NACK are known beforehand.

Also, by setting such correspondence relationship before-
hand, the user apparatus and the base station can know neces-
sity of retransmission efficiently.

Typically, it can be considered that the CQI feedback infor-
mation is reported periodically. Thus, in initial transmission
or beforehand, information (transmission resource number,
transmission cycle, transmission period and the like) neces-
sary for transmitting CQI is signaled using a broadcast chan-
nel and the like, and after that, transmission is performed
according to the information reported beforehand without
signaling, so that the amount of signaling can be reduced.

According to the present embodiment, as to the uplink
control channel, frequency hopping can be applied when
transmitting control information of a plurality of basic fre-
quency blocks, reception quality in the receiving apparatus
can be improved.

As to the uplink control channel, frequency hopping can be
applied when transmitting control information of a plurality
of basic frequency blocks by applying single-carrier trans-
mission or multicarrier transmission.

The mobile communication system of the present embodi-
ment can be applied to any proper mobile communication
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system that transmits control information by the single-car-
rier scheme and/or multicarrier scheme.

As described above, while the present invention is
described with reference to specific embodiments, the respec-
tive embodiments are merely exemplary, so that a skilled
person will understand variations, modifications, alterna-
tives, and replacements. While specific numerical value
examples are used to facilitate understanding of the present
invention, such numerical values are merely examples, so that
any appropriate value may be used unless specified other-
wise. For convenience of explanation, while the apparatus
according to the embodiments of the present invention is
explained using functional block diagrams, such an apparatus
as described above may be implemented in hardware, soft-
ware, or a combination thereof. The present invention is not
limited to the above embodiments, so that variations, modi-
fications, alternatives, and replacements are included in the
present invention without departing from the spirit of the
present invention.

DESCRIPTION OF REFERENCE SIGNS

50 cell

100,, 100,, 100, user apparatus

200 base station apparatus

300 upper node

400 core network

102 OFDM signal demodulation unit

104 CQI estimation unit

106 downlink control signal decoding unit
108 ACK/NACK determination unit

110 L1/L.2 control signal process block

112 channel coding unit

114 data modulation unit

116 subcarrier mapping unit

118 inverse fast Fourier transform unit (IFFT)
120 guard interval adding unit (CP)

122 pilot signal process block

124 pilot sequence generation unit

126 subcarrier mapping unit

128 inverse fast Fourier transform unit (IFFT)
132 guard interval adding unit

132 multiplexing unit

202 synchronization detection and channel estimation unit
204 guard interval removing unit

206 fast Fourier transform unit (FFT)

208 subcarrier demapping unit

210 data demodulation unit

212 data decoding unit

214 ACK/NACK determination unit

216 scheduler

218 uplink scheduling grant signal generation unit
220 other downlink channel generation unit
222 OFDM signal generation unit

1000 mobile communication system

The invention claimed is:

1. A transmission apparatus for transmitting an uplink sig-
nal by using a plurality of basic frequency blocks, wherein a
system band is divided into a plurality of bands by a basic
frequency block having a predetermined bandwidth, com-
prising:

a mapping unit configured to map control information to
subcarriers in a basic frequency block in a given sub-
frame;

an inverse Fourier transform unit configured to perform
inverse Fourier transform on a signal to which the con-
trol information is mapped by the mapping unit; and
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aradio transmission unit configured to transmit a transmis-
sion signal, to a receiving apparatus by radio, including
a signal on which inverse Fourier transform has been
performed by the inverse Fourier transform unit,

wherein, in a subframe subsequent to the given subframe,
the mapping unit maps the control information to sub-
carriers in a basic frequency block of a band different
from a band of the basic frequency block in the given
subframe,

wherein, in a basic frequency block in a given subframe,
the mapping unit maps the control information to a plu-
rality of bands that are prepared discontinuously in the
frequency domain over a period of a subframe and that
are prepared separately from a band for a shared data
channel.

2. The transmission apparatus as claimed in claim 1,
wherein the plurality of bands include a first band and a
second band located in bands of ends of the basic frequency
block,

the subframe includes equal to or more than two unit peri-
ods, and first and second control information addressed
to the receiving apparatus is transmitted over equal to or
more than two unit periods, and

the mapping unit maps, to the second band, the first control
information addressed to the receiving apparatus in the
first unit period, and the mapping unit maps, to the first
band, the second control information addressed to the
receiving apparatus in the second unit period.

3. The transmission apparatus as claimed in claim 2,
wherein the unit period is a slot having a period half a sub-
frame.

4. A transmission apparatus for transmitting an uplink sig-
nal by using a plurality of basic frequency blocks, wherein a
system band is divided into a plurality of bands by a basic
frequency block having a predetermined bandwidth, com-
prising:

a mapping unit configured to map control information to
subcarriers in different basic frequency blocks in a given
subframe;

an inverse Fourier transform unit configured to perform
inverse Fourier transform on a signal to which the con-
trol information is mapped by the mapping unit; and

aradio transmission unit configured to transmit a transmis-
sion signal, to a receiving apparatus by radio, including
a signal on which inverse Fourier transform has been
performed by the inverse Fourier transform unit,

wherein, in different basic frequency blocks, the mapping
unit maps the control information to a plurality of bands
that are prepared discontinuously in the frequency
domain over a period of a subframe and that are prepared
separately from a band for a shared data channel.

5. The transmission apparatus as claimed in claim 4,
wherein the plurality of bands include a first band and a
second band located in bands of ends of the different basic
frequency blocks,

the subframe includes equal to or more than two unit peri-
ods, and first and second control information addressed
to the receiving apparatus are transmitted over equal to
or more than two unit periods,

the mapping unit maps, to the second band, the first control
information addressed to the receiving apparatus in the
first unit period, and the mapping unit maps, to the first
band, the second control information addressed to the
receiving apparatus in the second unit period.

6. The transmission apparatus as claimed in claim 4,

wherein, in each basic frequency block, the mapping unit
maps the control information to a plurality of bands that are
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prepared discontinuously in the frequency domain over a
period of a subframe and that are prepared separately from a
band for the shared data channel.

7. The transmission apparatus as claimed in claim 6,
wherein the plurality of bands include a first band and a
second band located in bands of ends of the basic frequency
block,

the subframe includes equal to or more than two unit peri-
ods, and first and second control information addressed
to the receiving apparatus are transmitted over equal to
or more than two unit periods, and

the mapping unit maps, to the first band in each basic
frequency block, the first control information addressed
to the receiving apparatus in the first unit period, and the
mapping unit maps, to the second band in each basic
frequency block, the second control information
addressed to the receiving apparatus in the second unit
period.

8. The transmission apparatus as claimed in claim 7,
wherein, in a subframe subsequent to the given subframe, the
mapping unit maps, to the second band in each basic fre-
quency block, the first control information addressed to the
receiving apparatus in the first unit period, and the mapping
unit maps, to the first band in each basic frequency block, the
second control information addressed to the receiving appa-
ratus in the second unit period.
9. A method in a transmission apparatus for transmitting an
uplink signal by using a plurality of basic frequency blocks,
wherein a system band is divided into a plurality of bands by
a basic frequency block having a predetermined bandwidth,
comprising:
a mapping step of mapping control information to subcar-
riers in a basic frequency block in a given subframe;

an inverse Fourier transform step of performing inverse
Fourier transform on a signal to which the control infor-
mation is mapped by the mapping step; and

a radio transmission step of transmitting a transmission
signal, to a receiving apparatus by radio, including a
signal on which inverse Fourier transform has been per-
formed by the inverse Fourier transform step,

wherein, in the mapping step, in a subframe subsequent to
the given subframe, the transmission apparatus maps the
control information to subcarriers in a basic frequency
block of a band different from a band of the basic fre-
quency block in the given subframe,

wherein in a basic frequency block in a given subframe, the
mapping step maps the control information to a plurality
of bands that are prepared discontinuously in the fre-
quency domain over a period of a subframe and that are
prepared separately from a band for a shared data chan-
nel.

10. A method in a transmission apparatus for transmitting
an uplink control signal by using a plurality of basic fre-
quency blocks, wherein a system band is divided into a plu-
rality of bands by a basic frequency block having a predeter-
mined bandwidth, comprising:

a mapping step of mapping control information to subcar-
riers in different basic frequency blocks in a given sub-
frame;

an inverse Fourier transform step of performing inverse
Fourier transform on a signal to which the control infor-
mation is mapped by the mapping step; and

a radio transmission step of transmitting a transmission
signal, to a receiving apparatus by radio, including a
signal on which inverse Fourier transform has been per-
formed by the inverse Fourier transform step,
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wherein, in the mapping step, in different basic frequency
blocks, the transmission apparatus maps the control
information to a plurality of bands that are prepared
discontinuously in the frequency domain over a period
of a subframe and that are prepared separately from a
band for a shared data channel.

11. A receiving apparatus for receiving an uplink signal
transmitted by using a plurality of basic frequency blocks,
wherein a system band is divided into a plurality of bands by
a basic frequency block having a predetermined bandwidth,
comprising:

a Fourier transform unit configured to perform Fourier

transform on a received signal;

a demapping unit configured to extract a signal mapped to
each subcarrier based on the signal on which Fourier
transform has been performed by the Fourier transform
unit; and

a restoring unit configured to restore control information
extracted by the demapping unit,

wherein, the demapping unit extracts control information
mapped to subcarriers in a basic frequency block in a
subframe, and

in a subframe subsequent to the given subframe, the
demapping unit extracts control information, mapped to
subcarriers in a basic frequency block ofa band different
from a band of the basic frequency block in the given
subframe,

wherein, in a basic frequency block in a given subframe,
the the demapping unit extracts control information
mapped to a plurality of bands that are prepared discon-
tinuously in the frequency domain over a period of a
subframe and that are prepared separately from a band
for a shared data channel.

12. A receiving apparatus for receiving an uplink signal
transmitted by using a plurality of basic frequency blocks,
wherein a system band is divided into a plurality of bands by
a basic frequency block having a predetermined bandwidth,
comprising:

a Fourier transform unit configured to perform Fourier

transform on a received signal;

a demapping unit configured to extract a signal mapped to
each subcarrier based on the signal on which Fourier
transform has been performed by the Fourier transform
unit; and

a restoring unit configured to restore control information
extracted by the demapping unit,

wherein, in subcarriers in a different basic frequency
blocks in a subframe, the demapping unit extracts con-
trol information mapped to a plurality of bands that are
prepared discontinuously in the frequency domain over
a period of a subframe and that are prepared separately
from a band for a shared data channel.

13. A method in a receiving apparatus for receiving an
uplink signal transmitted by using a plurality of basic fre-
quency blocks, wherein a system band is divided into a plu-
rality of bands by a basic frequency block having a predeter-
mined bandwidth, comprising:

a Fourier transform step of performing Fourier transform

on a received signal:

a demapping step of extracting a signal mapped to each of
a plurality of subcarriers based on the signal on which
Fourier transform has been performed by the Fourier
transform step; and

a restoring step of restoring control information extracted
by the demapping step,
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wherein, in the demapping step, the receiving apparatus
extracts control information mapped to subcarriers in a
basic frequency block in a given subframe, and

in a subframe subsequent to the given subframe, the receiv-
ing apparatus extracts control information mapped to
subcarriers in a basic frequency block of a band different
from a band of the basic frequency block in the given
subframe,

wherein, in a basic frequency block in a given subframe,
the the demapping step extracts control information
mapped to a plurality of bands that are prepared discon-
tinuously in the frequency domain over a period of a
subframe and that are prepared separately from a band
for a shared data channel.

14. A method in a receiving apparatus for receiving an
uplink signal transmitted by using a plurality of basic fre-
quency blocks, wherein a system band is divided into a plu-
rality of bands by a basic frequency block having a predeter-
mined bandwidth, comprising:

a Fourier transform step of performing Fourier transform

on a received signal;

a demapping step of extracting a signal mapped to each
subcarrier based on the signal on which Fourier trans-
form has been performed by the Fourier transform step;
and

a restoring step of restoring control information extracted
by the demapping step,

wherein, in the demapping step, in subcarriers in basic
frequency blocks in a subframe, the receiving apparatus
extracts control information mapped to a plurality of
bands that are prepared discontinuously in the frequency
domain over a period of a subframe and that are prepared
separately from a band for a shared data channel.

15. A mobile communication system comprising:

a transmission apparatus for transmitting an uplink signal
by using a plurality of basic frequency blocks, wherein a
system band is divided into a plurality of bands by a
basic frequency block having a predetermined band-
width; and a receiving apparatus for receiving the uplink
signal,

the transmission apparatus comprising:

a mapping unit configured, when mapping control infor-
mation to subcarriers in a basic frequency block in a
given subframe, to map, in a subframe subsequent to the
given subframe, the control information to subcarriers in
a basic frequency block of a band different from a band
of the basic frequency block in the given subframe;

an inverse Fourier transform unit configured to perform
inverse Fourier transform on a signal to which the con-
trol information is mapped by the mapping unit; and

a radio transmission unit configured to transmit a transmis-
sion signal, to the receiving apparatus by radio, includ-
ing a signal on which inverse Fourier transform has been
performed by the inverse Fourier transform unit,

the receiving apparatus comprising:

a Fourier transform unit configured to perform Fourier
transform on a received signal;

a demapping unit configured, when extracting a signal
mapped to each subcarrier based on the signal on which
Fourier transform has been performed by the Fourier
transform unit, to extract, in subcarriers in a basic fre-
quency block in a given subframe, control information
mapped to subcarriers in a basic frequency block of a
band different from a band of the basic frequency block
in the given subframe; and

a restoring unit configured to restore control information
extracted by the demapping unit,
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wherein, in a basic frequency block in a given subframe,
the mapping unit maps the control information to a plu-
rality of bands that are prepared discontinuously in the
frequency domain over a period of a subframe and that
are prepared separately from a band for a shared data
channel.

16. A mobile communication system comprising: a trans-
mission apparatus for transmitting an uplink signal by using a
plurality of basic frequency blocks, wherein a system band is
divided into a plurality of bands by a basic frequency block
having a predetermined bandwidth; and a receiving apparatus
for receiving the uplink signal,

the transmission apparatus comprising: a mapping unit
configured, when mapping control information to sub-
carriers in different basic frequency blocks in a given
subframe, to map, in different basic frequency blocks,
the control information to a plurality of bands that are
prepared discontinuously in the frequency domain over
a period of a subframe and that are prepared separately
from a band for a shared data channel,
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an inverse Fourier transform unit configured to perform
inverse Fourier transform on a signal to which the con-
trol information is mapped by the mapping unit; and

a radio transmission unit configured to transmit a transmis-
sion signal, to the receiving apparatus by radio, includ-
ing a signal on which inverse Fourier transform has been
performed by the inverse Fourier transform unit,

the receiving apparatus comprising:

a Fourier transform unit configured to perform Fourier
transform on a received signal;

a demapping unit configured, when extracting a signal
mapped to each subcarrier based on the signal on which
Fourier transform has been performed by the Fourier
transform unit, to extract, in subcarriers in different
basic frequency blocks in a subframe, control informa-
tion mapped to a plurality of bands that are prepared
discontinuously in the frequency domain over a period
of a subframe and that are prepared separately from a
band for the shared data channel; and

a restoring unit configured to restore control information
extracted by the demapping unit.
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