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(57) Abstract: This invention is directed to provision of a base station apparatus, a mobile terminal apparatus and a communica­
tion control method. The base station apparatus can appropriately allocate a resource of a response signal of retransmission in re­
sponse to a signal in which a plurality of layers are space-multiplexed in an uplink, and the base station apparatus further can sup - 
port the next generation mobile communication system. The base station apparatus receives, from a mobile terminal apparatus 
(10), a signal in which a plurality of layers are space-multiplexed in an uplink; generates an ACK/NACK of HARQ for the signal 
received in each layer of the uplink; and uses an offset value, which has fixedly been specified between the base station apparatus 
and the mobile terminal apparatus (10) for each layer of the uplink, to allocate, to PHICH resource, the ACK/NACK of HARQ of 
a transport block related to each layer.

(57)
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DESCRIPTION

BASE STATION APPARATUS, MOBILE TERMINAL APPARATUS

5
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25

AND

COMMUNICATION CONTROL METHOD

Technical Field

[0001] The present invention relates to a base station

apparatus, a mobile terminal apparatus and a communication

control method in a next-generation mobile communication

system.

Background Art

[0002] In a UMTS (Universal Mobile Telecommunications System) 

network, for the purposes of improving spectral efficiency and 

improving the data rates, system features based on W-CDMA 

(Wideband Code Division Multiple Access) are maximized by 

adopting HSDPA (High Speed Downlink Packet Access) and HSUPA 

(High Speed Uplink Packet Access). For this UMTS network, for 

the purposes of further increasing high-speed data rates, 

providing low delay and so on, long term evolution (LTE) has 

been under study (see, for example, Non Patent Literature 1) . 

In LTE, as multiplexing schemes, OFDMA (Orthogonal Frequency 

Division Multiple Access), which is different from W-CDMA, is 

used on the downlink, and SC-FDMA (Single Carrier Frequency 

Division Multiple Access) is used on the uplink.

[0003] In a third-generation system, it is possible to achieve 

a transmission rate of maximum approximately 2 Mbps on the 

downlink by using a fixed band of approximately 5 MHz.
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4 Meanwhile, in the LTE system, it is possible to achieve a 
transmission rate of about maximum 300 Mbps on the downlink 
and about 75 Mbps on the uplink by using a variable band 
which ranges from 1.4 MHz to 20 MHz. Furthermore, in the 

5 UMTS network, for the purpose of achieving further 
broadbandization and higher speed, successor systems to LTE 
have been under study (for example, LTE Advanced (LTE-A) ) .
Accordingly, in the future, it is expected that these 
multiple mobile communication systems will coexist, and 

10 configurations (radio base station apparatus, mobile 
terminal apparatus, etc.) that are capable of supporting 
these multiple systems will become necessary.
[0004] Also, in LTE-A, uplink single-user ΜΙΜΟ (Multiple
Input Multiple Output) transmission is introduced to make

15 possible improved uplink spectral efficiency. Consequently,
in relationship to this introduction of uplink SU-MIMO, a 
resource allocation method for a response signal for 
retransmission of a signal in which a plurality of layers 
are space-multiplexed on the uplink, is under study.

20

Citation List
Non-Patent Literature
[0005]
Non-Patent Literature 1: 3GPP, TR25.912 (V7.1.0),

25 "Feasibility study for Evolved UTRA and UTRAN," Sept. 2006

Summary of Invention
[0006] The present invention has been made in view of the 
above backgrounds, and it is therefore an object of the

9273933
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4 present invention to provide a base station apparatus, a 
mobile terminal apparatus and a communication control method 
that can adequately allocate resources of a response signal 
for retransmission of a signal in which a plurality of 

5 layers are space-multiplexed on the uplink.
[0007] A base station apparatus according to one aspect of 
the present disclosure has a receiving section configured to 
receive spatially-multiplexed signals corresponding to a 
plurality of layers via an uplink from a mobile terminal

10 apparatus, a response signal generation section configured 
to generate response signals for retransmission in response 
to signals received in the respective layers on the uplink, 
and an allocation section configured to allocate the 
response signals for the layers to resources by using offset

15 values that are fixedly defined in advance between the base

20

station apparatus
respective
[0007A] A
aspect of
configured

layers
mobile

and the mobile terminal apparatus
of the uplink.
terminal apparatus according to

the present disclosure has a transmission
to transmit spatially-multiplexed

for the

another
section
signals

corresponding to a plurality of layers via an uplink to a
base station apparatus; a resource specifying section
configured to specify resources of response signals for
retransmission from the base station apparatus in response
to signals transmitted by the layers, by using offset values
that are fixedly defined in advance between the mobile
terminal apparatus and the base station apparatus for the
respective layer of the uplink; and a response signal
acquiring section configured to acquire the response signals

25

9273933
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4 of the resources specified in the resource specifying
section.
[0007B] A communication control method for a base station
apparatus according to yet another aspect of the present

5 disclosure includes the steps of receiving spatially-
multiplexed signals corresponding to a plurality of layers
via an uplink from a mobile terminal apparatus; generating
response
received

10 response

signals
in the
signals

for retransmission in response
layers on the uplink; and
for the respective layers

to signals
allocating the

to resources by
using offset values that are fixedly defined in advance with
the mobile terminal apparatus for the respective layers of
the uplink.
[0007C] A radio communication system according to another 

15 aspect of the present disclosure comprises a base station 
apparatus and a mobile terminal apparatus communicating with 
the base station apparatus, the base station apparatus 
having: a receiving section configured to receive spatially- 
multiplexed signals corresponding to a plurality of layers 

20 via an uplink from the mobile terminal apparatus; a response 
signal generation section configured to generate response 
signals for retransmission in response to signals received 
in the respective layers on the uplink; and an allocation 
section configured to allocate the response signals for the

25 layers to resources by using offset values that are fixedly 
defined in advance between the base station apparatus and 
the mobile terminal apparatus for the respective layers of 
the uplink.

9273933
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4 [0008] According to aspects of the present disclosure, it 
is possible to prevent collision of response signal 
resources that are allocated to transport blocks associated 
with respective layers, by using offsets that are defined in 

5 advance, on a fixed basis, with a mobile terminal apparatus, 
per transport block associated with an uplink layer. In this 
way, it is

9273933



4

5

10

15

20

25

possible to adequately allocate, to a base station apparatus 

adopting uplink single-user ΜΙΜΟ transmission mode, response 

signal resources for uplink signal retransmission, per 

transport block associated with a layer.

Brief Description of Drawings

[0009]

FIG. 1 is a diagram to explain the system band of an 

LTE-A system;

FIG. 2 provides diagrams each explaining an example of a 

PHICH resource allocation method of an LTE system;

FIG. 3 is a diagram to explain an example of a PHICH 

resource allocation method of the LTE system using CS values;

FIG. 4 is a diagram to explain uplink single-user ΜΙΜΟ 

of the LTE-A system;

FIG. 5 is a diagram to explain an example of a PHICH 

resource allocation method of the LTE system using CS values;

FIG. 6 is a diagram to explain an example of the first 

PHICH resource allocation method;

FIG. 7 is a diagram to explain an example of a second 

PHICH resource allocation method;

FIG. 8 provides diagrams to explain clustered DFT-S- 

OFDMA of the LTE-A system;

FIG. 9 is a diagram to explain an example of a fourth 

PHICH resource allocation method;

FIG. 10 is a diagram to explain a configuration of a 

mobile communication system;

FIG. 11 is a diagram to explain an overall configuration 

of a base station apparatus;
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FIG. 12 is a diagram to explain an overall configuration 

of a mobile terminal apparatus;
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PHICH resource allocation method.

FIG. 13 is a functional block diagram of a baseband

signal processing section provided in a base station

apparatus;

FIG. 14 is a functional block diagram of a baseband

signal processing section provided in a mobile terminal

apparatus; and

FIG. 15 is a diagram to explain an example of a fifth

Description of Embodiments

[0010] FIG. 1 is a diagram for explaining the state of use of 

frequency when mobile communication is performed on the 

downlink. The example illustrated in FIG. 1 is the state of 

use of frequency in the event where an LTE-A system, which is 

the first mobile communication system having a relatively wide 

first system band formed with a plurality of fundamental 

frequency blocks (hereinafter referred to as "component 

carriers: CCs"), and an LTE system, which is a second mobile 

communication system having a relatively narrow (here, formed 

with one component carrier) second system band, coexist. In 

the LTE-A system, for example, radio communication is 

performed using a variable system bandwidth of 100 MHz or 

below, and, in the LTE system, radio communication is 

performed using a variable system bandwidth of 20 MHz or 

below. The system band for the LTE-A system is at least one 

fundamental frequency block, where the system band of the LTE 

system is one unit. Coupling a plurality of fundamental 
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frequency blocks into a wide band as one unit in this way is 

referred to as "carrier aggregation".

[0011] For example, in FIG. 1, the system band of the LTE-A 

system is a system band to include bands of five component 

carriers (20 MHzx5=100 MHz), where the system band (base band: 

20 MHz) of the LTE system is one component carrier. In FIG. 1, 

mobile terminal apparatus UE (User Equipment) #1 is a mobile 

terminal apparatus to support the LTE-A system (and also 

support the LTE system) and has a system band of 100 MHz. UE 

#2 is a mobile terminal apparatus to support the LTE-A system 

(and also support the LTE system) and has a system band of 4 0 

MHz (20 MHzx2=40 MHz). UE #3 is a mobile terminal apparatus to 

support the LTE system (and not support the LTE-A system) and 

has a system band of 20 MHz (base band).

[0012] Now, in the LTE system and LTE-A system, the base 

station apparatus transmits HARQ (Hybrid Automatic Repeat 

reQuest) ACK or NACK of uplink transmission (PUSCH: Physical 

Uplink Shared Channel) by the PHICH (Physical Hybrid-ARQ 

Indicator Channel). PHICH resources are specified based on, 

for example, the PHICH group and the seq. index, as shown in 

FIG. 2A. The PHICH groups are divided per predetermined 

frequency band. The seq. indices represent the orthogonal 

sequence indices to be used in the same frequency band (the 

same PHICH group) . In this way, the PHICH is FDM (Frequency 

Division Multiplexing)-multiplexed between a plurality of 

PHICH groups and is CDM (Code Division Multiplexing)- 

multiplexed in the same PHICH group.

[0013] In the LTE system, PHICH resources are allocated 

according to the resource block index (RB index) for uplink 



7

5

10

15

20

25

transmission, indicated to the mobile terminal apparatus in 

the UL grant. As shown in FIG. 2B, the uplink adopts single­

carrier (SC-FDMA), so that the top resource block index (the 

lowest resource block index) Iiow of consecutive resource 

blocks is indicated in the UL grant. In the example shown in 

FIG. 2, when the lowest resource block index Iiow "30" for 

uplink transmission is indicated, the PHICH resource is 

allocated to the PHICH group "4", the seq. index "2". Note 

that, "DL CC" given in the following descriptions represents 

the downlink of a component carrier and "UL CC" represents the 

uplink of a component carrier.

[0014] Also, in the LTE system, when a plurality of mobile 

terminal apparatuses use the same Iiow in multi-user ΜΙΜΟ 

(Multiple Input Multiple Output), the CS (Cyclic Shift) value, 

which is an uplink demodulation reference signal (DMRS) 

parameter, is used. As shown in FIG. 3, collision of PHICH 

resources is prevented by changing the CS values on a per-UE 

basis. In the example shown in FIG. 3, when a plurality of 

mobile terminal apparatuses use the same Iiow "30," the PHICH 

resource for one mobile terminal apparatus is, assuming the CS 

value "0", allocated to the PHICH group "4", the seq. index 

"2". Also, the PHICH resource for the other mobile terminal 

apparatus is, assuming the CS value "1", allocated to the 

PHICH group "5", the seq. index "3". In this way, in the LTE 

system, PHICH resources are allocated in accordance with the 

lowest resource block index Iiow for uplink transmission and CS 

values .

[0015] On the other hand, on the uplink of the LTE-A system, 

as shown in FIG. 4, single-user ΜΙΜΟ to map maximum two 
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transport blocks (TBs) to a plurality of layers and transmit 

signals by a plurality of antennas is employed. In single-user 

ΜΙΜΟ, an ACK or NACK is transmitted in association with two 

transport blocks, so that supporting two PHICHs is under 

study. Since the uplink transmission signals of respective 

layers are multiplexed in the same band, there is a problem 

that two PHICHs collide with each other if allocated based on 

the same Iiow· Note that a transport block refers to the basic 

unit of processes to be executed in the physical layer, 

including coding, modulation/demodulation, HARQ and so on.

[0016] To solve the above problem, a method of preventing 

PHICH resources from colliding by selecting a different CS 

value for every transport block may be possible. To be more 

specific, the PHICH group and seq. index are determined using 

equation 1:

[Formula 1]

PHICH group 
Seq. index

η?ΗΚ:Η ~ (JpRB_RA + nDMRS )m°d NpwcH + 1PHICH^^HICH

Hphich = ([/prbra !Nphich J+ nDMSS)mod 2

b/pmcH: Number of PHICH groups 
N™'™ : Spreading factor size
nDMRS · Cyclic shift

... (Equation 1)

rltnnsi tndn . 
lPRB_RA Lowest RB index in unlink RB allocation

il for TDD UL/DL configuration 0 with PUSCH transmission in subframe n = 4 or 9 
PHICH : I PHICH = | λ .! ·

[0 otherwise

[0017] As shown in FIG. 5, when Ilow "30" is indicated on the 

uplink, by setting the CS value (nDMRs) to "0," the PHICH 

resource for TB 1 is allocated to the PHICH group "4", the 

seq. index "2". On the other hand, the PHICH resource for TB 2 

is, by setting the CS value (nDMRs) to "1", allocated to the 

PHICH group "5", the seq. index "3". However, with the above 
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method, it is necessary to report the CS values from the base 

station apparatus to the mobile terminal apparatus on a per-TB 

basis, and therefore there is a problem that the control 

signal overhead increases.

[0018] The present inventors have arrived at the present

invention in order to solve this problem. That is to say,

focusing on the fact that, in uplink single-user ΜΙΜΟ

transmission mode in the LTE-A system, PHICH resources

corresponding to respective transport blocks collide, an

essence of the present invention is to determine the PHICH 

resources using offset values that are set in advance on a 

fixed basis in the system. By means of this configuration, it 

is possible to prevent collision of PHICH resources without 

increasing the control signal overhead.

[0019] Now, an embodiment of the present invention will be 

described below in detail with reference to the accompanying 

drawings. Referring to FIG. 6 to FIG. 9, a PHICH resource 

allocation method in single-user ΜΙΜΟ transmission mode will 

be described.

[0020] As described above, on the uplink in LTE-A, single-user 

MIMO to associate a plurality of transport blocks with a 

plurality of layers and transmit signals by a plurality of 

antennas, is employed. With the present embodiment, PHICH 

resources corresponding to each transport block (each layer) 

are determined using equation 2. Note that A(1) and B(1) in 

equation 2 represent the offset values to the lowest resource 

block index Iiow. C(1> is the offset value to the seq. index. 

D*1’ is the offset value to the PHICH group. 1 represents the 

index corresponding to each uplink transport block (layer).
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Also, the offset values A(1>, B(1>, C(1) and D(1) are values

defined in advance between the base station apparatus and the 

mobile terminal apparatus on a fixed basis.

[Formula 2]

PHICH group = + 4m)++ Irm:HN^„

Seq.Index ni, + ^“(ιηοά 2W™C“

'· Number of PHICH groups 

: Spreading factor size

"dmks Cyclic shift
... (Equation 2)

r lowest _b&x .

jprb_ra ■ Lowest RB index in uplink RB allocation

I PHICH ■ I PHICH

5

1 for TDD UL/DL configuration 0 with PUSCH transmission in subframe n - 4 or 9 

0 otherwise

[0021] When equation 2 is used, varying offset values A(1·',

B(1), C(1> and D(1> are set for every uplink transport block

(layer), so that collision of PHICH resources corresponding to 

respective transport blocks (layers) is prevented. Here, the

10 first PHICH resource allocation method in single-user ΜΙΜΟ

transmission mode will be described in detail. With the first

PHICH resource allocation method, collision of PHICH resources 

is prevented by using varying offset values C(1) and D(1> for 

every uplink transport block (layer).

15 [0022] With the first PHICH resource allocation method, 0 is

set in both offset values All) and B(1) in equation 2. 

Consequently, equation 2 can be modified into equation 3. 

[Formula 3]
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: Number of PHICH groups 

: Spreading factor size

’•emk · Cyclic shift

PHICH group « - + D«")mOdNS„ +

Seq. index n PHICH ~ ([/Wtf _ RA / ^P^IH _l+ nDMRS + C(>) mod INSF

... (Equation 3)

r lowest .

1prb_ra Lowest RB index in uplink RB allocation

I PHICH : / PHICH ~
fl

■
p

for TDD UL/DL configuration 0 with PUSCH transmission in subframe n = 4 or 9 

otherwise

5

10

15

20

[0023] Collision of PHICH resources corresponding to

respective transport blocks (layers) is prevented by setting 

varying offset values C(1) and D(1) in equation 3 for every 

transport block (layer) . In this case, the offset value C(1) 

moves the PHICH resources in the seq. index direction, and the

offset value D(1) moves the PHICH resources in the PHICH group

direction.

[0024] FIG. 6 shows a case where "0" is set in both offset

values C(1) and D(1) for TB 1, and where II £ It is set in the

offset value C<2> and "0" is set in D<2> for TB 2 . When Ilow "30"

is indicated on the uplink by the UL grant, the PHICH resource 

for TB 1 is allocated to the PHICH group "4," the seq. index 

"2." Meanwhile, the PHICH resource for TB 2 is allocated to 

the PHICH group "4," the seq. index "6." That is to say, by 

the offset value C(2), the PHICH resource for TB 2 is set four 

resources apart in the seq. index direction from the PHICH 

resource for TB 1. In this way, PHICH resources for TBs 1 and 

2 are prevented from colliding by using the offset values C(1) 

and D(1) for the seq. index and PHICH group.

[0025] Also, the offset values C(1) and D(1) are values defined 

in advance between the base station apparatus and the mobile 

terminal apparatus on a fixed basis. Consequently, it is not
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necessary to report the offset values C(1) and D(1) from the 

base station apparatus to the mobile terminal apparatus, and 

it is therefore not necessary to increase the control signal 

overhead. Note that, although the first PHICH resource 

allocation method is configured to set fixed values for the 

offset values C(1> and D(1> in equation 3 for every transport 

block (layer), it is equally possible to configure a method to 

set "0" in the offset values A(1) and B(1> in equation 2 for

every transport block (layer) and set fixed values in C(1> and

D(1>. For example, in FIG. 6, the offset values A(1) and B(1), 

C(1) and D(1) for TB 1 are set to "0," the offset values A(2> and

B(2) and D(2> for TB 2 are set to "0," and the offset value C<2>

is set to "4." Also, although the offset values C(1) and D*11 

are given as values that are defined in advance between the 

base station apparatus and the mobile terminal apparatus on a 

fixed basis, it is equally possible to provide a configuration 

to report the offset values C(1> and D(1) from the base station 

apparatus to the mobile terminal apparatus by RRC signaling.

[0026] Next, a second PHICH resource allocation method in 

single-user ΜΙΜΟ transmission mode will be described in 

detail. With the second PHICH resource allocation method, 

collision of PHICH resources is prevented by selecting varying 

resource block indices for every transport block (layer) from 

among the resource blocks allocated for uplink transmission.

[0027] With the second PHICH resource allocation method, "0" 

is set in both offset values C(1) and D(1> of equation 2. 

Consequently, when the uplink is space-multiplexed by two 

layers, equation 2 can be modified into equation 4 and 

equation 5. Note that Ii in equation 4 represents the resource
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block index selected for TB 1, and I2 represents the resource

block index selected for TB 2 . Ii is selected as an offset

value A(1) is applied to the lowest resource block index Iiow.

I2 is selected as an offset value B(1> is applied to the lowest

5 resource block index Iiow.

[Formula 4]

For TB 1
PHICH group = (A + + Ι^ΝΓ’
Seq. index ··■ (Bqu*tion 41

For TB 2

: Number of PHICH groups
: Spreading factor size

: Cyclic shift

PHICH group nPPUCH ~ (Λ + nDMRS )m°d NplucH + IPHICH^P^

Seq. Index "i«=(LA/WSiJ+"Illfls)mod2Y™'?'' ”· <E9uatlon5)

r lowest _tnda .

· Lowest RB index in uplink RB allocation
[1 for TDD UL/DL configuration 0 with PUSCH transmission in subframe n - 4 or 9

4PHICH
I PHICH ~ '

0 otherwise

If rlowest Index , a (1) 
~JPRB_RA

If rlowest Index , n(2) ~JPRBRA +ΰ

[0028] PHICH resources corresponding to respective transport 

blocks (layers) are prevented from colliding by selecting 

10 varying resource block indices Ii and I2 for every transport 

block (layer) in equation 4 and equation 5. In this case, the 

offset values A(1) and B*1’ move the PHICH resources in the 

direction in which the consecutive resource block indices are 

aligned.

15 [0029] FIG. 7 shows an example where "0" is set in both offset
values A(1) and B(1) for TB 1 and where "1" is set in both 

offset values A(2) and B<2) for TB 2. When the lowest resource 

block index Iiow "30" is indicated by the UL grant, the PHICH 
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resource for TB 1 is allocated to the PHICH group "4", the 

seq. index "2," in association with the resource block index Ii 

"30". On the other hand, the PHICH resource for TB 2 is 

allocated to the PHICH group "5", the seq. index "2", in 

association with the resource block index I2 "31". That is to 

say, the PHICH resource for TB 1 is allocated in association 

with the lowest resource block index, and the PHICH resource 

for TB 2 is allocated in association with the second lowest 

resource block index, which neighbors the lowest resource 

block index. In this way, by selecting varying resource block 

indices for every transport block (layer) from the resource 

block indices allocated for uplink transmission, PHICH 

resources for TBs 1 and 2 are prevented from colliding.

[0030] Also, the offset values A(1) and B(1) are values defined

in advance between the base station apparatus and the mobile 

terminal apparatus on a fixed basis. Consequently, it is not 

necessary to report the offset values A(1) and B(1> from the 

base station apparatus to the mobile terminal apparatus, and 

therefore it is possible to reduce the control signal

overhead. Note that, although the second PHICH resource

allocation method is configured to set fixed values for the

offset values A(1) and B(1> in equation 4 and equation 5 for

every transport block (layer), it is equally possible to 

configure a method to set fixed values in the offset values 

A(1) and B(1) in equation 2 and set "0" in C(1) and D111 . For 

example, in FIG. 7, the offset values A(1) , B(1>, C(1) and D(1> 

for TB 1 are set to "0", the offset values A(2) and B<2) for TB 

2 are set to "1", and the offset values C(2> and D(2> are set to 

0 .
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[0031] Also, although FIG. 7 shows a configuration in which 

PHICH resources for TBs 1 and 2 are allocated in association 

with neighboring resource block indices, this configuration is 

by no means limiting. PHICH resources for TBs 1 and 2 have 

only to be allocated in association with the resource block 

indices of resource blocks allocated for uplink transmission, 

and may be, for example, allocated in association with an 

intermediate index "35," the last index "39," and so on. Also, 

although the offset values A(1) and B(1> are given as values 

that are defined in advance between the base station apparatus 

and the mobile terminal apparatus on a fixed basis, it is 

equally possible to provide a configuration to report the 

offset values A(1> and B(1) from the base station apparatus to 

the mobile terminal apparatus by RRC signaling.

[0032] Next, a third PHICH resource allocation method in 

single-user ΜΙΜΟ transmission mode will be described in 

detail. The third PHICH resource allocation method prevents 

collision of PHICH resources by selecting resource block 

indices of varying clusters for every transport block (layer), 

from among clustered allocation resource blocks. Note that a 

case will be described here where, for ease of explanation, 

the uplink is space-multiplexed by two layers.

[0033] As shown in FIG. 8A, a multi-access scheme (clustered 

DFT-S-OFDMA) to cluster consecutive allocation resource blocks 

is employed on the uplink of the LTE-A system. On the uplink 

of the LTE-A system, by clustering consecutive allocation 

resource blocks by means of this multi-access scheme, 

allocation on a spot basis is made possible, and therefore the 

efficiency of use of the system band is improved The base
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station apparatus, for example, indicates each cluster's 

lowest resource block index Iiow to the mobile terminal 

apparatus in the UL grant. In FIG. 8A, "30" is indicated as

Iiow of the first cluster, and "60" is indicated as Ixow of a 

second cluster.

[0034] PHICH resources corresponding to respective transport 

blocks (layers) are prevented from colliding by selecting the 

resource block indices Ιχ and I2 of varying clusters for every 

transport block (layer) in above equation 4 and equation 5. In 

this case, the offset values A(11 and B(1) move the PHICH 

resources of each transport block (layer) to correspond to 

resource block indices of varying clusters.

[0035] FIG. 8B shows an example where "0" is set in both 

offset values A(1) and B(1) for TB 1 and "30" is set in both 

offset values A(2) and B(2) for TB 2. When the lowest resource 

block index Iiow "30" is indicated by the UL grant, the PHICH 

resource for TB 1 is allocated to the PHICH group "4", the 

seq. index "2", in association with the resource block index Ιχ 

"30". On the other hand, the PHICH resource for TB 2 is 

allocated to the PHICH group "8", the seq. index "4", in 

association with the resource block index I2 "60". That is to 

say, the PHICH resource for TB 1 is allocated in association 

with the lowest resource block index of the first cluster, and 

the PHICH resource for TB 2 is allocated in association with 

the lowest resource block index of the second cluster. In this 

way, the PHICH resources for TBs 1 and 2 are prevented from 

colliding by selecting resource block indices of varying 

clusters for every transport block (layer).

[0036] Also, the offset values A(1) and B(1> are values defied 
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in advance between the base station apparatus and the mobile 

terminal apparatus on a fixed basis. Consequently, it is not 

necessary to report the offset values A(1) and B(1) from the 

base station apparatus to the mobile terminal apparatus, and 

therefore it is possible to reduce the control signal 

overhead. Note that, although the third PHICH resource 

allocation method is configured to set fixed values for the 

offset values A(1) and B(1) in equation 4 and equation 5 for 

every transport block (layer), it is equally possible to 

configure a method to set fixed values in the offset values 

A(1) and B(1> in equation 2 and set "0" in C(1) and D(1) . For 

example, in FIG. 8, the offset values A(1), B(1>, C(1> and D(1) 

for TB 1 are set to "0," the offset values A<2) and B<2> for TB 

2 are set to "30," and the offset values C<2> and D<2) are set 

to "0."

[0037] Also, although FIG. 8 shows a configuration to allocate 

PHICH resources for TBs 1 and 2 in association with the lowest 

resource block index of each cluster, this configuration is by 

no means limiting. PHICH resources for TBs 1 and 2 have only 

to be allocated in association with resource block indices 

used in varying clusters, for every transport block (layer), 

and may be, for example, allocated in association with an 

intermediate index, the final index and so on. Also, although 

the offset values A(1) and B(1) are given as values that are 

defined in advance between the base station apparatus and the 

mobile terminal apparatus on a fixed basis, it is equally 

possible to provide a configuration to report the offset 
values A(1) and B(1) from the base station apparatus to the 

mobile terminal apparatus by RRC signaling.
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[0038] Note that as the offset values A(1) and B(1) are the same 

values in equation 2 to equation 5 described above, it is 

equally possible to make the offset value A(1)=B(1). Also, it is 

equally possible to use the above-described first to third 

PHICH resource allocation methods in adequate combinations by 

modifying equation 2.

[0039] Next, a fourth PHICH resource allocation method in 

single-user ΜΙΜΟ transmission mode will be described in 

detail. The fourth PHICH resource allocation method prevents 

collision of PHICH resources by selecting resource block 

indices of varying clusters for every transport block (layer), 

from among clustered allocation resource blocks. Note that, a 

case will be described here, for ease of explanation, where 

the uplink is space-multiplexed by two layers.

[0040] As described above, a multi-access scheme (clustered 

DFT-S-OFDMA) to cluster consecutive allocation resource blocks 

is employed on the uplink in LTE-A. According to the fourth 

PHICH resource allocation method, PHICH resources 

corresponding to respective transport blocks (layers) are 

determined using equation 6 and equation 7. Note that I3 in 

equation 6 represents the resource block index of the cluster 

selected for TB 1, and I4 in equation 7 represents the resource 

block index of the cluster selected for TB 2. C(1) represents 

the offset value to the seq. index. D(1) represents the offset 

value to the PHICH group.

[Formula 5]



19

5

For TB 1
PHICH group = (Z3 + nDMSS + )mod7\& + IPfilcliN^„
Seq.lndex »SOT = (Lz3/W‘K,J+"Mas + C<l>)mod2W™ce ··· (Equations)

ForTB2
PHICH group „Su = (/4 + „Dms + D®)modWjS ♦ I^Nf^

Seq.lndex = ([/,/W™ J+»MB + C®)mod2W™c« ·" Equation 7)

Number of PHICH groups 

Spreading factor size 

Cyclic shift

xiswp ■
PHICH ■

χτΡΗΙΟΉ .
JVSF ·

^DMPS :

rlowestjnda .

*prb_ra ■ Lowest RB index in uplink RB allocation
1 for TDD UL/DL configuration 0 with PUSCH transmission in subframe n = 4 or 9 
0 otherwise

IPHICH : PHICH ~ '

Z3: Z3 =
/4 =

RB index for the first cluster

RB index for the second cluster

[0041] PHICH resources corresponding to respective transport

blocks (layers) are prevented from colliding by selecting the

resource block indices I3 and I4 of varying clusters for every

transport block (layer) in above equation 6 and equation 7.

Resource block indices to be selected have only to be resource

block indices used in varying clusters, for every transport

block (layer), and may be, for example, an intermediate index,

the final index and so on.

10 [0042] FIG. 9 shows an example where the resource block index

I3 "30" is set for TB 1 and the resource block index I4 "60" is 

set for TB 2. Consequently, the PHICH resource for TB 1 is 

allocated to the PHICH group "4", the seq. index "2", in 

association with the resource block index I3 "30". On the

15 other hand, the PHICH resource for TB 2 is allocated to the

PHICH group "8", the seq. index "4", in association with the 

resource block index I4 "60". That is to say, the PHICH 

resource for TB 1 is allocated in association with the lowest 
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resource block index of the first cluster, and the PHICH 

resource for TB 2 is allocated in association with the lowest 

resource block index of the second cluster. In this way, the 

PHICH resources for TBs 1 and 2 are prevented from colliding 

by selecting resource block indices of varying clusters for 

every transport block (layer).

[0043] Next, a fifth PHICH resource allocation method in 

single-user ΜΙΜΟ transmission mode will be described in 

detail. The fifth PHICH resource allocation method prevents 

collision of PHICH resources by making the CS value (nDMRS) 

different every uplink transport block (layer). Note that, a 

case will be described here, for ease of explanation, where 

the uplink is space-multiplexed by two layers.

[0044] PHICH resources corresponding to respective transport 

blocks are prevented from colliding by varying the CS value 

for every transport block (layer) based on offset values C(1> 

and D(1> that vary every transport block (layer) in above 

equation 3. That is to say, with the fifth PHICH resource 

allocation method, the offset values C(1) and D(1) function as 

values to offset the CS value that is common between TBs 1 and 

2 .

[0045] FIG. 15A shows an example where "0" is set in the 

offset values C(1> and D(1) for TB 1, "1" is set in the offset

values C<2) and D(2) for TB 2, and "0" is set for the CS value 

that is common between TBs 1 and 2. When Iiow "30" is indicated 

on the uplink by the UL grant, assuming the CS value "0", the 

PHICH resource for TB 1 is allocated to the PHICH group "4", 

the seq. index "2". Meanwhile, the PHICH resource for TB 2 is, 

assuming the CS value "1", allocated to the PHICH group "5", 
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the seq. index "3". That is to say, by the offset values C(1) 

and D(1), the PHICH resource for TB 2 is set the CS value "1" 

apart from the PHICH resource for TB 1. In this way, the PHICH 

resources for TBs 1 and 2 are prevented from colliding using 

the offset values C(1> and D(1) to the CS value that is common 

between TBs 1 and 2.

[0046] In this way, the CS value for each TB is implicitly 

linked by offset values C(1> and D(1) . In this case, it is 

possible to make the offset values C<2) and D(2) for TB 2 

variable depending on the size of the offset values C(1> and 

D(1) for TB 1. For example, in FIG. 15A, when the CS value "0" 

(C(1) and D(1) = 0) for TB 1 is set, the CS value "1" (C(1> and

D!1) = 1) for TB 2 is set. Also, in FIG. 15B, when the CS value 

"1" (Cll) and D(1) = 1) for TB 1 is set, the CS value "4" (C<2)

and Dt2) = 4) for TB 2 is set. By means of this configuration, 

it is not necessary to report the CS value for TB 2 from the 

base station apparatus to the mobile terminal apparatus, and 

it is therefore not necessary to increase the control signal 

overhead.

[0047] Also, the offset values C(1) and D(1) are values defined 

in advance between the base station apparatus and the mobile 

terminal apparatus on a fixed basis. Consequently, it is not 

necessary to report the offset values C!1) and D(1) from the 

base station apparatus to the mobile terminal apparatus, and 

it is therefore not necessary to increase the control signal 

overhead. Note that, although the fifth PHICH resource 

allocation method is configured to set fixed values for the 
offset values C(1> and D(1) in equation 3 for every transport 

block (layer) , it is equally possible to configure a method to 
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and D(1) for TB 1 are set to " 0, " the offset values a(2) and b(2)

for TB 2 are set to "0," and the offset values C(2) and d<2) are

set to "4." Also, although the offset values c(1) and D(1) are

given as values that are defined in advance between the base 

station apparatus and the mobile terminal apparatus on a fixed 

basis, it is equally possible to provide a configuration to 

report the offset values C(1> and D(1) from the base station 

apparatus to the mobile terminal apparatus by RRC signaling.

[0048] Referring to FIG. 10, a radio communication system 1 

having a mobile terminal apparatus (UE) 10 and a base station 

apparatus (Node B) 20 according to an embodiment of the 

present invention will be described. Here, a case will be

described where a base station 

apparatus to support the LTE-A 

diagram for explaining a 

communication system 1 having

and a base station apparatus

embodiment. Note that the

illustrated in FIG. 10 is ;

example, the LTE system or

apparatus and a mobile station 

system are used. FIG. 10 is a 

configuration of the radio 

mobile terminal apparatuses 10

20 according to the present 

radio communication system 1 

a. system to accommodate, for 

SUPER 3G. Also, this radio

communication system 1 may be referred to as IMT-Advanced or

may be referred to as 4G.

[0049] As illustrated in FIG. 10, the radio communication 

system 1 is configured to include the base station apparatus 

20 and a plurality of mobile terminal apparatuses 10 (10i, 102, 

103, . . . 10n, where n is an integer to satisfy n>0) that 
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communicate with this base station apparatus 20. The base 

station apparatus 20 is connected with a higher station 

apparatus 30, and this higher station apparatus 30 is 

connected with a core network 40. The mobile terminal 

apparatuses 10 communicate with the base station apparatus 20 

in a cell 50. The higher station apparatus 30 includes, for 

example, an access gateway apparatus, a radio network 

controller (RNC), a mobility management entity (MME) and so 

on, but is by no means limited to these.

[0050] The mobile terminal apparatuses (10χ, 102, 103, ... 10n) 

have the same configuration, functions and state, so that the 

following descriptions will be given with respect to "mobile 

terminal apparatus 10," unless specified otherwise. Also, 

although the mobile terminal apparatus 10 performs radio 

communication with the base station apparatus 20 for ease of 

explanation, more generally, user apparatuses (UE: User 

Equipment) including mobile terminal apparatuses and fixed 

terminal apparatuses may be used.

[0051] In the radio communication system 1, as radio access 

schemes, OFDMA (Orthogonal Frequency Division Multiple Access) 

is applied to the downlink, and SC-FDMA (Single-Carrier 

Frequency-Division Multiple Access) is applied to the uplink. 

OFDMA is a multi-carrier transmission scheme to perform 

communication by dividing a frequency band into a plurality of 

narrow frequency bands (subcarriers) and mapping data to each 

subcarrier. SC-FDMA is a single carrier transmission scheme to 

reduce interference between terminals by dividing, per 

terminal, the system band into bands formed with one or 

continuous resource blocks, and allowing a plurality of 
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terminals to use mutually different bands.

[0052] Here, the communication channels in the LTE system will 

be described. The downlink communication channels include the 

PDSCH (Physical downlink Shared Channel), which is a downlink 

data channel used by each mobile terminal apparatus 10 on a 

shared basis, and downlink L1/L2 control channels (including 

the PDCCH, PCFICH and PHICH). This PDSCH transmits user data 

and higher control signals. Scheduling information for the 

PDSCH and PUSCH and so on is transmitted by the PDCCH. The 

number of OFDM symbols to use for the PDCCH is transmitted by 

the PCFICH (Physical Control Format Indicator Channel). HARQ 

ACK/NACK for the PUSCH is transmitted by the PHICH. The higher 

control information includes RRC signaling, which reports the 

offset values to the mobile terminal apparatus 10.

[0053] The uplink communication channels include a PUSCH, 

which is an uplink data channel used by each mobile terminal 

apparatus 10 on a shared basis, and a PUCCH (Physical Uplink 

Control Channel), which is an uplink control channel. User 

data and higher control information are transmitted by means 

of this PUSCH. Furthermore, the PUCCH transmits downlink radio 

quality information (CQI: Channel Quality Indicator), 

ACK/NACK, and so on.

[0054] Referring to FIG. 11, an overall configuration of the 

base station apparatus 20 according to the present embodiment 

will be described. The base station apparatus 20 has a 

transmitting/receiving antenna 201, an amplifying section 202, 

a transmission/reception section 203, a baseband signal 

processing section 204, a call processing section 205 and a 

transmission path interface 206. User data that is transmitted 
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on the downlink from the base station apparatus 2 0 to the 

mobile terminal apparatus 10 is input in the baseband signal 

processing section 204, through the transmission path 

interface 206, from the higher station apparatus 30.

[0055] In the baseband signal processing section 204, a 

downlink data channel signal is subjected to PDCP layer 

processing, RLC (Radio Link Control) layer transmission 

processing such as division and coupling of user data and RLC 

retransmission control transmission processing, MAC (Medium 

Access Control) retransmission control, including, for 

example, HARQ (Hybrid Automatic Repeat reQuest) transmission 

processing, scheduling, transport format selection, channel 

coding, inverse fast Fourier transform (IFFT) processing, and 

precoding processing. Furthermore, as with signals of the 

physical downlink control channel, which is a downlink control 

channel, transmission processing is performed, including 

channel coding and inverse fast Fourier transform.

[0056] Also, the baseband signal processing section 204 

notifies control information for allowing the mobile terminal 

apparatus 10 to communicate with the base station apparatus 

20, to the mobile terminal apparatuses 10 connected to the 

same cell 50, by a broadcast channel. Broadcast information 

for communication in the cell 50 includes, for example, the 

uplink or downlink system bandwidth, identification 

information of a root sequence (root sequence index) for 

generating random access preamble signals in the PRACH 

(Physical Random Access channel), and so on.

[0057] In the transmission/reception section 203, the baseband 

signal output from the baseband signal processing section 204
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is subjected to frequency conversion processing into a radio 

frequency band. The amplifying section 202 amplifies the 

transmission signal having been subjected to frequency 

conversion, and outputs the result to the 

transmitting/receiving antenna 201.

[0058] Meanwhile, as for signals to be transmitted on the 

uplink from the mobile terminal apparatus 10 to the base 

station apparatus 20, a radio frequency signal that is 

received in the transmitting/receiving antenna 201 is 

amplified in the amplifying section 202, subjected to 

frequency conversion and converted into a baseband signal in 

the transmission/reception section 203, and is input to the 

baseband signal processing section 204.

[0059] The baseband signal processing section 204 performs FFT 

processing, IDFT processing, error correction decoding, MAC 

retransmission control reception processing, and RLC layer and 

PDCP layer reception processing of the user data included in 

the baseband signal that is received on the uplink. The 

decoded signal is transferred to the higher station apparatus 

30 through the transmission path interface 206.

[0060] The call processing section 205 performs call 

processing such as setting up and releasing a communication 

channel, manages the state of the base station apparatus 20 

and manages the radio resources.

[0061] Next, referring to FIG. 12, an overall configuration of 

the mobile terminal apparatus 10 according to the present 

embodiment will be described. An LTE terminal and an LTE-A 

terminal have the same hardware configurations in the 

principle parts, and therefore will be described
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indiscriminately. The mobile terminal apparatus 10 has a 

transmitting/receiving antenna 101, an amplifying section 102, 

a transmission/reception section 103, a baseband signal 

processing section 104 and an application section 105.

[0062] As for downlink data, a radio frequency signal received 

in the transmitting/receiving antenna 101 is amplified in the 

amplifying section 102, and subjected to frequency conversion 

and converted into a baseband signal in the 

transmission/reception section 103. This baseband signal is 

subjected to reception processing such as FFT processing, 

error correction decoding and retransmission control and so 

on, in the baseband signal processing section 104. In this 

downlink data, downlink user data is transferred to the 

application section 105. The application section 105 performs 

processing related to higher layers above the physical layer 

and the MAC layer. Also, in the downlink data, broadcast 

information is also transferred to the application section 

105 .

[0063] On the other hand, uplink user data is input from the 

application section 105 to the baseband signal processing 

section 104 by maximum two transport blocks. In the baseband 

signal processing section 104, mapping processing to each 

layer of the transport blocks, retransmission control (HARQ 

(Hybrid ARQ)) transmission processing, channel coding, DFT 

processing, IFFT processing and so on are performed. The 

baseband signal output from the baseband signal processing 

section 104 is subjected to frequency conversion processing in 

the transmission/reception section 103 and converted into a 

radio frequency band, and, after that, amplified in the
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amplifying section 102 and transmitted from the 

transmitting/receiving antenna 101.

[0064] FIG. 13 is a functional block diagram of the baseband 

signal processing section 204 and part of the higher layers 

provided in the base station apparatus 20 according to the 

present embodiment, and primarily illustrates the function 

blocks of the transmission processing section in the baseband 

signal processing section 204. FIG. 13 illustrates an example 

of a base station configuration which can support maximum M 

(CC #1 to CC #M) component carriers. Transmission data for the 

mobile terminal apparatus 10 under control of the base station 

apparatus 20 is transferred from the higher station apparatus 

30 to the base station apparatus 20.

[0065] A control information generation section 300 generates 

higher control information for performing higher layer 

signaling (for example, RRC signaling), on a per-user basis. 

In the higher control information, the above-described offset 
values A(1), B(1), C(1) and D(1> and the resource block indices Ix, 

I2, I3 and I4 and so on can be included. However, when the 

offset values and resource block indices are defined in 

advance between the base station apparatus 20 and the mobile 

terminal apparatus 10 on a fixed basis, it is not necessary to 

include the offset values and resource block indices in the 

higher control information.

[0066] A data generation section 301 outputs the transmission 

data transferred from the higher station apparatus 30 

separately as user data. A component carrier selection section 

302 selects component carriers to use in radio communication 

with the mobile terminal apparatus 10 on a per-user basis.
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[0067] A scheduling section 310 controls assignment of 

component carriers to a serving mobile terminal apparatus 10 

according to overall communication quality of the system band. 

Also, the scheduling section 310 controls resource allocation 

in component carriers CC #1 to CC #M. The LTE terminal user 

and the LTE-A terminal user are scheduled separately. The 

scheduling section 310 receives as input the transmission data 

and retransmission command from the higher station apparatus 

30, and also receives as input the channel estimation values 

and resource block CQIs from the reception section having 

measured an uplink received signal. The scheduling section 310 

schedules uplink and downlink control information and uplink 

and downlink shared channel signals, with reference to the 

retransmission command, channel estimation values and CQIs 

that are received as input from the higher station apparatus 

30. A propagation path in mobile communication varies 

differently per frequency, due to frequency selective fading. 

So, upon transmission of user data to the mobile terminal 

apparatus 10, resource blocks of good communication quality 

are assigned to each mobile terminal apparatus 10, on a per­

subframe basis (which is referred to as "adaptive frequency 

scheduling"). In adaptive frequency scheduling, for each 

resource block, a mobile terminal apparatus 10 of good 

propagation path quality is selected and assigned. 

Consequently, the scheduling section 310 assigns resource 

blocks, using the CQI of each resource block, fed back from 

each mobile terminal apparatus 10. Also, the MCS (coding rate 

and modulation scheme) to fulfill a required block error rate 

with the assigned resource blocks is determined. Parameters to 
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fulfill the MCS (coding rate and modulation scheme) determined 

by the scheduling section 310 are set in channel coding 

sections 303, 308 and 312, and in modulation sections 304, 309 

and 313.

[0068] Also, the scheduling section 310 allocates PHICH 

resources to transmit HARQ ACK/NACK, based on the offset 

values and resource block indices that are set on a per­

transport block (layer) basis. For example, the scheduling 

section 310 performs PHICH resource allocation, per transport 

block (layer), using the offset values that are defined 

between the base station apparatus 20 and the mobile terminal 

apparatus 10 on a fixed basis, by the above-described first 

PHICH resource allocation method. Then, different values are 

set in the offset values C(1) and D(1> for every transport block 

(layer). Consequently, even when single-user ΜΙΜΟ is employed 

on the uplink to support two PHICHs, collision of PHICH 

resources corresponding to respective transport blocks 

(layers) is prevented. The scheduling section 310 may also 

perform PHICH resource allocation on a per-transport block 

(layer) basis using the above-described second to fifth PHICH 

resource allocation methods.

[0069] The baseband signal processing section 204 has channel 

coding sections 303, modulation sections 304, and mapping 

sections 305, to match the maximum number of users to be 

multiplexed, N, in one component carrier. The channel coding 

section 303 performs channel coding of the shared data channel 

(PDSCH) , which is formed with user data (including part of 

higher control signals) that is output from the data 

generation section 301, on a per-user basis. The modulation
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section 304 modulates user data having been subjected to 

channel coding, on a per-user basis. The mapping section 305 

maps the modulated user data to radio resources.

[0070] Also, the baseband signal processing section 204 has a

downlink control information generation section 306 that 

generates downlink shared data channel control information, 

which is user-specific downlink control information, and a 

downlink shared channel control information generation section 

307 that generates downlink shared control channel control 

information, which is user-common downlink control 

information.

[0071] The downlink control information generation section 306 

generates PDCCH downlink control signals (DCI) from the 

resource allocation information, PUCCH transmission power 

control command, which are determined on a per-user basis.

Also, the downlink control information generation section 306

generates HARQ ACK/NACK for a transport block received on the

uplink.

[0072] The baseband signal processing section 204 has channel

coding sections 308 and modulation sections 309 to match the

maximum number of users to be multiplexed, N, in one component

carrier. The channel coding section 308 performs, on a per­

user basis, channel coding of control information, which is

generated in the downlink control information generation

section 306 and the downlink shared channel control

information generation section 307.

modulates the downlink control 

The modulation section 309

information having been

subjected to channel coding.

[0073] Also, the baseband signal processing section 204 has an 
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uplink control information generation section 311, a channel 

coding section 312, and a modulation section 313. The uplink 

control information generation section 311 generates, on a 

per-user basis, uplink shared data channel control information 

(UL grant and so on), which is control information for 

controlling the uplink shared data channel (PUSCH). Note that 

the uplink shared data channel control information may include 

information related to the cluster arrangement for executing 

cluster division. The channel coding section 312 performs, on 

a per-user basis, channel coding of uplink shared data channel 

control information, and the modulation section 313 modulates 

the uplink shared data channel control information having been 

subjected to channel coding, on a per-user basis.

[0074] The control information that is modulated on a per-user 

basis in the above modulation sections 309 and 313 is 

multiplexed in a control channel multiplexing section 314 and 

furthermore interleaved in an interleaving section 315. A 

control signal that is output from the interleaving section 

315 and user data that is output from the mapping section 3 05 

are input in an IFFT section 316 as downlink channel signals. 

The IFFT section 316 converts the downlink channel signal from 

a frequency domain signal into a time sequence signal by 

performing an inverse fast Fourier transform of the downlink 

channel signal. A cyclic prefix insertion section 317 inserts 

cyclic prefixes in the time sequence signal of the downlink 

channel signal. Note that a cyclic prefix functions as a guard 

interval for cancelling the differences in multipath

propagation delay. The transmission data to which cyclic 

prefixes are added, is transmitted to the
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transmission/reception section 203.

[0075] FIG. 14 is a functional block diagram of the baseband 

signal processing section 104 provided in the mobile terminal 

apparatus 10, illustrating function blocks of an LTE-A 

terminal which supports LTE-A. First, the downlink 

configuration of the mobile terminal apparatus 10 will be 

described.

[0076] A CP removing section 401 removes the CPs from a 

downlink signal received from the radio base station apparatus 

20 as received data. The downlink signal, from which the CPs 

have been removed, is input in an FFT section 402. The FFT 

section 402 performs a fast Fourier transform (FFT) on the 

downlink signal, converts the time-domain signal into a 

frequency domain signal, and inputs the frequency domain 

signal in a demapping section 403. The demapping section 403 

demaps the downlink signal, and extracts, from the downlink 

signal, multiplexed control information in which a plurality 

of pieces of control information are multiplexed, user data, 

and higher control signals. Note that the demapping process by 

the demapping section 403 is performed based on higher control 

information that is received as input from the application 

section 105. The multiplexed control information that is 

output from the demapping section 403 is deinterleaved in a 

deinterleaving section 404.

[0077] Also, the baseband signal processing section 104 has a 

control information demodulation section 405 that demodulates 

control information, a data demodulation section 406 that 

demodulates downlink shared data, and a channel estimation 

section 407. The control information demodulation section 405 
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includes a shared control channel control information 

demodulation section 405a that demodulates downlink shared 

control channel control information from the multiplexed 

control information, an uplink shared data channel control 

information demodulation section 405b that demodulates uplink 

shared data channel control information from the multiplexed 

control information, and a downlink shared data channel 

control information demodulation section 405c that demodulates 

downlink shared data channel control information from the 

multiplexed control information. The data demodulation section 

406 includes a downlink shared data demodulation section 406a 

that demodulates the user data and higher control signals, and 

a downlink shared channel data demodulation section 406b that 

demodulates downlink shared channel data.

[0078] The shared control channel control information 

demodulation section 405a extracts shared control channel 

control information, which is user-common control information, 

by the blind decoding process, demodulation process, channel 

decoding process and so on of the common search space of the 

multiplexed control information (PDCCH). The shared control 

channel control information includes downlink channel quality 

information (CQI), and therefore is input in a mapping section 

416(described later), and mapped as part of transmission data 

for the base station apparatus 20.

[0079] The uplink shared data channel control information 

demodulation section 405b extracts uplink shared data channel 

control information, which is user-specific uplink control 

information, by the blind decoding process, demodulation 

process, channel decoding process and so on, of the user­
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specific search spaces of the multiplexed control information 

(PDCCH). For the uplink shared data channel control 

information, for example, information related to the lowest 

resource block index Iiow for uplink transmission and cluster 

arrangement is extracted. The uplink shared data channel 

control information is used to control the uplink shared data 

channel (PUSCH), and is input in the downlink shared data 

channel control information demodulation section 405c and the 

downlink shared channel data demodulation section 406b.

[0080] The downlink shared data channel control information 

demodulation section 405c extracts downlink shared data 

channel control information, which is user-specific downlink 

control signals, by the blind decoding process, demodulation 

process, channel decoding process and so on of the user­

specific search spaces of the multiplexed control information 

(PDCCH). The downlink shared data channel control information 

is used to control the downlink shared data channel (PDSCH), 

and is input in the downlink shared data demodulation section 

406a. Also, the downlink shared data channel control 

information demodulation section 405c performs the blind 

decoding process of the user-specific search space, based on 

information which relates to the PDCCH and PDSCH and which is 

included in higher control signals demodulated in the downlink 

shared data demodulation section 406a.

[0081] Also, for the downlink shared data channel control 

information, HARQ ACK/NACK is extracted. In this case, the 

downlink shared data channel control information demodulation 

section 405c specifies the PHICH resources based on the offset 

values that are defined between the base station apparatus 20 
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and the mobile terminal apparatus 10 on a fixed basis, and 

extracts HARQ ACK/NACK. Also, the downlink shared data channel 

control information demodulation section 405c may as well 

specify the PHICH resources based on the offset values and 

resource block indices reported from the base station 

apparatus 20 by RRC signaling, and extract HARQ ACK/NACK. Note 

that, when PHICH resources are specified by the offset values 

and resource block indices, these are specified using equation 

2 to equation 7 as appropriate.

[0082] The downlink shared data demodulation section 406a 

acquires the user data, higher control information and so on, 

based on the downlink shared data channel control information 

received as input from the downlink shared data channel 

control information demodulation section 405c. The higher 

control information is output to the channel estimation 

section 407. The downlink shared channel data demodulation 

section 406b demodulates downlink shared channel data based on 

the uplink shared data channel control information that is 

input from the uplink shared data channel control information 

demodulation section 405b.

[0083] The channel estimation section 407 performs channel 

estimation using UE-specific demodulation reference signals or 

common reference signals. The estimated channel variation is 

output to the shared control channel control information 

demodulation section 405a, the uplink shared data channel 

control information demodulation section 405b, the downlink 

shared data channel control information demodulation section 

405c and the downlink shared data demodulation section 406a. 

These demodulation sections demodulate downlink signals using 
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the estimated channel variation and demodulation reference 

signals.

[0084] The baseband signal processing section 104 has, for 

every transport block (TBs #1 and #2) , a data generation 

section 411, a channel coding section 412, a modulation 

section 413, which are provided as transmission processing 

sequence function blocks. The data generation section 411 

generates transmission data from bit data that is received as 

input from the application section 105. The channel coding 

section 412 applies channel coding processing such as error 

correction and so on to the transmission data, and the 

modulation section 413 modulates the transmission data having 

been subjected to channel coding by QPSK and so on.

[0085] A TB-to-layer mapping section 414 is provided after the 

modulation section 413 of each transport block. The TB-to- 

layer mapping section 414 maps a codeword (data symbol) 

received as input from the modulation section 413 of each 

transport block to each layer. The number of layers can be an 

arbitrary value from 1 to the maximum number of antenna ports. 

With the transmission processing sequence of the mobile 

terminal apparatus 10 of the present embodiment, two layers 

(layers #1 and #2) support two antenna ports (Tx branches #1 

and #2).

[0086] After the TB-to-layer mapping section 414, a DFT 

section 415 and a mapping section 416 are provided per 

transport block (layer). The DFT section 415 performs a 

discrete Fourier transform on the data symbol after the layer 

mapping. The mapping section 416 maps the frequency components 

of the data symbol after the DFT to the subcarrier positions 
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designated by the base station apparatus 20.

[0087] A precoder section 417 is provided after the mapping 

section 416. The precoder section 417 performs mapping for 

each antenna port by multiplying a precoder matrix upon the 

data symbol mapped to each transport block (layer) . An IFFT 

section 418 and a CP insertion section 419 are provided after 

the precoder section 417 for every antenna port. The IFFT 

section 416 converts input data matching the system band into 

time sequence data by performing an inverse fast Fourier 

transform, and the CP insertion section 417 inserts cyclic 

prefixes in the time sequence data per data division.

[0088] As described above, with the base station apparatus 20 

according to the present embodiment, HARQ ACK/NACK for uplink 

transport blocks associated with a plurality of space - 

multiplexed layers is allocated to PHICH resources, by using 

the offset values that are set with the mobile terminal 

apparatus 10 on a fixed basis. By means of this configuration, 

even when uplink single-user ΜΙΜΟ is supported, collision of 

PHICH resources for respective TBs is prevented. Also, it is 

not necessary to report offset values from the base station 

apparatus 20 to the mobile terminal apparatus 10, and it is 

therefore not necessary to increase the control signal 

overhead.

[0089] Note that although the above embodiment is configured 

to allocate PHICH resources in a scheduling section in the 

base station apparatus, this configuration is by no means 

limiting. Insofar as PHICH resources are allocated in 

accordance with information related to offset values, cluster 

arrangement and so on, allocation may be performed in any part 
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in the base station apparatus.

[0090] Also, although the above embodiment is configured to 

specify PHICH resources in a downlink shared data channel 

control information demodulation section in the mobile 

terminal apparatus, this configuration is by no means 

limiting. As long as the mobile terminal apparatus is able to 

specify PHICH resources based on offset values and so on, 

PHICH resources may be specified outside the downlink shared 

data channel control information demodulation section as well.

[0091] Also, although the above embodiment is configured to 

allocate PHICH resources using equation 2 to equation 7, this 

configuration is by no means limiting. As long as PHICH 

resources do not collide between transport blocks (layers), it 

is equally possible to provide a configuration to allocate 

PHICH resources using modifications of equation 2 to equation 

7 .

[0092] The present invention is by no means limited to the 

above embodiment and can be implemented in various 

modifications. For example, without departing from the spirit 

of the present invention, it is possible to change the 

assignment of component carriers, the number of processing 

parts, the steps of processing, the number of component 

carriers and the cardinal number of component carriers in the 

above description as appropriate. Other changes are also 

possible as appropriate without departing from the spirit of 

the present invention.

[0093] The disclosure of Japanese Patent Application No. 2010­

105939, filed on April 30, 2010, including the specification, 

drawings, and abstract, is incorporated herein by reference in 
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1. A base station apparatus comprising:

a receiving section configured to receive 

spatially-multiplexed signals corresponding to a plurality of 

layers via an uplink from a mobile terminal apparatus;

a response signal generation section configured to generate 

response signals for retransmission in response to signals 

received in the respective layers on the uplink; and

an allocation section configured to allocate the response 

signals for the layers to resources by using offset values that 

are fixedly defined in advance between the base station apparatus 

and the mobile terminal apparatus for the respective layers of 

the uplink.

2. The base station apparatus as defined in claim 1, wherein 

the offset values of the response signals of the respective layers 

are a lowest index and a second lowest index of a resource block 

for uplink transmission.

3. The base station apparatus as defined in claim 1, wherein:

the receiving section receives the signals in which the 

layers are spatially-multiplexed, in clustered resource blocks 

that are used in common between the layers for uplink 

transmission;

the offset values are values that are defined such that

9273649
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4 a resource block index of a different cluster is selected for 

each of the layers, from resource block indices respectively 

indicating the clustered resource blocks; and

the allocation section allocates the response signals for 

the layers to resources corresponding to the resource block 

indices selected based on the offset values.

4. The base station apparatus as defined in claim 3, wherein 

the offset values are values that are defined such that a lowest 

index of a different cluster is selected for each of the layers, 

from the resource block indices respectively indicating the 

clustered resource blocks.

5. The base station apparatus as defined in claim 1, wherein:

the offset values are values that are defined such that 

a cyclic shift value of an uplink demodulation reference signal, 

which is set in common between the layers, is made different for 

each of the layers; and

the allocation section allocates the response signals for 

the layers to the resources in accordance with the cyclic shift 

value .

6. A mobile terminal apparatus comprising:

a transmission section configured to transmit 

spatially-multiplexed signals corresponding to a plurality of 

layers via an uplink to a base station apparatus;

a resource specifying section configured to specify

9273649
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4 resources of response signals for retransmission from the base 

station apparatus in response to signals transmitted by the layers, 

by using offset values that are fixedly defined in advance between 

the mobile terminal apparatus and the base station apparatus for 

the respective layer of the uplink; and

a response signal acquiring section configured to acquire 

the response signals of the resources specified in the resource 

specifying section.

7 . The mobile terminal apparatus as defined in claim 6, wherein 

the offset values of the response signals of the respective layers 

are a lowest index and a second lowest index of a resource block 

for uplink transmission.

8. The mobile terminal apparatus as defined in claim 6, 

wherein:

the transmission section transmits the signals in which 

the layers are spatially-multiplexed, in a plurality of clustered 

resource blocks that are used in common between the layers for 

uplink transmission;

the offset values are values that are defined such that 

a resource block index of a different cluster is selected for 

each of the layers, from resource block indices respectively 

indicating the clustered resource blocks; and

the resource specifying section specifies the resources 

corresponding to the respective resource block indices selected

9273649
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9 . The mobile terminal apparatus as defined in claim 8, wherein 

the offset values are values that are defined such that a lowest 

index of a different cluster is selected for each of the layers, 

from the resource block indices respectively indicating the 

clustered resource blocks.

10. The mobile terminal apparatus as defined in claim 6, 

wherein:

the offset values are values that are defined such that 

a cyclic shift value of an uplink demodulation reference signal, 

which is set in common between the layers, varies between the 

layers; and

the resource specifying section specifies the resources 

based on the cyclic shift value.

11. A communication control method for a base station apparatus 

comprising the steps of:

receiving spatially-multiplexed signals corresponding to 

a plurality of layers via an uplink from a mobile terminal 

apparatus;

generating response signals for retransmission in response 

to signals received in the layers on the uplink; and

allocating the response signals for the respective layers 

to resources by using offset values that are fixedly defined in

9273649
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layers of the uplink.

12. The communication control method as defined in claim 11, 

wherein the offset values of the response signals of the 

respective layers are a lowest index and a second lowest index 

of a resource block for uplink transmission.

13. A radio communication system comprising a base station 

apparatus and a mobile terminal apparatus communicating with the 

base station apparatus,

the base station apparatus having:

a receiving section configured to receive 

spatially-multiplexed signals corresponding to a plurality of 

layers via an uplink from the mobile terminal apparatus;

a response signal generation section configured to 

generate response signals for retransmission in response to 

signals received in the respective layers on the uplink; and

an allocation section configured to allocate the 

response signals for the layers to resources by using offset 

values that are fixedly defined in advance between the base 

station apparatus and the mobile terminal apparatus for the 

respective layers of the uplink.

14. The radio communication system as defined in claim 13, 

wherein the offset values of the response signals of the

9273649
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4 respective layers are a lowest index and a second lowest index 

of a resource block for uplink transmission.

NTT DOCOMO, INC.
Patent Attorneys for the Applicant/Nominated Person 

SPRUSON & FERGUSON
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