US 20130195035A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2013/0195035 A1

Taoka et al.

43) Pub. Date: Aug. 1, 2013

(54) MOBILE TERMINAL DEVICE AND RADIO Publication Classification
BASE STATION APPARATUS
(51) Imt.CL
(75) Inventors: Hidekazu Taoka, Tokyo (JP); Yuichi Ho4w 72/04 (2006.01)
Kakishima, Tokyo (JP); Katsutoshi (52) US.CL
Kusume, Tokyo (JP); Guido Dietl, CPC .o, HO04W 72/0466 (2013.01)
Tokyo (IP) USPC ottt 370/329
(73) Assignee: NTT DOCOMO, INC., Tokyo (JP) 7 ABSTRACT
Disclosed is a mobile terminal device and a radio base station
(21) Appl. No.: 13/643,566 apparatus capable of effectively feeding back PMIs by select-
ing a precoder using double codebooks W1 and W2 in down-
(22) PCT Filed: Apr. 28,2011 link MIMO transmission. The mobile terminal device
includes a feedback control signal generating section that
(86) PCT No.: PCT/JP2011/060375 individually performs channel coding for the first PMI
§371 (©)(1), selected from the first codebook for wideband/long-period
(2), (4) Date: ~ Jan. 4, 2013 and the second PMI selected from the second codebook for
subband/short-period and a transmit section that transmits the
(30) Foreign Application Priority Data individually channel-coded first and second PMIs to the radio
base station apparatus on a physical uplink shared channel
Apr. 30,2010 (JP) .eoeereriireccceneereenee 2010-104838 (PUSCH).
10
ANTENNA 1
10141 19#1 feH 17 116H1 115 114
J 7 i J i i
DUPLEXER || TRANSMIT [¢] ADDING |« (LI VR AL P e ke— user_#k REFERENGE SIGNAL
ANTNEZ‘NA CIRCUIT UNIT s 1o
% 101N 9N * 11ssN 78N 11gen | MUX MULHPLYING ONIT v T
Vel bl red Ped Ped DATA GHANNEL User #&
DUPLEXER || TRANSMIT 1« AB%?¥G e FEE e O e . 7 MOPGNIT N [+ coDING UNIT ¢~ TANSMIT

CIRCUIT

T < N
102#N 1034N 1044N

L FEEDBACK CONTROL SIGNAL /\1/”
GENERATING UNIT
109 T T 110
Z Z
CHANNEL QUALITY (cQD
PMI SELECTION UNIT MEASUREMENT UNIT
A A
TRANSMIT TIMING ESTIMATION 106
UNIT "]  CHANNEL ESTIMATION UNIT |~/
—>
1021 b4 | lmsm 10441
. “ wibb
cp
|RF RECEIVE FFT 108
> CIRCUIT SFEMOVALL UNIT > L
DATA GHANNEL SIGNAL CHANNEL REPRODUCED
*GP DEMODULATION UNIT I PIDECODING UNIT| > user_#k SIGNAL
RF RECEIVE reMovaLl | FFT
CIRCUIT | CUNTY T UNIT




Aug. 1,2013 Sheet1of 11 US 2013/0195035 A1l

Patent Application Publication

| OI4
LINN
%0093009 _Hv NO119313S
1Wd
\ 4
el 27— 1
LIND LINN BNILYYINTD
NOT19373S > [HO[3M BNIQ0DFUd
1y
v 1 12
A\ 4
mé w#ﬁ_ -
TYNDIS
V1yQ < B s A LV LIND ONLAWILTN | | @ |
EN L REN . DN10093Yd o
TYNOIS . NRTV
/N VAN £z
Ll N e x4
L X L XL
3an g espoN®

TYNDIS
LTNSNvHl



Aug. 1,2013 Sheet2 of 11 US 2013/0195035 A1l

Patent Application Publication

DOUBLE-USER
MULTIPLEXING

DOUBLE-STREAM

SU-MIMO

UE#2

SU-MIM

FIG. 2A

QUADRUPLE-USER

SINGLE STREAM

MULTIPLEXING

PER UE

FIG. 2B




US 2013/0195035 A1l

7
E\&m

IS

INd GMm + 100 am

SIuvy4ans o1

A

NN ANNRN ]
[ 1 dE ¢dg} L 1d8)
] NN NN

N ANNAN ANNAN NN
28]  1dg ] 2d8 1 dg ]
. NANN oy oy

\\\‘§

%

<+
SINVYLANS ¢

NIl

Aug. 1,2013 Sheet 3 of 11

JWvH4ans |

SANVYHANS ¢ g¢ Old

o 2 o
« Ll Y

L JWVa4ans SINVHHANS G

S3nvy44ns ol

A
A\ 4

Ve OI4

Patent Application Publication



Patent Application Publication Aug. 1,2013 Sheet4 of 11 US 2013/0195035 A1

TIME
) SUBFRAME -
) SLOT g SLOT- -
Ry A N NN NN NN
RN A e S AREAT ALY A
Ry N \\%\\m&\\%\&{“\\\ﬁ AAN.S

N
ARl Ay N
A AT NN \&\\&k\‘ RN

//
.
o
/
7
7
5
7
7
/

Dembdulétion RS
Demodulation RS

FREQUENCY

SRR
HE i iR 777/,
|_____| data N CAQI/PMI P77 RI - ] A/N

FIG. 4



US 2013/0195035 A1l

5
(]
= g6 ol VS ‘DI
%\N\\* ((ZY>Y 1Y 31vY HNIA0D T3INNVHO)
&%b (INd 1S¥1) (IHd 1S¥19)
Z NOTIVINMOANI Movadddd Im NOILYRHO4AN] Yovaa3dd I
EE
AN .V,y/ﬂ,//ﬁ///,/,ﬁ, T MRS
(¢4 31vY HNIQ0D TINNVHI) (INd QNOD3S)
(INd QN093S) NOILVNYOANT MOvdad3d <M

NOILVWYOANI MOV4d33d <M

06 DId

N/Y l 18 ﬁ INd/190 ﬁ eep _H_
Yo
Yo
[
= I '
.U \ )Y [ \
&
=]
[90]
n g g
= 3 \ \ 3 ]
& / g / y, e \ A
=
2z 8 3
m .
= Y SaEaaahii iIiIiTsTsTmTSY S
S N AN AR NN AN ARRN N NN T A
= iy AMminmimim,rimsy SR
= Ny ARy Sy
~ AR NN R T R A RN N NN R SN Y WY
S « > >
= ) 1018 1018 4
= . ETIREENN "
= L
-
£
=
[~™



Aug. 1,2013 Sheet 6 of 11 US 2013/0195035 A1l

Patent Application Publication

9 "Old
14 + 100 + INd 8S + INd am
I + 100 + (MINd 8S

1M + 109 + (LM)ING gM

TYNOIS ¥39914¥1 ANOOIS

TYNDIS ¥39914L 1SHIA

| ]

o —




US 2013/0195035 A1l

SIwvy4ans ol

»
>

CM + M + 10D M

N
[DO s 7//

_m§

Aug. 1,2013 Sheet 7 of 11

SINVYSENS
¢

SIWvI4Ens 01

] i
<« P

|
>

N\\N NNNNN NNANN AN NNAN NN ANSAN ANV &
2da] YPER 2d8 1dg ) 2day 1 dE) N odg ] N 1dg)
0 NER NN oy §//} N NN O \N
> >
ML Mvyaans | SINvYEns

¢

d. Old

L

“\\
_

<«—>
JWvy4ans |

NIl

Patent Application Publication

A

\4

SINVILENS §

VL Ol



Aug. 1,2013 Sheet 8 of 11 US 2013/0195035 A1l

Patent Application Publication

SAWvy4dns ol

8 OId

¢M + 10D g8

IM + DD am

N\\N NN ANN\N NN NN DN
2dg] R | e 2d8) R 1dg L] Y2ER
NN NN NSNS NN NN NN

dnIL

JWvydans |

SANVHLANS ¢



Patent Application Publication Aug. 1,2013 Sheet 9 of 11 US 2013/0195035 A1

40

CORE NETWORK

f—

BASE STATION




US 2013/0195035 A1l

Aug. 1,2013 Sheet 10 of 11

Patent Application Publication

—{—

N#POL  N#EO! N#201

‘ol S S S

. < LND fe momo LINDYIO
DIS M 4980 LINN DNIQ0D3d 144 dd IN303Y 4o

TYNDIS s aesng | LINN NOLLYINAOWad
a30NA0Hd T3NNVHO T¥NDIS TANNVHO Y.1va A
LINN

l—| LINN e nk 11INQdID

oL’ 144 | [MvAOW3H JAIFOI
Trrr 11 T
7 7 S
L4701 L#E0L s 1#201
A|
| LINA NOLLYWLLSE TaNNVHO [ LN
%ot NOLLYWLLST DNIWIL LINSNVHL
HH H& Ad ry mo_.\_x
LINN LNFWIINSYAN
(190) ALMYND 1INNVHO LINA NOLLOTNIS IWd
7 7
of 1 601

y A 4

LINM ONILYHINTD

d,

NNILNV

(7] T¥NDiS TORINOO Novaaaad
LINA LINA LINN LINOHID
Viva | 1o eNidoo LINN = > LING e LIt oigay 2 LINSNVAEL > w3x31dna |
LINsNvaL—> LMD SNICOD 1 NoryIndon > dd I
i AN vivda 7 7 ) 7 7
LINN DNIATLLTAW wam | NELL Nl NaSlL - NabLL N0l
r ONIGOOId .
zh gl
. 1INN LINDHIO v
TYNDIS FONTIIATY S 4esn —» g > AINO ey LING oNIdaY == LINSNvHL > yaxaIdna
7 T 7 7 7 =
W gl1 oL i 1811 L#611 Lol \\_H_
I VNNILNV
0l "Dld o



US 2013/0195035 A1l

Aug. 1,2013 Sheet 11 of 11

Patent Application Publication

4,

YNNILNY

N#OLZ N#PIZ  N#ELT NHZ1Z N#11Z
L e NN S S
TVNDIS Haesn — LINO LINDHIO
@30NaoYudI o . AN [ L AJ<>%ozm_m N0 °F
oNiG0o3a || LINN NOILYINQOWAQ_ .
IYNDIS |# 4esn TANNYHD |« TVYNDIS TINNYHO V.LVQ X# 4osn i LoD
NN e m
430Na0yd3y . i e AN vy JAEOTY [
wiie i TATATATE — TATATATE il - Y
~1 i A S
N#S1Z bz I L#Z v iz
~H  LINN NOLLYWLLST T3NNVHO
iz || "
1NN
NOLLYAILLST DNIWLL SAEDTY
LINN NOLLYINQOW3A _ | _1#8IT .
NOLLYWHOANI Ia/I00/INd 1#4esn 122
v ] vy . ~N#612
LINN NOLLOVHIX3 LINN NOLLOVHLXT 14612
NOILVWHOANI 199 [# 4esn NOILYIWHOANI TN 1# J2sn
N#222
1#e2z vy
LINA DNILYHINID
LHOIIM DNIGOOTId L~ 0ce
) 1 ¥ 1 * 1@! 1
V1Va LINSNYHL - ——
L# 498N 1INN > Ly LINO L LN Lyl SROEE Ly LINSNvHL 7 43aX31dNa
LINA DNIGOD NoLY NGO 140 1341 do iy
V1va LINSNYHL TANNVHD
*iIosN vivd 1NN I r A I I
> S ONLEIL NI xaw | H90Z  OWOZ W80T 1 6oz N#01Z
HI0Z |40z 120z BNIJOoOTd
TYNDIS JONFYIATY | esn LINN TWYNOIS
i Ly LINN LINN
IYNDIS FONIHIATY M 19sh > 14a e Y > Ozh_m_un_,q e ._.HEM_W_*<K._. —» 43x31dNA
HH0T / - I - - I I
1INN WEOT |yl 50z 1#0902 wloz 1480z 1#602 14017 \S
L#50Z ONLLVHINTD YNNI
TVNSIS
T04.LNOD o
Il OI4 S



US 2013/0195035 Al

MOBILE TERMINAL DEVICE AND RADIO
BASE STATION APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a mobile terminal
device and a radio base station apparatus, and more particu-
larly, to a mobile terminal device and a radio base station
apparatus employed in multiple antenna transmission.

BACKGROUND ART

[0002] In a universal mobile telecommunications system
(UMTS) network, high speed downlink packet access (HS-
DPA) or high speed uplink packet access (HSUPA) is
employed in order to improve spectrum efficiency and a data
rate so that characteristics of a wideband code division mul-
tiple access (W-CDMA) based system can be maximized. In
such an UMTS network technology, long term evolution
(LTE) has been discussed to obtain a higher data rate, a lower
delay, and the like.

[0003] Ina3GPP system, a fixed band of 5 MHz is used in
general to implement a transmission rate of 2 Mbps at maxi-
mum in downlink. Meanwhile, in an LTE system, transmis-
sion rates of 300 Mbps in downlink and 75 Mbps in uplink at
maximum can be implemented using variable bandwidth
between 1.4 MHz and 20 MHz. In addition, in a UMTS
network, in order to obtain a wider bandwidth and a faster
transmission rate, a post-LTE system is also discussed (e.g.,
LTE-Advanced (LTE-A)). For example, in LTE-A, itis antici-
pated that the maximum system bandwidth of 20 MHz in the
LTE specification is expanded to, approximately, 100 MHz.
In addition, it is anticipated that the maximum number of
transmit antennas set to 4 in the LTE specification is expanded
to 8.

[0004] In an LTE system, data are transmitted/received
using a plurality of antennas, and a multiple input multiple
output (MIMO) system has been proposed as a radio commu-
nication technique for improving a data rate (spectrum effi-
ciency) (see e.g., Non-patent Literature 1). In the MIMO
system, a plurality of transmit/receive antennas are provided
in a transceiver, and different transmission information
sequences are simultaneously transmitted from different
transmit antennas. Meanwhile, at the receiver side, the infor-
mation sequences transmitted simultaneously are separately
detected in consideration of a fact that different fading varia-
tions are generated between transmit/receive antennas, so that
it is possible to increase a data rate (spectrum efficiency).

[0005] In an LTE system, there are defined single-user
MIMO (SU-MIMO) in which overall transmission informa-
tion sequences simultaneously transmitted from different
transmit antennas belong to the same user and multiple-user
MIMO (MU-MIMO) in which transmission information
sequences simultaneously transmitted from different transmit
antennas belong to different users. In both the SU-MIMO
transmission and the MU-MIMO transmission, an optimal
precoding matrix indicator (PMI) is selected from a codebook
in which a plurality of phase/amplitude control amounts (pre-
coding matrix (precoding weight)) to be set for the antennas
of the transmitter at the receiver side and a plurality of PMIs
corresponding to the precoding matrix are defined for each
rank, and the optimal PMI is fed back to the transmitter. In
addition, a rank indicator (RI) indicating the optimal rank is
selected and fed back to the transmitter. At the transmitter
side, the precoding weights for each transmit antenna are
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specified based on the PMI and the RI fed back from the
receiver, and the precoding is performed, so that the transmis-
sion information sequences are transmitted.

CITATION LIST

Non-Patent Literatures

[0006] [Non-patent Literature 1] 3GPP TR 25.913
“Requirements for Evolved UTRA and Evolved UTRAN”
[0007] InLTE-A, itis determined that the mobile terminal
device feeds back the PMI, and the precoder selected by the
mobile terminal device is generated by selecting one of
double codebooks W1 and W2. It is necessary to investigate
how to feed back the precoder selected from the two code-
books W1 and W2.

SUMMARY OF THE INVENTION

Technical problem

[0008] The present invention has been made in view of the
aforementioned problems, and an aim thereof is to provide a
mobile terminal device and a radio base station apparatus
capable of effectively feeding back PMI by selecting the
precoder using double codebooks W1 and W2 in downlink
MIMO transmission.

Solution To Problem

[0009] According to an aspect of the present invention,
there is provided a mobile terminal device including: feed-
back control signal generating section that individually per-
forms channel coding for a first precoding matrix indicator
(PMI) selected from a first codebook for wideband/long-
period and a second PMI selected from a second codebook for
subband/short-period; and a transmit section that transmits
the individually channel-coded first and second PMIs to a
radio base station apparatus on a physical uplink shared chan-
nel (PUSCH).

[0010] According to an aspect of the present invention,
there is provided a mobile terminal device including: a PMI
selection section that selects the first PMI from a first code-
book for wideband/long-period and selects the second PMI
from a second codebook for subband/short-period in which a
subband size is set to a relatively wider bandwidth; a multi-
plexing section that allocates the first and second PMIs to
subframes; and a transmit section that transmits the first and
second PMIs to the radio base station apparatus on a physical
uplink control channel.

[0011] According to another aspect of the present inven-
tion, there is provided a radio base station apparatus includ-
ing: a control signal generating section that individually gen-
erates a first trigger signal for a first PMI selected from a first
codebook for wideband/long-period and a second trigger sig-
nal for a second PMI selected from a second codebook for
subband/short-period; and a transmit section that transmits
the individually generated first and second trigger signals to a
mobile terminal device on an uplink grant.

Technical Advantage of the Invention

[0012] According to the present invention, the first PMI
selected from the first codebook for wideband/long-period
and the second PMI selected from the second codebook for
subband/short-period are individually channel-coded, and
the individually channel-coded first and second PMIs are
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transmitted to the radio base station apparatus on a physical
uplink shared channel (PUSCH). Therefore, it is possible to
effectively feed back the PMI by selecting a precoder using
double codebooks W1 and W2 in downlink MIMO transmis-
sion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG.1is aconceptual diagram illustrating a MIMO
system applied to a communication control method according
to the present invention;

[0014] FIGS. 2A and 2B are diagrams illustrating downlink
MIMO transmission in LTE-A;

[0015] FIGS. 3A and 3B are diagrams illustrating a PMI/
CQI/RI feedback using PUCCH;

[0016] FIG. 4 is a diagram illustrating a PMI/CQI/RI feed-
back using PUSCH;

[0017] FIGS. 5A, 5B, and 5C are diagrams illustrating the
mobile terminal device according to a first aspect of the
present invention;

[0018] FIG. 6 is a diagram illustrating the mobile terminal
device according to a second aspect of the present invention;
[0019] FIGS. 7A and 7B are diagrams illustrating the
mobile terminal device according to a third aspect of the
present invention;

[0020] FIG. 8 is a diagram illustrating the mobile terminal
device according to a third aspect of the present invention;
[0021] FIG.9isadiagram illustrating a configuration of the
mobile communication system according to an embodiment
of the present invention;

[0022] FIG. 10 is a block diagram illustrating a configura-
tion of the mobile terminal device according to the embodi-
ment described above; and

[0023] FIG. 11 is a block diagram illustrating a configura-
tion of the radio base station apparatus according to the
embodiment described above.

DESCRIPTION OF EMBODIMENTS

[0024] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompanying
drawings. First, a precoding in downlink MIMO transmission
performed in an LTE-A system will be described based on the
MIMO system of FIG. 1. FIG. 1 is a conceptual diagram
illustrating a MIMO system applied to the communication
control method according to the present invention. In addi-
tion, in the MIMO system of FIG. 1, each of the base station
apparatus eNodeB and the user equipment UE has eight
antennas.

[0025] In the precoding on downlink MIMO transmission
in the MIMO system of FIG. 1, the mobile terminal device UE
measures a channel variation amount using the receive sig-
nals from each antenna and selects a precoding matrix indi-
cator (PMI) and a rank indicator (RI) corresponding to the
phase/amplitude control amount (precoding weight) exhibit-
ing a maximum throughput (or maximum receive signal to
interference and noise ratio (SINR)) after combining the
transmit data from each transmit antenna of the radio base
station apparatus eNodeB base on the measured channel
variation amount. In addition, the selected PMI and RI are fed
back to the radio base station apparatus eNodeB along with
the channel quality indicator (CQI) in uplink. The radio base
station apparatus eNodeB performs precoding for the trans-
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mit data based on the PMI and the RI fed back from the mobile
terminal device UE and transmits information from each
antenna.

[0026] Inthe mobile terminal device UE of FIG. 1, a signal
separation/decoding unit 11 separates and decodes the con-
trol channel signal and the data channel signal contained in
the receive signal received through the receive antennas
RX#1 to RX#8. As the signal separation/decoding unit 11
performs the decoding process, the data channel signal for the
mobile terminal device UE is reproduced. The PMI selection
unit 12 selects the PMI depending on the channel condition
estimated by a channel estimation unit (not illustrated). In this
case, the PMI selection unit 12 selects an optimal PMI from
the codebook 13 including a plurality of N existing precoding
weights defined for each rank in both the mobile terminal
device UE and the radio base station apparatus eNodeB and
the PMI corresponding to the precoding matrix. The RI selec-
tion unit 14 selects the RI depending on the channel condition
estimated by the channel estimation unit. The PMI and the RI
are transmitted to the radio base station apparatus eNodeB
along with the channel quality indicator (CQI) as feedback
information.

[0027] Meanwhile, in the radio base station apparatus eNo-
deB of FIG. 1, the precoding weight generating unit 21 gen-
erates the precoding weight based on the PMI and the RI fed
back from the mobile terminal device UE. The precoding
multiplying unit 22 controls (shifts) the phase/amplitude for
each transmit antenna TX#1 to TX#8 by multiplying the
precoding weight by the transmit signal converted in parallel
by the serial/parallel conversion unit (S/P) 23. As a result, the
phase/amplitude-shifted transmit data are transmitted from
eight transmit antennas TX#1 to TX#8.

[0028] However, according to agreement of the LTE-A sys-
tem, the upper limit of the number of overall streams (ranks)
is set to 4, the maximum number of multiplexed streams per
user equipment UE is set to 2, and the maximum number of
multiplexed user equipments UE is set to 4 in downlink MU-
MIMO transmission. For this reason, in the downlink MU-
MIMO, there may be a case where two SU-MIMO streams
are transmitted to each of the mobile terminal devices UE#1
and UE#2 as illustrated in FIG. 2A or a case where a single
stream is transmitted to each of the mobile terminal devices
UE#1, UE#2, UE#3, and UE#4 as illustrated in FIG. 2B.
[0029] Here, description will be made for a feedback
method of feedback information including channel informa-
tion (PMI/CQI/RI) from the mobile terminal device to the
radio base station apparatus eNodeB in such downlink MIMO
transmission. FIGS. 3A and 3B are diagrams illustrating a
feedback method of feedback information from the mobile
terminal device UE to the radio base station apparatus eNo-
deB using physical uplink control channel (PUCCH) in
downlink MIMO transmission. FIGS. 3A and 3B illustrate a
case where the feedback information is fed back periodically
(hereinafter, referred to as periodic feedback).

[0030] In the periodic feedback, there are a mode in which
wideband (WB) CQI, WBPMI, and RI are fed back using
separate subframes as illustrated in FIG. 3A and a mode in
which WBCQI, WBPMI, RI, and subband (SB) CQI are fed
back using separate subframes as illustrated in FIG. 3B.
[0031] In the mode illustrated in FIG. 3A, the feedback
information (such as PMI/CQI and RI) is fed back using
PUCCH. As illustrated in FIG. 3A, WBPMI, WBCQI, and RI
are fed back using different subframes (or different transmis-
sion time intervals (TT])). In FIG. 3A, a feedback mode ofthe
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channel information of PUCCH is set to mode 1-0(1-1), and
the WBPMI/WBCQI period is set to 5 subframes. In addition,
the RI period is set to twice the WBPMI/WBCQI period (10
subframes), and the subframe used to feed back the RI is
offset from the subframe used to feed back the PMI/CQI by 2
subframes. In this case, PMI/CQI and RI are coded and fed
back independently from each other.

[0032] Similarly, in the mode illustrated in FIG. 3B, the
feedback information (such as PMI/CQI and RI) is fed back
using PUCCH. As illustrated in FIG. 3B, WBPMI, WBCQI,
RI, and SBCQI are fed back using different subframes (TTI).
In FIG. 3B, a feedback mode of the channel information of
PUCCH is set to mode 1-1(2-1), and the WBPMI/WBCQI
period is set to 2 subframes. In addition, the RI period is set to
five times the WBPMI/WBCQI period (10 subframes), and
the subframe used to feed back the RI is offset from the
subframe used to feed back the WBPMI/WBCQI by 1 sub-
frame. Furthermore, the number of subbands (bandwidth part
(BP) number) is set to 2, the subframe used to feed back the
subband CQI is offset from the subframe used to feed back
WBPMI/WBCQI by 2 subframes, and the subband CQI of the
same subband is fed back twice during the WBPMI/CQI
feedback period. In this case, WBPMI/WBCQI, RI, and
SBCQI are coded and fed back independently from each
other.

[0033] FIG. 4 illustrates a case where the feedback infor-
mation is fed back aperiodically (hereinafter, referred to as
“aperiodic feedback™). In the aperiodic feedback, the feed-
back information (such as PMI/CQI and RI) is fed back using
the physical uplink shared channel (PUSCH) in response to
an uplink-granted trigger signal coming from the base station
apparatus eNodeB. As illustrated in FI1G. 4, PMI/CQI and RI
are fed back using different resource elements (RE) within the
same subframe (TTI). In this case, similar to the periodic
feedback, PMI/CQI and RI are coded and fed back indepen-
dently from each other.

[0034] The PMI/CQI and the RI are coded independently
from each other because the RI requires a receive quality
higher than that of the PMI/CQI. That is, the RI is used to
determine the number of streams at the time of MIMO trans-
mission and requires a receive quality higher than that of the
PMI/CQI used to determine the modulation and coding
scheme (MCS) or the precoding weight. For this reason, the
RIis coded at a coding rate lower than that of the PMI/CQI.

[0035] In the MIMO system of the LTE-A scheme, a
method has been discussed, in which two codebooks (here-
inafter appropriately referred to as double codebooks) are
provided in both the mobile terminal device UE and the radio
base station apparatus eNodeB, and feedback information is
fed back for a different period, as a technique for reducing a
quantization error in the quantization process of the mobile
terminal device UE at the time of MU-MIMO transmission
and reducing a feedback information amount for the radio
base station apparatus eNodeB.

[0036] In this double codebook MIMO system, one of the
codebooks is used as a wideband/long-period codebook, and
the other codebook is used as a subband/short-period code-
book. In this MIMO system, due to the double codebooks, it
is possible to increase an effective size of the codebook.
Therefore, it is anticipated that the quantization error in the
quantization process of the mobile terminal device UE is
reduced. In addition, the wideband/long-period codebook is
not required to feed back the feedback information fre-
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quently, compared to the subband/short-period codebook.
Therefore, it is anticipated that the feedback information is
reduced.

[0037] Each of the first PMI selected from the codebook
W1 and the second PMI selected from the codebook W2 is fed
back from the mobile terminal device to the radio base station
apparatus. In the radio base station apparatus, a precoder such
as a precoder corresponding to the first PMI and a precoder
corresponding to the second PMI is generated, and downlink
MIMO transmission is performed using this precoder. In this
case, the precoder for downlink MIMO transmission may be
obtained through a Kronecker product between the precoder
corresponding to the first PMI and the precoder correspond-
ing to the second PMI.

[0038] The inventors achieved the invention described
below by making a diligent investigation on how to feed back
the precoder selected from the double codebooks in a case
where double codebooks are used for the downlink MIMO
transmission in this manner.

First Aspect

[0039] In this aspect, the precoder (first and second PMIs)
selected from the double codebooks W1 and W2 is fed back
on PUSCH. In this aspect, the first PMI selected from the first
codebook for wideband/long-period and the second PMI
selected from the second codebook for subband/short-period
are individually channel-coded, and the individually channel-
coded first and second PMIs are transmitted to the radio base
station apparatus on PUSCH.

[0040] In this case, it is preferable that the first PMI be
channel-coded at a channel coding rate lower than that of the
second PMI (FIG. 5B). Since the first PMI is selected from the
first codebook for long-period, if the first PMI is erroneous, it
is conceived that the erroneous state (error propagation) is
maintained until the next first PMI is fed back (for a relatively
long time). In this regard, an error in the first PMI is sup-
pressed by channel-coding the first PMI at a channel coding
rate lower than that of the second PMI, so that it is possible to
prevent the first PMI from having an erroneous state for a long
time.

[0041] Inaddition, in a case where an antenna correlation is
low as in the SU-MIMO, it is preferable that the second PMI
be channel-coded at a channel coding rate lower than that of
the first PMI. In SU-MIMO transmission, since the second
PMI selected from the codebook W2 for subband/short-pe-
riod is used, it is preferable that the second PMI be channel-
coded at a low channel coding rate so as to prevent an error.
[0042] In addition, it is preferable that the channel coding
rates of the first and second PMIs be determined based on the
RI. Since the RI is determined based on a spatial correlation,
it is possible to optimize the feedback-amount/codebook for
each rank depending on the spatial correlation by determining
the channel coding rate based on the RI. For example, in the
case of a low rank, the spatial correlation is high, so that the
channel coding rate of the PMI (particularly, first PMI) is
lowered.

[0043] The first and second PMIs subjected to the channel
coding are allocated to different positions in the resource
block allocated to a user as illustrated in FIG. SC. For
example, the first PMI is allocated to the vicinity of the RI,
and the second PMI is allocated to the vicinity of the CQI.
That is, since the first PMI has a long period, it is necessary to
perform the feedback with high performance. For this reason,
it is preferable that the first PMI be allocated to the vicinity of
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the reference signal (demodulation reference signal
(DMRS)), that is, the vicinity of RI or ACK/NACK. Mean-
while, as illustrated in FIG. 5C, the second PMl is allocated to
the vicinity of CQI.

[0044] In a case where the first and second PMIs are chan-
nel-coded, the first PMI and the CQI (SBCQI or WBCQI)
may be joint-coded, or the second PMI and the CQI (SBCQI
or WBCQI) may be joint-coded as illustrated in FIG. 5A. In
addition, the first PMI and the CQI corresponding to the first
PMI may be joint-coded, or the second PMI and the CQI
corresponding to the second PMI may be joint-coded. In
addition, the first PMI and the RI may be joint-coded.

Second Aspect

[0045] Inthis aspect, when information (PMI) ofthe double
codebooks W1 and W2 is fed back aperiodically on PUSCH
using the trigger signal, the trigger signal used to feed back
the information of the codebook W1 and the trigger signal
used to feed back the information of the codebook W2 are
individually defined.

[0046] In this aspect, the radio base station apparatus indi-
vidually generates the first trigger signal for the first PMI
selected from the first codebook for wideband/long-period
and the second trigger signal for the second PMI selected
from the second codebook for subband/short-period, and the
individually generated first and second trigger signals are
transmitted to the mobile terminal device on an uplink grant
as illustrated in FIG. 6.

[0047] Inthis manner, in the mobile terminal device which
feeds back, to the radio base station apparatus, the first PMI
selected from the first codebook and the second PMI selected
from the second codebook based on the first and second
trigger signals from the radio base station apparatus on
PUSCH, the first and second PMIs are allocated to subframes,
and the first and second PMIs are transmitted to the radio base
station apparatus on PUSCH.

[0048] Inthis case, in the mobile terminal device, when two
types of CQIs (SBCQI and WBCQI) are used, it is preferable
that the first PMI and the CQI (SBCQI or WBCQI) corre-
sponding to the first PMI be allocated to the same subframe,
and the second PMI and the CQI (SBCQI or WBCQI) corre-
sponding to the second PMI be allocated to the same sub-
frame. As a result, it is possible to improve a resistance to a
feedback error, that is, alleviate influence of the throughput
characteristic deterioration.

[0049] In a case where the downlink MIMO transmission
precoder is obtained from a product or a Kronecker product
between the precoder corresponding to the first PMI and the
precoder corresponding to the second PMI, it is preferable
that the first PMI and the CQI corresponding to the first PMI
be allocated to the same subframe, and the second PMI and
the CQI corresponding to the product or Kronecker product
between the first and second PMIs be allocated to the same
subframe. In this case, since the second PMI is selected by
assuming a particular first PMI, the CQI for the product or
Kronecker product is fed back. As a result, it is possible to
improve a resistance to a feedback error, that is, alleviate
influence of a throughput characteristic deterioration.

[0050] In addition, in a case where the first and second
PMIs are fed back using the same subframe (the first and
second PMIs are allocated to the same subframe), it is pref-
erable that the first PMI and the CQI corresponding to a
product or a Kronecker product of the PMIs be allocated to
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subframes. As a result, it is possible to improve a resistance to
a feedback error, that is, alleviate influence of a throughput
characteristic deterioration.

Third Aspect

[0051] Inthisaspect, the precoder selected from the double
codebooks W1 and W2 (first and second PMIs) is fed back on
PUCCH. In this aspect, the mobile terminal device selects the
first PMI from the first codebook for wideband/long-period
and selects the second PMI from the second codebook for
subband/short-period having a subband size setto a relatively
wide bandwidth. The first and second PMIs are allocated to
subframes and are transmitted to the radio base station appa-
ratus on PUCCH.

[0052] Here, the subband size of the codebook W2 is made
to be equal to the entire system band (or component carrier
bandwidth). That is, the codebook is set so as to support only
the wideband. In this case, as illustrated in FIG. 7A, it is
preferable that the first and second PMIs and the wideband
CQI be allocated to the same subframe. As a result, it is
possible to suppress increase of the feedback overhead in the
vicinity of the subframe to the minimum without increasing
the number of feedback subframes. In addition, as illustrated
in FIG. 7B, it is preferable that the second PMI and the
wideband CQI be allocated to the same subframe, and the first
PMI be allocated to subframes other than the aforementioned
subframe. As a result, it is possible to suppress the feedback
overhead in the vicinity of each subframe to the minimum.
[0053] Intheaspect in which the precoder (first and second
PMIs) selected from the double codebooks W1 and W2 is fed
back on PUCCH, the subband size of the codebook W2 may
be equal to the subband size of the CQI. In this case, as
illustrated in FIG. 8, the first PMI and the wideband CQI are
allocated to the same subframe, and the second PMI and the
subband CQI of the subband corresponding to the second
PMI are allocated to the same subframe. As a result, it is
possible to suppress increase of the feedback overhead in the
vicinity of the subframe to the minimum without increasing
the number of feedback subframes.

[0054] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompanying
drawings. Here, description will be made for a case where a
radio base station apparatus and a mobile terminal device
based on an LTE-A system are employed.

[0055] Referring to FIG. 9, a mobile communication sys-
tem 1 having a mobile terminal device (UE) 10 and a radio
base station apparatus (eNodeB) 20 according to an embodi-
ment of the present invention will be described. FIG. 9 is a
diagram illustrating a configuration of the mobile communi-
cation system 1 having the mobile terminal device 10 and the
radio base station apparatus 20 according to an embodiment
of'the present invention. The mobile communication system 1
of FIG. 9 is, for example, an LTE system or a SUPER-3G
system. In addition, the mobile communication system 1 may
be called an IMT-Advanced or 4G.

[0056] As illustrated in FIG. 9, the mobile communication
system 1 includes a radio base station apparatus 20 and a
plurality of mobile terminal devices 10 (including 10,, 10,,
10, . . ., and 10,, where n denotes an integer greater than 0)
that communicate with the radio base station apparatus 20.
The radio base station apparatus 20 is connected to an upper-
layer station apparatus 30, which is connected to a core net-
work 40. The mobile station apparatus 10 communicates with
the base station apparatus 20 in a cell 50. The upper-layer
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station apparatus 30 may include, for example, but not limited
to, an access gateway apparatus, a radio network controller
(RNC), a mobility management entity (MME), and the like.
[0057] Since each mobile terminal devices 10,,10,, 10, . .
., and 10,, have the same configuration, function and condi-
tion, the mobile terminal device will be denoted by reference
numeral 10 in the following description unless specified oth-
erwise. For convenient description purposes, it is assumed
that the mobile terminal device 10 wirelessly communicates
with the radio base station apparatus 20. However, more
generally, the mobile terminal device 10 may be called a user
equipment UE, including both a mobile terminal device and a
fixed terminal apparatus.

[0058] As a radio access scheme in the mobile communi-
cation system 1, orthogonal frequency division multiple
access (OFDMA) is employed in downlink, and single carrier
frequency division multiple access (SC-FDMA) is employed
inuplink. In OFDMA, a multiple carrier transmission scheme
is employed, in which a frequency band is divided into a
plurality of narrow frequency bands (subcarriers), and com-
munication is performed by mapping data to each subcarrier.
In SC-FDMA, a single carrier transmission scheme is
employed, in which interference between terminals is allevi-
ated by dividing a system band into bands including a single
or a series of resource blocks for each terminal and causing a
plurality of terminals to use different bands.

[0059] Here, description will be made for a communication
channel inan LTE system. In downlink, the PDSCH shared by
each mobile station apparatus 10 and the downlink [.1/1.2
control channels (PDCCH, PCFICH, and PHICH) are used.
Using this PDSCH, user data, that is, a typical data signal is
transmitted. The transmit data are included in this user data.
In addition, CC allocated to the mobile terminal device 10
from the radio base station apparatus 20 or scheduling infor-
mation is notified to the mobile terminal device 10 through
the L1/L.2 control channel.

[0060] In uplink, the physical uplink shared channel
(PUSCH) shared by each mobile terminal device 10 and the
physical uplink control channel (PUCCH) as the uplink con-
trol channel are used. Using this PUSCH, user data are trans-
mitted. In addition, using PUCCH, the downlink channel
quality indicator (CQI) and the like are transmitted.

[0061] FIG. 10 is a block diagram illustrating a configura-
tion of the mobile terminal device 10 according to the present
embodiment. FIG. 11 is a block diagram illustrating a con-
figuration of the radio base station apparatus 20 according to
the present embodiment. The configurations of the mobile
terminal device 10 and the radio base station apparatus 20 of
FIGS. 10 and 11 are simplified for description of the present
invention, and it is assumed that they include elements of a
typical radio base station apparatus and a typical mobile
terminal device, respectively.

[0062] In the mobile station apparatus 10 of FIG. 10, the
transmit signal transmitted from the radio base station appa-
ratus 20 is received by the antennas 1 to N ,-and is electrically
divided by a duplexer 101#1 to 101#N into a transmit path and
areceive path. Then, they are output to the RF receive circuits
102#1 to 102#N. In addition, the RF receive circuits 102#1 to
102#N perform a frequency conversion process for convert-
ing the radio frequency signal to a baseband signal, and then,
they are output to the receive timing estimation unit 105 and
the CP removal units 103#1 to 103#N. The receive timing
estimation unit 105 estimates a receive timing using the
receive signal subjected to the frequency conversion process
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and outputs the receive timing to the CP removal units 103# to
103#N. The CP removal units 103#1 to 103#N remove a
cyclic prefix (CP), and the fast Fourier transform (FFT) units
104#1 to 104#N perform Fourier transform to transform a
time series signal to a frequency domain signal. The receive
signal transformed to the frequency domain signal is output to
the channel estimation unit 106 and the data channel signal
demodulation unit 107.

[0063] The channel estimation unit 106 estimates the chan-
nel condition from the reference signal included in the receive
signal output from the FFT units 104#1 to 104#N and notifies
the data channel signal demodulation unit 107 of the esti-
mated channel condition. The data channel signal demodula-
tion unit 107 demodulates the data channel signal based on
the notified channel condition. The demodulated data channel
signal is channel-demodulated by the channel demodulation
unit 108 and is reproduced by a user_#k signal.

[0064] The channel quality (CQI) measurement unit 110
measures the channel quality from the channel condition
notified from the channel estimation unit 106. Specifically,
the channel quality measurement unit 110 measures the CQI
based on the channel condition notified from the channel
estimation unit 106 and notifies the feedback control signal
generating unit 111 of the CQI. The channel quality measure-
ment unit 110 selects the first PMI selected from the first
codebook W1 for wideband/long-period, the second PMI
selected from the second codebook W2 for subband/short-
period, or the CQI corresponding to the Kronecker product
between the first and second PMIs.

[0065] The PMI selection unit 109 selects the PMI from the
channel condition notified from the channel estimation unit
106. Here, the PMI selection unit 109 has double codebooks,
that is, including the first codebook for wideband/long-period
and the second codebook for subband/short-period. In addi-
tion, the PMI selection unit 109 selects the first PMI from the
first codebook and the second PMI from the second code-
book. The PMI selection unit 109 notifies the feedback con-
trol signal generating unit 111 of the selected first and second
PMIs.

[0066] In addition, the RI is selected depending on the
channel condition estimated by the channel estimation unit
106, and the selected RI is notified to the feedback control
signal generating unit 111.

[0067] The feedback control signal generating unit 111
serving as a control signal generating means generates a
control signal (such as PUCCH signal) used to feed back the
notified PMI, CQI, and RI to the base station apparatus 20. In
addition, the feedback control signal generating unit 111
performs channel-coding and data-modulation of informa-
tion of the PMI and the CQI of'the first and second codebooks
W1 and W2 for performing the feedback on PUCCH or
PUSCH. This channel coding is performed according to the
first aspect described above. That is, the first and second PMIs
are channel-coded individually. The control signal generated
by the feedback control signal generating unit 111 or the PMI
or CQI subjected to the channel-coding is output to the mul-
tiplexer (MUX) 115.

[0068] Meanwhile, the transmit_data_#k foruser_#k trans-
mitted from the upper layer are channel-coded by the channel
coding unit 112 and then, the coded data are modulated by the
data modulation unit 113. A discrete Fourier transform unit
(not illustrated) performs inverse Fourier transform for the
transmit_data_#k modulated by the data modulation unit 113
to transform the time series signal to the frequency domain



US 2013/0195035 Al

signal, and the transformed signal is output to the subcarrier
mapping unit (not illustrated).

[0069] The subcarrier mapping unit performs mapping of
the transmit_data_#k to the subcarriers based on the schedule
information instructed from the radio base station apparatus
20. In this case, the subcarrier mapping unit performs map-
ping (multiplexing) of the reference_signal_#k generated by
a reference signal generating unit (not illustrated) along with
the transmit_data_#k to the subcarriers. In this manner, the
transmit_data_#k mapped to the subcarriers is output to the
precoding multiplying unit 114.

[0070] The precoding multiplying unit 114 shifts the phase
and/or amplitude of the transmit_data_#k for each receive
antenna 1 to N, based on the precoding weight correspond-
ing to the PMI. The transmit_data_#k of which the phase
and/or amplitude have been shifted by the precoding multi-
plying unit 114 are output to the multiplexer (MUX) 115.
[0071] The multiplexer (MUX) 115 combines the trans-
mit_data_#k of which the phase and/or phase have been
shifted and the control signal generated by the feedback con-
trol signal generating unit 111 to generate transmit signals for
each receive antennas 1 to N,. In addition, in a case where
the first and second PMIs are fed back on PUSCH, the first
and second PMIs and the CQI are mapped to difterent posi-
tions within the allocation resource. This mapping (multi-
plexing) is performed according to the first aspect described
above. On the contrary, in a case where the first and second
PMIs are fed back on PUCCH, the first and second PMIs and
the CQI are allocated to subframes. This mapping (multiplex-
ing) is performed according to the third aspect described
above.

[0072] The transmit signal generated by the multiplexer
(MUX) 115 is subjected to discrete Fourier transform (DFT)
in discrete Fourier transform units 116#1 to 116#N to trans-
form the time series signal to the frequency domain signal.
The frequency domain signal is allocated to a frequency band
orthogonal to those of other UEs through subcarrier mapping
(not illustrated). Then, inverse fast Fourier transform (IFFT)
units 117#1 to 117#N perform inverse fast Fourier transform
to transform the frequency domain signal to the time domain
signal. Then, the CP adding units 118#1 to 118#N add the
CONVEX PORTION (CP) to the time domain signal and
outputs the result to the RF transmit circuits 119#1 to 119#N.
[0073] The RF transmit circuits 119#1 to 119#N perform
the frequency conversion process for conversion to the radio
frequency band, and the radio frequency signal is output to the
antennas 1 to N ,-through the duplexers 101#1 to 101#N and
is transmitted to the radio base station apparatus 20 from the
antennas 1to N ,-in uplink. The RF transmit circuits 119#1 to
119#N, the duplexers 101#1 to 101#N, and the antennas 1 to
N constitute a transmission means for transmitting the con-
trol signal.

[0074] In this manner, in the mobile station apparatus 10
according to the present embodiment, the first PMI selected
from the first codebook W1 for wideband/long-period and the
second PMI selected from the second codebook W2 for sub-
band/short-period are individually channel-coded, and the
individually channel-coded first and second PMIs are trans-
mitted to the radio base station apparatus on PUSCH or
PUCCH. Therefore, it is possible to effectively feed back the
PMI by selecting a precoder using double codebooks W1 and
W2 in downlink MIMO transmission.

[0075] Meanwhile, the radio base station apparatus 20 of
FIG. 11 transmits the transmit_data_#1 to the transmit_data_
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#k for user_#1 to user_#k to the corresponding channel cod-
ing units 201#1 to 201#k. The transmit_data_#1 to the trans-
mit_data_#k are channel-coded using the channel coding
units 201#1 to 201#k and are output to the data modulation
units 202#1 to 202#k for data modulation. The transmit_
data_#1 to the transmit_data_#k subjected to the data modu-
lation in the data modulation units 202#1 to 202#k are sub-
jected to inverse discrete Fourier transform in the discrete
Fourier transform unit (not illustrated) for conversion from
the time series signal to the frequency domain signal, and the
frequency domain signal is output to the precoding multiply-
ing units 203#1 to 203#k.

[0076] The precoding multiplying units 203#1 to 203#k
shift the phase and/or amplitude of the transmit_data_#1 to
the transmit_data_#k for each antenna 1 to N, (weighting of
the antennas 1 to N, through the precoding) based on the
precoding weight provided from the precoding weight gen-
erating unit 220 described below. The transmit_data_#1 to the
transmit_data_#k of which the phase and/or amplitude are
shifted by the precoding multiplying units 203#1 to 203#k are
output to the multiplexer (MUX) 205.

[0077] The control signal generating units 204#1 to 204#k
generates the control signal (PDCCH) based on the number of
multiplexed users from the scheduler 201. In addition, the
control signal generating units 204#1 to 20444k perform
feedback control of the first and second PMIs using 2 bits of
the trigger signal (first and second trigger signals) within the
uplink grant. That is, the control signal generating units
204#1 to 204#k individually generate the first trigger signal
for the first PMI selected from the first codebook W1 for
wideband/long-period and the second trigger signal for the
second PMI selected from the second codebook W2 for sub-
band/short-period. The control signal generating units 204#1
to 204#k output each PDCCH and the first and second trigger
signals to the multiplexer (MUX) 205.

[0078] The multiplexer (MUX) 205 combines the trans-
mit_data_#1 to the transmit_data_#k of which the phase and/
or amplitude are shifted, each PDCCH generated by the con-
trol signal generating units 204#1 to 204#k, and the first and
second trigger signals to generate transmit signals for each
transmit antennas 1 to N The transmit signal generated by
the multiplexer (MUX) 205 is subjected to the discrete Fou-
rier transform in the discrete Fourier transform (DFT) units
206#1 to 206#k to transform the time series signal to the
frequency domain signal. Then, the inverse fast Fourier trans-
form (IFFT) units 207#1 to 207#k perform inverse fast Fou-
rier transform to transform the frequency domain signal to the
time domain signal. Then, the CP adding units 208#1 to
2087k add the CP, and the resultant signal is output to the RF
transmit circuits 209#1 to 209#k.

[0079] After the frequency conversion process for conver-
sion to the radio frequency band in the RF transmit circuits
209#1 to 209#N, the signal is output to the antennas 1 to N
through the duplexers 210#1 to 210#N. Then, the signal is
transmitted from the antennas 1 to N to the mobile terminal
device 10 in downlink. The RF transmit circuits 209#1 to
2097k, the duplexers 210#1 to 210#N, and the antennas 1 to
N constitute a transmit means for transmitting the control
signal.

[0080] The transmit signal transmitted from the mobile
terminal device 10 in uplink is received by the antennas 1 to
N The received signal is electrically divided by the duplex-
ers 210#1 to 210#N into the transmit path and the receive
path, and then, the divided signals are output to the RF receive
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circuits 211#1 to 211#N. In addition, the RF receive circuits
211#1 to 211#N perform a frequency conversion process for
converting the radio frequency signal to the baseband signal.
Then, the signal is output to the receive timing estimation unit
221 and the CP removal units 212#1 o 212#N. The receive
timing estimation unit 221 estimates the receive timing using
the receive signal subjected to the frequency conversion pro-
cess, and the receive timing is output to the CP removal units
21241 to 212#N.

[0081] TheCP isremoved by the CP removal units 212#1 to
212#N, and Fourier transform is performed by the fast
[0082] Fourier transform (FFT) units 213#1 to 213#N so
that the time series signal is transformed to the frequency
domain signal. Then, the inverse discrete Fourier transform
IDFT) units 214#1 to 214#N perform the inverse discrete
Fourier transform to transform the frequency domain signal
to the time domain signal. The receive signal converted to the
time domain signal is output to the channel estimation units
215#1 to 215#N and the data channel signal demodulation
units 216#1 to 216#N.

[0083] The channel estimation units 215#1 to 215#N esti-
mate the channel condition from the reference signal con-
tained in the receive signal output from the IDFT units 214#1
to 214#N, and the estimated channel condition is notified to
the data channel signal demodulation units 216#1 to 216#N.
The data channel signal demodulation units 216#1 to 216#N
demodulate the data channel signal based on the notified
channel condition. The demodulated data channel signal is
channel-decoded by the channel decoding units 217#1 to
217#N and is reproduced to user signals user_#1 to user_#k.
The antennas 1 to N, the duplexers 210#1 to 210#N, and the
RF receive circuits 211#1 to 211#N constitute a receive
means for receiving the control signal.

[0084] The PMI/CQI/RI information demodulation units
218#1 to 218#N demodulate information regarding channels
(channel information), for example, feedback information
such as CQI, PMI, and RI notified using PDCCH from the
information included in each control channel signal (e.g.,
PUCCH). The information demodulated by the PMI/CQI/RI
information demodulation units 218#1 to 218#N is output to
the CQI information extraction units 222#1 to 222#N and the
PMI information extraction units 219#1 to 219#N; respec-
tively.

[0085] The CQI information extraction units 222#1 to
222#N extract the CQI information from the information
demodulated by the PMI/CQI/RI information demodulation
units 218#1 to 218#N. The extracted CQI is output to the data
modulation units 202#1 to 202#k and the channel coding
units 201#1 to 201#k, respectively.

[0086] The PMI information extraction units 219#1 to
219#N extract the PMI information from the information
demodulated by the PMI/CQI/RI information demodulation
units 218#1 to 218#N. Here, the PMI information refers to the
first PMI selected from the first codebook W1 and the second
PMI selected from the second codebook W2. The PMI-ex-
tracted first and second PMlIs are output to the precoding
weight generating unit 220.

[0087] The precoding weight generating unit 220 serving
as a weight generating means generates the precoding weight
representing the phase and/or amplitude shift amount for the
transmit_data#1 to the transmit_data_#k based on the first
and second PMIs output from the PMI information extraction
units 219#1 to 219#N and the RI. Each of the generated
precoding weights is output to the precoding multiplying
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units 203#1 to 203#k and is used in the precoding of the
transmit_data#1 to transmit_data_#k.

[0088] In this manner, the radio base station apparatus 20
according to the present embodiment individually generates
the first trigger signal for the first PMI selected from the first
codebook for wideband/long-period and the second trigger
signal for the second PMI selected from the second codebook
for subband/short-period and transmits the individually gen-
erated first and second trigger signals to the mobile terminal
device on an uplink grant. Therefore, it is possible to effec-
tively feedback the PMI by selecting the precoder using
double codebooks W1 and W2 in downlink MIMO transmis-
sion.

[0089] While the present invention has been described in
detail in conjunction with the aforementioned embodiments,
those skilled in the art would appreciate that the embodiments
described in this specification are not intended to limit the
scope of the invention. The embodiments may be modified or
changed without departing from the scope or spirit of the
invention, as set forth in claims. Accordingly, description of
this specification is provided for just exemplification pur-
poses and is not intended to limit the invention.

[0090] This application is based on and claims priority to
Japanese Unexamined Patent Application No. 2010-104838,
filed on Apr. 30, 2010, the entire content of which is incorpo-
rated herein by reference.

1. A mobile terminal device comprising:

a feedback control signal generating section that individu-
ally performs channel coding for a first precoding matrix
indicator (PMI) selected from a first codebook for wide-
band/long-period and a second PMI selected from a
second codebook for subband/short-period; and

a transmit section that transmits the individually channel-
coded first and second PMIs to a radio base station
apparatus on a physical uplink shared channel
(PUSCH).

2. The mobile terminal device according to claim 1,
wherein the feedback control signal generating section per-
forms channel coding for the first PMI at a channel coding
rate lower than that of the second PMI.

3. The mobile terminal device according to claim 1,
wherein the feedback control signal generating section per-
forms channel coding for the second PMI at a channel coding
rate lower than that of the first PMI.

4. The mobile terminal device according to claim 1,
wherein the channel coding rates of the first and second PMIs
are determined based on a rank indicator (RI).

5. The mobile terminal device according to claim 1, further
comprising a multiplexing section that allocates the first and
second PMIs subjected to the channel coding to different
positions of a resource block allocated to a user.

6. The mobile terminal device according to claim 5,
wherein the multiplexing section allocates the first PMI to a
vicinity of RI and multiplexes the second PMI to a vicinity of
a channel quality indicator (CQI).

7. The mobile terminal device according to claim 1,
wherein the feedback control signal generating section per-
forms joint-coding between the first PMI and CQIL.

8. The mobile terminal device according to claim 1,
wherein the feedback control signal generating section per-
forms joint-coding between the second PMI and CQI.

9. The mobile terminal device according to claim 1,
wherein the feedback control signal generating section per-
forms joint-coding between the first PMI and CQI corre-
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sponding to the first PMI and performs joint-coding between
the second PMI and CQI corresponding to the second PMI.

10. The mobile terminal device according to claim 1,
wherein the feedback control signal generating section per-
forms joint-coding between the first PMI and R1.

11. The mobile terminal device comprising:

a PMI selection section that selects the first PMI from a first
codebook for wideband/long-period and selects the sec-
ond PMI from a second codebook for subband/short-
period in which a subband size is set to a relatively wider
bandwidth;

a multiplexing section that allocates the first and second
PMIs to subframes; and

a transmit section that transmits the first and second PMIs
to the radio base station apparatus on a physical uplink
control channel.

12. The mobile terminal device according to claim 11,
wherein the multiplexing section allocates the first and sec-
ond PMIs and wideband CQI to an identical subframe.

13. The mobile terminal device according to claim 11,
wherein the multiplexing section allocates the second PMI
and wideband CQI to an identical subframe and allocates the
first PMI to subframes other than the identical subframe.

14. The mobile terminal device according to claim 13,
wherein a subband size of the second codebook is set to a
subband size of the CQI.

15. The mobile terminal device according to claim 14,
wherein the multiplexing section allocates the first PMI and
wideband CQI to an identical subframe and allocates the
second PMI and a subband CQI of a subband corresponding
to the second PMI to an identical subframe.

16. A radio base station apparatus comprising:

a control signal generating section that individually gener-

ates a first trigger signal for a first PMI selected from a
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first codebook for wideband/long-period and a second
trigger signal for a second PMI selected from a second
codebook for subband/short-period; and

atransmit section that transmits the individually generated

first and second trigger signals to a mobile terminal
device on an uplink grant.

17. A mobile terminal device in which the first PMI
selected from the first codebook and the second PMI selected
from the second codebook are fed back to a radio base station
apparatus on a physical uplink shared channel (PUSCH)
based on the first and second trigger signals from the radio
base station apparatus according to claim 16, the mobile
terminal device comprising:

a multiplexing section that allocates the first and second

PMIs to subframes; and

a transmit section that transmits the first and second PMIs

to the radio base station apparatus on PUSCH.

18. The mobile terminal device according to claim 17,
wherein the multiplexing section allocates the first PMI and
CQI corresponding to the first PMI to an identical subframe
and allocates the second PMI and CQI corresponding to the
second PMI to an identical subframe.

19. The mobile terminal device according to claim 17,
wherein the multiplexing section allocates the first PMI and
CQI corresponding to the first PMI to an identical subframe
and allocates the second PMI and CQI corresponding to a
Kronecker product between the first and second PMIs to an
identical subframe.

20. The mobile terminal device according to claim 17,
wherein the multiplexing section allocates the first and sec-
ond PMIs to an identical subframe and allocates the first PMI
and CQI corresponding to a Kronecker product between the
first and second PMIs to subframes.
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