DESCRIPTION Title of Invention ENCODI NG RATI O SETTI NG METHOD AND RADI O
COVMUNI CATI ON DEVI CE 5 Technical Field [0001] The present invention rel ates
to a coding rate setting met hod and a radi o communi cati on appar at us used
for a radio communi cation system using adaptive nodulation and the nmultiple
10i nput multiple output (MM technol ogy. Background Art [0002] For an
upl i nk channel of 3rd generati o@%&ﬁtngéNproj ect radi o access network
|l ong termevolution (3GPP RAN 15 LIE, hereinafter referred to as "LTE"),
si ngl e- dartt¢ exf {nmasmesi on is adapted to achieve a | ow peak to average
power ratio (PAPR). [0003] Further, for an LTE uplink channel, to achieve
hi gh t hEoNgHPItIN @daptR 48 Itbdul SETGhIN AVC: MdapHiAP nmoduNd? i onRahd 120
coding) is used so as to select the nodul ati on and codi ng schene (MCS)
pattern d OMBEGIN MEAIT deebd ¥igCdh t he channel quality indicator (CQ) of
each user. [0004] Further, introduction of the M MO systemis being
constdered to achieve higher transm ssion rate and to further 25 inprove
the efficiency of use of frequency. Introduction of a rank transm ssion
t echni quee ¢1sn d SIOF¢eN&i dered such as rank adaptation with which the rank
i ndi cation (the nunber of rank) is
[0001] The present invention relates to a coding rate setting
method and a radio communication apparatus used for a radio
communication system using adaptive modulation and the multiple

10 input multiple output (MIMO) technology.

Background Art

[0002] For an uplink channel of 3rd generation partnership

project radio access network long term evolution (3GPP RAN
15 LTE, hereinafter referred to as “LTE™), single-carrier

transmission is adapted to achieve a low peak to average power

ratio (PAPR).

[0003] Further, for an LTE uplink channel, to achieve high

throughput, adaptive modulation {(AMC: adaptive modulation and
20 coding) is used so as to select the modulation and coding scheme

(MCS) pattern for each user depending on the channel quality

indicator (CQI) of each user.

[0004] Further, introduction of the MIMO system 1is being

considered to achieve higher transmission rate and to further
25 improve the efficiency of use of frequency. Introduction of a

rank transmission technique is also considered such as rank

adaptation with which the rank indication (the number of rank) is



adaptively switched depending onthe status of a spatial propagation path to
further inprove transm ssion rate. [0005] Under these circunstances, an
agreenent is made to tine-nultiplex control information and user data using
the 5 physical uplink shared channel (PUSCH) of the sane subfrane so as to
mai ntai n | ow PAPR even when both control information and user data are
t ransni tadep tav et he swrechddre depeamdimE uph i nib &harigéks (seb Non-SPAtéht
Literature 1). [0006% The nunber of coded synbols, Q, of control
i nf or matyirerp attoo bep aih ttophexddrwimhrosertrdatsan | $8i9et rpesed on equati on 1.
[ 0007] [1]- Q@ = mn A PUSCH of/set 1010 data

[00605] Under these circumstances, an agreement is made to

time-multiplex control information and wuser data using the
5 physical uplink shared channel (PUSCH) of the same subframe so

as to maintain low PAPR even when both control information and

user data are transmitited at the same time in an LTE uplink

channel (see Non-Patent Literature 1).

{0006] The number of coded symbols, Q°, of control information

10  to be multiplexed with user data is set based on equation 1.

[0007]
[1]
: O :
Q' =min| | — e |, 4-M,, | =min(01,02)
10 0 .Rdam

... (Equation 1)
15 where [x] is an integer not greater than x, and min(x,y) is the
value of the smaller one of x and y.
{0008] In equation 1, M, is the number of subcarriers per
PUSCH subframe, and APUSCHoffset is a PUSCH offset which
varies per control information such as ACK/NACK, rank indicator
20  (RI), or CQI. APUSCHoffset is reported from a higher layer (sece
Non-Patent Literature 1).
[0009] O is the number of control information bits, and Ryata is
represented by equation 2.

[0010]



, 4Mb ,/ in(Ql, @) (Equation I) 15where rx1 is an integer not greater
than x, and mn(x,y) is the value of the smaller one of x and y. [0008]In
equation 1, M is the nunber of subcarriers per PUSCH subfrane, and
APUSCHof f set is a PUSCH offset which varies per control information such as
ACK/ NACK, rank indicator 20(Rl), or CQ .APUSCHoffset is reported froma

hi gher I{@Jer (see Non-Patent Literature 1). [0009]0 is the nunber of

cont rol information1 bits, and Rd ia is represented by equation 2. [0010]

[2] ?Z K
r=0

data ... (Bquation 2)
MSC‘N mb

In equation 2, K; is the number of bits on r-th block, C is the

number of blocks per PUSCH subframe, and Nyynp is the number

ol

of symbols per PUSCH subcarrier. The actual coding rate of user

data is obtained by dividing Ry, in equation 2 by the number of

bits per symbol, and is in proportion to Ryaa in equation 2.

Accordingly, Rgata in equation 2 will be herecinafter referred to as

“user data coding rate.”

10 [0011! In equation 1, Q1 is the number of coded symbols of
control information that is set based on the number of control
information bits O, user data coding rate Rgaia, and PUSCH offset
APUSCHoffset, per control information. Q2 is the upper limit
value of the number of coded symbols of control information. As

15 shown in equation 1, the number of coded symbols of control
information, Q', is set by the smaller one of the number of
symbols Q1 and upper limit value Q2.

[0012] Here, equation | is modified to provide equation 3. As
is the case with Rgaa in equation 2, the actual coding rate of

20 control information is obtained by dividing Rionire; in equation 3

by the number of bits per symbol, and is in proportion to Risatroi

in equation 3. Accordingly, Riontror in equation 3 will be
hereinafter referred to as “control information coding rate {coding
rate of control information).”

25  [0013]



C. -1 Kr r=0 R data (Equation 2) sesynb In equation 2, Kr is the nunber of
bits on r-th block, Cis the nunber of blocks per PUSCH subfranme, and
Nsynii, is the nunber 5 of synbols per PUSCH subcarrier. The actual coding
rate of user data is obtained by dividing Rdata n equation 2 by the nunber
of bits per synbol, and is in proportion to Rdata in equation 2.

Accordi iglly, RdaLa in equation 2 will be hereinafter referred to as "user
data coding rate."” 10[0011]In equation 1, QL is the nunber of coded synbols
of control information that is set based ¢on the nunber of control
information bits 0, user data coding rate|Rdaia, and PUSCH of f set
APUSCHof f set, per control information. Q2jis the upper Iimt value of the
nunber of coded synbols of control information. As 15 shown in equation 1,
the nunber of cgded synbols gf controlginformatjon, is set by the

Q,
smal | er Bpg,,of then s—ﬁ%aa & oppldtl, R2i t val ue Q.
is nodified|td ¥rovide equation 3.As is the case

[ 0012] Her e, eqdation

with Rdata in equation|2, the actual coding rate of 20 control information
i s obtained by dividi Rec*t'rol im equation 3 by the nunber of bits per
synbol, and is in propofpion t.g Rcontrol ijn equation 3. Accordingly,
Reontrol in equation Wl be H&teinaftef referred to as "control
information coding rate (coding rate of control information)." 25[0013]

[ 3] ... (Equation 3)

where fx_i is an integer not greater than x, and max(x,y) is thel
5 value of the greater one of x and y. In eqguation 3, R1 is the
coding rate that is set based on user data coding rate Ryaia and
PUSCH offset, APUSCHoffset, per control information. R2 is the
lower limit value of control information coding rate Rioniros- As
is shown in equation 3, control information coding rate Rigniror 18
10  set to the value of the greater value of coding rate R1 and lower
limit value R2. A case will be described below where coding
rate R1 is greater than Ilower limit value R2, and control
information coding rate Roontro1 15 set as coding rate R1I.
[06014] In this <c¢ase, in equation 3, when PUSCH offset
15 APUSCHoffset is greater than 0, control information coding rate
Rconirol 1S s5et lower than user data coding rate Rgaa. Generally,
unlike wuser data, control information is not retransmitted.
Therefore, by setting PUSCH offset APUSCHoffset, to be greater
than 0 and using equation 3, it is possible to lower control
20 information coding rate Rcontrol than user data coding rate Ry to

enhance the capability of error correction of control information.



(Equation 3) where rzi is an integer not greater than x, and max(X,y)
is the value of the greater one of x and y. In equation 3, R is the coding
rate that is set based on user data coding rate Rdata and PUSCH of f set,
APUSCHof f set, per control information. R2 is the lower Iimt val ue of
control information coding rate Rcontrol As is shown in equation 3, control
i nf or matG drteouilngstrate Rconiroi is 10set to the value of the greater val ue
of coding rate R and lower linmt value R2. A case will be described bel ow
where codpngPratet Riitesagrigater than lower linit value R2, and control
information coding rate Rcontrol is set as coding rate RI. [0014]In this
case, irnM0dguati on 3, when PUSCH of f set 15APUSCHof fset is greater than O,
control information coding rate Rcontfol is set |ower than user data coding
rate Rdava@Gdneral ly, unlike user data, control information is not
retransmtted. Therefore, by setting PUSCH of fset APUSCHof fset, to be
greater Y@GaP 0T 4nd @ilrkg etuabi, b p3inkt trsnppssi bileatnelowendcontrtodi
20i nformation coding rate Reontroi than user data coding rate Rdata to
enhance itnferasgrabml"ity of error correction of control information.
Citation List

Summary of Invention
Technical Problem
10 {00167 However, when control information coding rate Reontrer 18
set simply by using only user data coding rate Rga:s and PUSCH
offset APUSCHoffset, per control information, there 1is a
possibility that adaptive modulation is applied depending on a
channel quality indicator of wuser, and efficiency of control

15 information transmission is decreased when rank indication of a

data channel (hereinafter referred to as “data CH”) in which user
data is transmitted, is transmitted.

[0017] For example, when rank 2 is applied to a data CH and
reception quality is deteriorated due to interference between

20 streams (inter-stream interference), in adaptive modulation, user

data MCS is lowered and user data coding rate Ry, is set lower
to prevent the decrease in the efficiency of transmission due to
deteriorated reception quality.

[0018] In such a case where user data MCS is lowered by

25 adaptive modulation, if control information coding rate Rioniror 18

set based on equation 3, control information coding rate Rcontrol

may be set excessively low. As a result of this, for example,



Non- Patent Literature [0015] NPL1 3GPP TS 36.212 v8.4.0,"Uplink transport
channel s and control in Summary of Invention Technical Problem

10[ 0016] However, when control information coding rate Reowtroi is set
sinmply by using only user data coding rate Rdata and PUSCH of f set
APUSCHof f set, per control information, there is a possibility that adaptive
nodul at ot sWhAgpl itbg depkndnficdnioa cHamnélordaali¢yannal catoreismitger, and
efficiency of control 15 information transm ssion is_decreased when rank

i ndi cat ireeofed tat aschammdirof hertéi hafitter whetbr coditrel asn fematioHr ) i n
‘which user data is transmtted, is transmtted. [0017] For exanpl e, when
rank 2 itsaappliiteekdt osandattaaGrimanticd ecapt itbe qoatiely G detrert srdtedt due to
interference between 20 streans (inter-stream nterference), in adaptive
nmodul at iten, thiser infltvee M3S it | oweeelk ramd eus dretdfaten codirngnrat ecRddral i s set
| ower to prevent the decrease in the efficiency of transm ssion due to

det efi oriatfedmracept ioremual é¢d yat §OON8ET e sdicte aatast® Weore cusessdatlly MCS i s
| ower ed by 25adaptive nodulation, if control information coding rate

Reont r olhiigh sefudlased athcegdiaté onl o3y eciong r alhd nfedif haiteinary cadi ngomat el
Rcontrol may be set excessively low As a result of this, for exanple, even
when t henrfank dtidincatdmymodsiancont rol channel (hereinafter referred to as
"control CH'), in which control information is transmtted, is not

t ransmi tjtoad, 9 andid hei €@ntorfolth €Habs vieqt isuly atteredotbeahnblbyenceo 6f the

i nterference between streans, control

present invention to provide a coding rate setting method and a
10 radio communication apparatus that «can prevent control
information from being encoded at an excessively low coding rate

and can suppress the decrease in the efficiency of control

information transmission.

15 Solution to Problem
[0020] A coding rate setting method according to the present
invention sets a user data coding rate to be adaptively set
according to a channel quality indicator of a user as a reference
value, corrects the reference value based on a type of control

20 information to be time-multiplexed with the user data and a rank
indication of a data channel in which the user data is transmitted,
and
sets the corrected reference value as a control information coding
rate.

25 [0021] A radio communication apparatus according to the
present invention comprises a coding rate obtaining section that

sets a user data coding rate to be adaptively set according to a



5 information is encoded at a | ower coding rate to have excessively high
quality, therefore lowering the efficiency of control information

transm ssion. [0019]1n view of the above, it is therefore an object of the
present invention to provide a coding rate setting nethod and a 10 radio
communi cati on apparatus that can prevent control information from being
encoded dtamrelexoedst yelndilcano codf g usatre aand cafesuppy egd ueheo déergase i n
the efficiency of control information transm ssion. 15Solution to Problem

[ 0020] A thedi ngfemtmee ssetvtailng meo hioek tacdcobdised t ont he prasentofi neentioh sets
a user data coding rate to be adaptively set according to a channel quality
i ndi cat dnfotnmtisar t@asb @ tiefementiepvak ud, wiohrdot st tdredrnéd eamdice naalkue
based on a type of control 20 information to be tinme-nultiplexed wth the
user datiaddpdtiood atkai ddi<athiaam «f i@ whi ah cthaenneleri damhichrbhemiseeddata i s
transmtted, and sets the corrected reference value as a control

i nf opmatdon €odi don fratlei n A{MORLIA chalding ¢etmunincatinosnap@anat 8scai@aor di ng
to the present invention conprises a coding rate obtaining section that

sets a uger datecgedi ngvg atenttecbe iadapiiameby Sehsadcardli ndet ocantehiinne
quality indicator of a user as a reference value, obtains the reference

val ue carifeehedibaseddongadtype of control information to be
time-multiplexed with the user data and a rank indication of a data channel

in which the user data is transmtted, 5 as a the control information
coding rate, and an encodi ng section that encodes the control information

based onatihen¢QRELAl ERfOEI@biram cartipg rate. Advantageous Effects of
| nventi on

10 [0022] According to the present invention, it is possible to

prevent control information from being encoded at an excessively

low coding rate, and suppress the decrease in the efficiency of

control information transmission.

15 Brief Description of Drawings
[0023]
FIG.1 is a block diagram showing a main configuration of a
terminal according to Embodiment 1 of the present invention;
FIG.2 is a block diagram showing a main configuration of a
20 coding rate setting secction according to Embodiment 1 of the
present invention;
FI1IG.3 shows an example of a rank information offset table
according to Embodiment 1 of the present invention;
FIG.4 shows another example of a rank information offset
25 table according to Embodiment 1 of the present invention;
FI1G.5 is a block diagram showing a main configuration of a

terminal according to Embodiment 2 of the present invention;



10[ 0022] According to the present invention, it is possible to prevent
control information from being encoded at an excessively | ow coding rate,
and suppress the decrease in the efficiency of control information

transm ssion. 15Brief Description of Drawings [0023] FIG 1 is a bl ock

di agram showi ng a main configuration of a term nal according to Enbodi nent

| of the presdntGitientitdmck diagram showdn@ 2 hsia bbocfkgdratgranp$howi ng a
mai n configuration of a 20coding rate setting section according to

Enbodi mentdib pfrdtiee sptésent sentvient i ongording to FEG Bodhowntal ex@ingie of a
rank information offset table according to Enbodi nent | of the present

i nventi giresent invention;FI G 4 shows anot her exanple of a rank information
of fset 25tabl e according to Enbodi nent 1 of the present invention; FIG5 is
a bl ock di agramGhowmgwa aai ox eonflicgufad iramiofi ndotarati oal o afcar daie t o

Enbodi nent 2 of the present invention; FIG6 is a block diagram
showbng @& d@idd n@ond iwibatd iamne 0f 2ac¢adiengreatat dattedngosecti on according to
Enbodi ment 2 of the present invention; FI G 7 shows an exanpl e

of a rank infarnats osh ®kfksehottabl eebamgaedodgat pa Habiatioreni tid nofo fithet
present invention; FIG 8 shows another exanple of a rank information offset

tabl e aceendi e dalibbedi BRto &iMknt e oy @s&HrdsRyi@ntivtitiaRnd and  FIG9
shows yet another exanple of a rank information offset table according to

Enbodi ment 2 of iGhe presantyéNVeMsidd: example of a rank information

offset table according to Embodiment 2 of the present invention.

10
Description of Embodiments
[0024] Now, embodiments of the present invention will be
described in detail with reference to the accompanying drawings.
[0025] (Embodiment 1)

15 A case will be described here with the present embodiment

where a control information coding rate i1s set by a offset
corresponding to a rank indication of a data CH in which user
data is transmitted, when adaptive modulation is applied
according to a channel quality indicator of a wuser. Control
20  information may include ACK/NACK, RI, and CQI, for example,
and is time-multiplexed with user data to be transmitted from a
terminal apparatus (hereinafter referred to as “terminal”™) to a
base station apparatus (hereinafter referred to as “base station”).
[0026] The control information coding rate can be sct either at a
25 base station or at a terminal. A case will be described below
where the control information coding rate is set at a terminal.

[0027] FIG.1 is a block diagram showing a main configuration



10 Description of Enbodi nents [0024] Now, enbodi nents of the present
invention will be described in detail with reference to the acconpanyi ng
drawi ngs. [0025] (Enbodi nent 1) 15A case will be described here with the
present enbodi nent where a control information coding rate is set by a

of fset corresponding to a rank indication of a data .CH in \Aﬂicr%oltger dat a
is trandri tt dET RS AGSPTAVRENBAUFAT | BRE SR hpphPed g edtdi g ol @ thannel
quality indicator of a user. Control 20 information may include ACK/ NACK,
R, andreoriving wsaiphe,! ldhe i dermidahul PPpreserrifiethTader 6214 18 e
transmtted froma term nal apparatus (hereinafter referred to_as .

"term naletyien ll base cdiamredi apal atrgs ¢ her si Rt en | dPerfed K OUALET pase
station"). [0026] The control information coding rate can be set either at
a 25basdrspaféom oFFA) acttion rlal 3 .Apcape owitl o nbea tiestiti Bed 1 D8l HHFWiere t he
control information coding rate is set at a termnal. [OOZ?L FIG1l is a

bl ock dildg.amishrond nkptdomai needifi gurlati oan dof d& croakimignas eaeicwt diliPto t he
present enbodinent.In FIG 1, receiving section 110 of term nal 100

conpri s&unthdiro necdi Ming, stotisoniddidn cyetiiomr &é20x ¢ CPyermabel nd Ydecti on
112, fast Fourier transform (FFT) section 113, propagation path estimation
secti on & pdisaenoadimg | ontsesttitong138ctionmd d8dod cosldnigorr 2t €6 s efFimither, in
FIG 1, transmi ssion section 120 of term nal 100 conprises coding rate
setting ssecioonl22], coddhpgmatel setom ngcsechi did 31220 ddodi myo dudiatiatmi on
section 123, coding nodul ation section 124, channel nultiplexing section
125, di serceten Foodi, echi@trednsf ortip $px aad- GFONo@DHT2 5 GHBWY esectbomidi26, CP
addi ng section 127, and radi o transm ssion section 128. [0028] Radi o

recebVvi ngage€si@nspttad cOMEBM s(BFTeceDEDM) gpattion 126, CP adding

section 127, and radio transmission section 128,

[0028] Radio receiving section 111 converts a received signal
received via an antenna to a baseband signal, and outputs the
baseband signal to CP removing section 112,

15 [0029] CP removing section 112 removes a cyclic prefix (CP)
from the baseband signal output from radio receiving section 111
and outputs, as a time domain signal, the baseband signal without
a CP to FFT section 113.

[0030] FFT section 113 obtains a frequency domain signal by

20 performing a fast Fourier transform on the time domain signal
output from CP removing section 112, and outputs the obtained
frequency domain signal to propagation path estimation section
114 and demodulation section 1135.
f0031] Propagation path estimation section 114 estimates the

25 propagation path environment of the received signal by using a
pilot signal contained in the frequency domain signal output from

FFT section 113, and outputs the estimation result, which is the



received via an antenna to a baseband signal, and outputs the baseband
signal to CP renoving section 112. 15[ 0029] CP renovi ng section 112 renoves
a cyclic prefix (CP) fromthe baseband signal output fromradi o receiving
section Il and outputs, as a time donmain signal, the baseband signal

wi thout a CF to FFT section 113. [0030] FFT section 113 obtains a frequency
domai n sighalatley p2Op perfiormipeg hachasto Four tep ft thengfesenvod simnali,nt® domai n
signal output from CP renoving section 112, and outputs the obtai ned
frequencietionailatsigralktien pr bpagati on path estimation section 114 and
denodul ati on section 115. [0031] Propagation path estimation section 114
estimat g00he] 2D pnodadaticon pathicanviddnrergliet taheprecegvednsi gndl by
using a pilot signal contained in the frequency domain signal output from
FFT sectd i pkh3atoing wutiputes pdia est immtfirenqureesul tdomhishsigndhevhiedt i mat ed
propagati on path environment of the received signal, to denodul ation

sect 5on ik15uthP03I2) Bemradul atdtopnseesi armdl ¥bo apm i &sh ahpr pplagas i gare Ipad h
conpensation with respect to the frequency donain signal which is output
from FFTsspekie@n Bd3ed and fyomnmhinghibherpidiat ositgnal fricsmr proyagdatiased on
the estimation result output from propagation path estimtion section 114.
Furt her, , glamdyl Atait o sestiion 115 denpguthatresd Ehe JwrGUenCY e doirmi N 15 gnal
after propagation path conpensation based on the sane MCS as used at the
base Sta&él%'?ﬁdtﬂl(ﬁteé-ﬁlqtﬂ%q&%f@h@ﬁhol@i§ﬁﬁ'?”§ft%@dp999|a§9tf@ﬁ agic. to
obtain a denodul ated signal, and outputs the obtained denodul ated signal to

decodi ng. $QGtdr% 1148 1 4 083 Pagdisngh S8GTUPM 5116 @0k f @GleS bAEEOE S tYbh D
respect to the denodul ated signal output from denodul ati on section 115, to

15 ehtain.a t%gcggﬁple $1 908 ati THERchdeE0di 9 SEEH P1a116 axt raciohtaisom the
obt ai ned1 decoded signal, Information such as an information data sequence,

the nunb fq.pi per (o] r . er : C i i St me M,
t he nunb(gémg)fd@fﬁggl glgplgéri’sé gar(')ruitt rﬁtlglgtl syr{r)tl)),qfaéﬁI%%S%%Imo(ﬁgleﬁ%daﬁgggégata CH

rank 20 Jjndi cati. u r of a rank for a data CH). Information about
M and Oy%%gr&éggeéégﬁo a\rI/thiir%ébl e values at a base station by being

adapt 1 vef g ipeul ALt ARGOLEL G o §he fe hbaps L ot Py b gL galy 400

Decodi ng" section 6 outputs e extrac nformati o e and Nsynb
0,00 A SRLULIGROE! LO0AE, R, TR PHPHIR POLREEECL Y, g
rat?SSet(H)pagﬁnseathié)cno gg'signa}.. Then, decoding section 116 extracts,
from the obtained decoded signal, information such as an
information data sequence, the number of bits per block K., the
number of subcarriers per subframe M;., the number of symbols
per subcarrier Ngymp, a PUSCH offset, and a data CH rank
20 indication (the number of a rank for a data CH). Information
about M,. and Nyyyp are set at favorable values at a base station
by being adaptively modulated according to the CQI transmitted
from terminal 100. Decoding section 116 outputs the extracted
information on K;, M. and Nsymp to coding rate setting seciion
25 121, and outputs the extracted information on the PUSCH offset

and the data CH rank indication to coding rate setting section

122,

10



Rdai a based on information on Kr, Ms, and Nsynb input from decodi ng section
116, based on equation 2.Coding rate setting section 121 outputs the set
user data coding rate Rdata to coding rate setting section 122 and codi ng
nodul ati on section 123. [0035] Coding rate setting section 122 sets control
information coding rate R,""iro, based on information on user data coding
rate RAdtE)34he PUSCHgofftsesetiang shetidat d 2QHseank sardiedt iord P ik er nal
configuration of coding rate setting section 122 and the 10net hod of
setting Rontr dlasiedf crmatdtorsoediony pat Kt :Mant rohdwiN dy e idgsdr iflsedh

| ater. Coding rate setting section 122 outputs the set control information
codi ng rédeoRiconieatliono 1dadi hgsedduhatiqontsect 2on T34.ing008363 Gadi nge

nodul ati on section 123 generates encoded data by 15encodi ng the input user
dat a baseg:t@ani nar mattbans orth wisen data dotd np diatge rRdnaRquipte ¢sdimgodi ng
rate setting section 121, and generates data CH transm ssion data by
modukat i mg et hettgepes aded nencadedd dad ain £adbdg 1 podud akicoivseicdd on 123
outputs the generated data CH transm ssion data to channel multipl exing

20sect i gudt%] [ 0037 hGodhng smdll @t ¢ @ftis@ctiinon sk24 generdt ¢sfenaadath dat a
by encoding control inforion based on coding rate R control output from

codi ng rai @i Setdat8gRSEG P ak22, oaneh genanal&s coNniveal deth taadisng sston data
by nodul ating the generated encoded data. 25Codi ng nodul ati on section 124
outputs ghe generatied Cc@NbrPdetCHand the data CH rank indication. The
internal configuration of coding rate setting section 122 and the
10 method of setting control information coding rate R'coniror Will be
described later. Coding rate setting section 122 outputs the set
control information coding rate R'epntror to coding modulation
section 124.
[0036] Coding modulation section 123 generates encoded data by
15 encoding the input user data based on information on user data
coding rate Rgu, output from coding rate setting section 121, and
generates data CH transmission data by modulating the generated
encoded data. Coding modulation section 123 outputs the
generated data CH transmission data to channel multiplexing
20 section 125.
[0037] Coding modulation section 124 generates encoded data by
enéoding control information based on coding rate R'iontror Output
from coding rate setting section 122, and generates control CH
transmission data by modulating the generated encoded data.
25 Coding modulation section 124 outputs the generated control CH
transmission data to channel multiplexing section 125,

[0038}7 Channel multiplexing section 125 time-multiplexes the

11



transm ssion data to channel nultiplexing section 125. [0038] Channel

mul tipl exi ng section 125 tine-nultiplexes the data CH transm ssion data
out put from codi ng nodul ati on section 123 and the control CH transm ssion
data out put from codi ng nodul ati on section 124, to generate nultipl exed
transm ssi on data. Channel nultiplexing section 125 outputs the multipl exed
5t r ansnidsgiaofl Hdtra nison iBETo 8- ©FBMoseet tofhir 426 ¢ o[ddo 39 prdu K tOEPIVE g ebiditon 126
obtains a frequency domain signal by performng a discrete Fourier

transf orl@3 DET)l ohet ke ntubl i pllextchnymnsiicssi dataaent put pitomr s dlannel

mul tipl exi ng section 125. DFT-s- OFDM section 126 maps the frequency 10domai n
si gnal emoduf atinsmi ssttimmsubdrriter g peefatenrsman tipheereske fizasts FdRsiiogy
transform (I FFT) on the mapped frequency donain signal to obtain a

transmi skitan détle meguenc ki phaxcli ogit pat S omhé 2dbteai tiped st tlansmivd 6i rolre xdat a
sequence to CP adding section 127. [0040] CP addi ng section 127 adds a CP to
t he sransahssiignidatdatalbo defUened IdudMpute cfti om DFT- s- OFDM secti on 126 by
duplicating the data in the end of a frame and inserting the duplicated

dat a i n [the deadDAf Tt HeO F Davie s eichi @@ch 2far amet oifn st he freansen sgi do ndaitna
sequence, and outputs the transm ssion data sequence with a CP as the
basebandighanaby perfaeindnir andisssétan Begtican t128s f2Gh 00BHRadio the
transm ssion section 128 converts the frequency with respect to the

basebandn g1 gpak xeut Auhn b 7OFk LM addiNgo 68861 Oft k2 7chBha et adiwl tip Beaiancy
bandw dth to obtain a transm ssion signal, and transmts the obtained

transm sgicQnosi gnas . vi apar-andpemas  2%0042] FIXG 2nispa bheckfrdiqagam
showi ng an internal configuration of coding rate setting section 122
accopdi ngh h@ihhei prepet £nbadisABRkion subcarrier, performs an inverse
fast Fourier transform (IFFT) on the mapped frequency domain
signal to obtain a transmission data sequence, and outputs the
obtained transmission data sequence to CP adding section 127.
[0040] CP adding section 127 adds a CP to the transmission data
15 sequence output from DFT-s-OFDM section 126 by duplicating the
data in the end of a frame and inserting the duplicated data in the
head of the frame, in each frame of the transmission data
sequence, and outputs the transmission data sequence with a CP as
the baseband signal, to radio transmission section 128.
20 [0041] Radio transmission section 128 converts the frequency
with respect to the baseband signal output from CP adding section
127 into radio frequency bandwidth to obtain a transmission
signal, and transmits the obtained transmission signal via an
antenna.
25  [0042] FIG.2 is a block diagram showing an internal

configuration of coding rate setting section 122 according to the

present embodiment.

12



[ 0043] Rank i nformation offset obtaining section 1221 stores rank
information offset table 1222 inside, and obtains rank offset ARANKoffset
fromrank information table 1222 corresponding to the data CH rank
i ndi cation. Rank information offset table 1222 5 will be explained later.
Rank information of fset obtaining section 1221 outputs the obtained rank
of f set ARAMKJf f sRantko imddirngti ane oddbetl abtapigert sortid223.27 D04431@sdi ng
rate cal cul ating section 1223 sets control information coding rate
R contr eknasefo non atisen «bisat cadilegl 2a2eid i d Rdand, oPUSGH olfideo fset
APUSCHof f set and rank of fset ARANKof fset, corresponding to the data CH rank
i ndi cat i/oRmA NMEsadson Reuat i Ok 4in foRedbli ofltable R 22Ontpotespondimpxto 0 4M
= mx(R 1, R 2)

the data CH rank indication. Rank information offset table 1222

5 will be explained Ilater. Rank information offset obtaining
section 1221 outputs the obtained rank offset ARANKoffset fo
coding rate calculating section 1223,

[0044] Coding rate calculating section 1223 sets control
information coding rate R'contro; based on user data coding rate

10 Rygats, PUSCH offset APUSCHoffset and rank offset ARANKoffset,

corresponding to the data CH rank indication, based on equation

4.
10045]
[4]
R o = 2 = max 0 , 9\ max(R'I,RQ)
15 Q 4- Msc
O
e
10 10 R

data

... (Equation 4)

where ]-ﬂ is an integer not greater than x, and max(x,y) is the
value of the greater one of x and y.

20 In equation 4, R’1 is a coding rate that is set based on user data
coding rate Ry, PUSCH offset per control information which is

defined as APUSCHoffset, and rank offset corresponding to the

13



A PUSCH, A RANK offset taoffiet 10 Rdata ... (Equation 4) whereis an

I nteger not greater than x, and max(x,y) is the value of the greater one of
x and y. 20ln equation 4, Rl is a coding rate that is set based on user
data coding rate Rdaia, PUSCH offset per control information which is
defined as APUSCHof f set, and rank offset corresponding to the data CH rank
i ndi cat idontawWdilt hrd sk defdiradi @s ARANKOf § sbifinRP aiss Ah&NIOwefsdti.m R3/al ue of
control information coding rate RicOnt[01 A case will be described bel ow
where cadi nger ateew B | lisigr eatlare tdhénchbowes! | inférmalen Rcd,diagd cort r ol

I nformati on 5coding rate Rcontiol is set as coding rate R 1. [0046] Furt her,
i n equatR'Qp,4,;.0 IS ddie Ruithebeod ecoribred below where coding rate R’1

is greater than lower limit value R’2, and control information
5 coding rate Rconrro) 15 set as coding rate R’1.

[0046] Further, in equation 4, O 1is the number of control

information bits and Q’ is the number of coded symbols of control

information. The number of coded symbols of control

information Q’ is represented by equation 5.

10 [0047]

[5]

/— -1
O
P .
O'=min) | > M
10 .

\_ 10 Ra’am

... {Equation 5}
where [x| is an integer not greater than x, and min(x,y) is the
15 value of the smaller one of x and y. As is obvious in equation 4,
according to the present embodiment, by correcting user data
coding rate Riata using PUSCH offset APUSCHoffset,
corresponding to a type of control information and rank offset
ARANKoffset, corresponding to a data CH rank indication, it is
20 possible to set the corrected user data coding rate as control
information coding rate R'control- In other words, by setting the
user data coding rate Rgaa, to be adaptively set according to the
user CQI, as a reference value, and by correcting the reference

value based on PUSCH offset APUSCHoffset, corresponding to the

14



information bits and Q is the nunber of coded synbols of contro

i nformati on. The nunber of coded synbols of control information Q is
represented by equation 5. 10[0047] [5] ( 1010 Rdata ... (Equation 5)
where H is an integer not greater than x, and mn(x,y) is the 15 val ue of
the smaller one of x and y. As is obvious in equation 4, according to the
present temrodbifentqnfry lcorn Botm ag auser addt ar xoldi nyf fisat e ARBaH Kusifsgt PUSCH
of f set APUSCHof f set, corresponding to a type of control information and
rank of fa@atrcARANIGohifzsed ,t heodmes pORidiragkt on &i ceti anCHtr sk oisndb batticongt it is
20possible to set the corrected user data coding rate as control

i nf or matthen coedebge d ateefcReaent valluknaet bentwol dafobyn agédhi ngdihe wvser data
coding rate Rdaia, to be adaptively set according to the user CQ, as a
reference yalye, and by correcting the reference val ue based on PUSCH
of f set APUSCHof f set, corresponding to the type of control information, and

r ank 5 of f3g14 HRANKGS fIBET,C HOrd f3RONAIMQ SITH b igs etat o G sihankd iinndi wat iton, it
is possible to set
type of control information, AHARQ-ACK is used when control
information is HARQ-ACK, ARI is used when control information
is RI, and ACQI is used when control information is CQI, for
example. An offset corresponding to the type of control
10 information such as AHARQ-ACK, ARI, and ACQI! is reported
from a base station via a higher layer (see Non-Patent Literature
1).
[0049] FIG.3 shows an example of rank information offset table
1222 stored inside the rank information offset obtaining section
15 1221. According to the present embodiment, rank information
offset table 1222 stores rank offset, ARANKoffset, of a greater
value for a data CH rank indication of a greater value. For
example, in rank information offset table 1222 in FIG.3, rank
offsets ARANKoffset, are set at from a to z in ascending order of
20 data CH rank indications, and ARANKoffset values of from a to z
are set to satisfy z > ... > b> a.
[0050] As described above, by setting rank offset ARANKoffset
of a greater value for the data CH rank indication of a greater
value, it is possible to correct control information coding rate
25 R'sontror, to be obtained based on equation 4, to become higher

when the data CH rank indication is greater.

[0051] Generally, the influence of interference between streams

15



the corrected reference value as control information coding rate Rtcontroi
5[ 0048] As PUSCH of f set APUSCHof f set corresponding to the type of control

i nformati on, AHARQ ACK is used when control infornmation is HARQ ACK, ARl is
used when control information is RI, and ACQ is used when control
information is CQ, for exanple. An offset corresponding to the type of
control Hdkcdmfeor gathorr suwhlknas AHARQ IAK caARMn andgAOCQeri.s dmortfedef rom a
base station via a higher |ayer (see No Patent Literature 1). [0049]FIG 3
shows anvexanpl éanf CHnkahkf ordiaidtdonnof§ det gkabilne ali232 i st omedit lrgi de, t he
rank information offset obtaining section 15 1221. According to the present
enbodi mander dank MIUfOrigeltdwar o fiseknkabkerck23 ishogealitank dfifsgets, in
ARANKof f set, of a greater value for a data CH rank indication of a greater

val ue. Fkafa@xarpl®odiudatiank ivdar nbdion odfiset raebl R, 122251 BeFl B Bers ank
of fsets ARANKoffset, are set at froma to z 1 n ascendi ng order of 20data CH

ranksi ndi g@hi Qnglatand HARANKef fis@ic Mabuess of r 41 anld theariefheéndé® satisfy
z >> b> a. [0050] As described above, by setting rank offset ARANKoffset of

a great gnivarseedQf e daf a1 hhanks ippdueation of a greater value, it is
possible to correct control information coding rate 25RTeontroi, to be

obt ai neq dapsef onhedudliOnid, (KO becoren bighesemhrn at be ddatar &2 rRnk,

indication is greater. [0051] Generally, the influence of interference
bet ween ;st [ £ANE w HECRNESa PIiGAL &F o WHEL iR o, 2R dNdheat b RPrdISinformation

greater. Therefore,
coding rate is set using only PUSCH offset, APUSCHoffset, per
10 control information, based on equation 3, for example, the control
information coding rate is set further lower than user data coding
rate Raate. Accordingly, there is a possibility that control
information is encoded at an excessively low coding rate.
[0053] In contrast, according to the present embodiment, the
15 control information coding rate is set by equation 4 using rank
offset, ARANKoffset, of a greater value for a data CH rank
indication of a greater value, in addition to an offset per control
information. By this means, the control information coding rate
is corrected higher when the data CH rank indication is greater,
20 and it is possible to prevent the control information coding rate
from being set excessively low. In this way, according to the
present embodiment, it is possible to obtain the control
information coding rate by correcting the user data coding rate,
based on the difference of the influence of interference between
25 streams that a data CH suffers and the influence of interference

between streams that a control CH suffers.

[0054] As described above, according to the present
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when a data CH rank indication is large, in adaptive nodul ati on, user data
MCS is lowered to ensure reception quality.That is, in adaptive nodul ati on,
user data coding rate Rdata is set |ower, 5when a data CH rank indication
is greater and the influence of interference between streans is greater.

[ 0052] Therefore, in the case where user data coding rate Rdata is set |ower
i n adaptamvbodooid mt,i ondi mgerntehee gonir ot ciinfrodel icomreoth nger anbug o Ket
usi ng only PUSCH of fset, APUSCHof fset, per 10 control information, based
on equatthen erf atatexanplieg thaecdnt riad kdéiptinatliyors dodigp rddne ite set
further |ower than user data coding rate Rdata Accordingly, there is a
possi bi IdHan 4 dlatq w0ty aln dirfaoo mad f an dserencosed ab Hne exgassifveby ttow
coding rate. [0053]In contrast, according to the present enbodi nent, the

15cont r gh foRhortrehi @8 tedingcratdtisl &edd byichuateonddtasimg rtenk aoflf set
ARANKof f set, of a greater value for a data CH rank indication of a greater

val ug, iipdaddiid®ntt e @ Oseln peti doRlsedl danf 05 ebhemitBydt hinsl seans, the
control information coding rate is corrected higher when the data CH rank

i ndi cat 1R icSrgEeBE&rvaldRand thei opPssiblte Le PHevanitieietdtmotion
information coding rate from being set excessively low In this way,

accordi ng, it g hea iy esantaenodi 9Bk gi bais POgshbl etoidPt app thes cand r ol
information coding rate by correcting the user data coding rate, based on

fjhe di ff&f:ﬁﬂ%tgfcéh?n'gn{dtteevgeb@fa&%ﬁrvfe@?egsxe RetyRERm 255t 5 eaEn kbRt a
ata CH suffers and the influence of interference
guality indicator of a user, as a reference value, corrects the
10 reference value based on the type of control information to be
time-multiplexed with user data and the rank indication of a data
CH in which user data. is transmitted, and sets the corrected
reference value as the control information coding rate. For
example, coding rate setting section 122 sets control information
15 coding rate R'contror to be time-multiplexed with user data, based
on user data coding rate Rgata, PUSCH offset APUSCHoffset, per
control information, and rank offset ARANKoffset, corresponding
to a data CH rank indication, based on equation 4.
I0055] In this way, according to the present embodiment, the
26 value of the user data coding rate is corrected based on the type
of control information and the data CH rank indication, and the
corrected value of the c¢oding rate 1is set as the control
information coding rate. By this mecans, even when the rank
indication of a data CH in which user data is transmitted is
25 greater and the user data coding rate is set lower in adaptive
modulation, it is possible to prevent the control information

coding rate from being set excessively low and suppress the
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bet ween streans that a control CH suffers.

[ 0054] Asdescri bedabove, accor di ngt ot hepresent enbodi nent, coding rate
setting section 122 corrects the value of the user data coding rate to be
adaptively set according to a channel quality indicator of a user, based on
the type of control information to be tinme-nultiplexed with user data and
the rankjdxrendieCad itr offiai et a Hciom twhbi Al fuseratdahatias stoi Bndoint t ed, and
sets the corrected value of the coding rate as the control information

codi ng r[@toesa]ThaFulr$hef:ooBfgcbat@ctsatgt i e sech il liaZoseistibhe duskmedat a
coding rate to be adaptively set according to a channel quality indicator

of a usghieafy HdEfBLeRcen¥AlWBenCArages SCHhe R 1eériance valgeahased on
the type of control information to be tinme-nultiplexed with user data and

the ranki ndicaldigneotoac §atd tCeh bNvitheho WSl e 0@l @ | Ba ol RIBITnlgt 8die and
sets the corrected reference value as the control information coding rate.

For exanp| &g Gadi MG rdqtf?els&tée N $8¢t amtﬂé&ée&s 1G0REF Qe i ¥ TBLd QN

15coding rate R otrol be tinme-multiplexed with user data, based cn on

user datg,.cofid D90 b pld Rggté ¢ RUSEHrof § sela APPSGHetbset o@qrnt%s)meqtce

i nformation, and ran set ARANKof fset, corresponding to a data CH rank

| ndi cat iy Oétwé)@ﬁegtr%%nﬁglt% 10} éonE?@ﬁ‘rdﬂ{n shifeSr ey, Qgcﬂf ANngihe Lher

present enbodi nment  val ue t he user data coding rate Is corrected

based ony tihe {yps 1%@&%5&%@%&% rank, i ndjcation,

glg act%ntar Olt (ﬁjw_r{%
and t he correcte lue o e co ng rate i s set as t e control
| nformatj.on, mﬁfggnt%lfsateev I?ywm'nstﬂ%att%metgpa 88 4 §& Jank, i pdi gl inp of a

data CH'im uséf data I's transmtted greater and the user data
COdI g rate i.s set n ad nDduI tion. SSi event
t he 'dont'®dl if gﬁ&rﬁﬁfﬁbnf%éal g??é g omye 0? %E?”@i%%@gtééﬁggt 9aR¥

suppr ess the decrease in th ci.enc of control, .inf tiqn

transni ssi'6h bfﬁb%fﬂfifurtxﬁg ef}&olrrec%%{ngstlﬁg cor trho (Penn%r r?%tf%nt codi ng
rMetob one Frm@m g %H a Q%M|mtu;memer|t|s
possi bl € 6°b%??% Fﬂ§ V% 8 %?nf‘éoﬁsgﬁnﬁgtﬁ 688|ng rate, 5 based on the

di fference |an interf nce, bet we strea that he dat a
CH suffﬁrosoﬁﬂd Ciaﬁ? %?1 eped’f dler‘?tcéﬂggge‘ﬁégh g’t etFéla tlﬁ&ntta Tontrol
CH suffers, so as to.set the, us dat a. codi rate as.the co

i nf or rmt%rf:%ipﬁg PAES REE HEU e o T rﬁfgge&&%*%ﬁéﬂ tﬁgcglé) I¢d'a
coding rate is extre S p i.ble to t he contyol
i nf oPmats 6 c& ot Hy mggémraﬁéﬁpb%ﬁf&t featbl&ggiésv’ét t ihé "stfﬁb 8%t he
decrease in the eff|C|enc¥ of. control information tr nsm Sssi 0 _POS?]A
case haslsbéérf“él‘é%c?‘i’fb%ﬁt\ﬁl ¥hiehe aove ndnpadi fridhio s for example, "ro

ato z. Rank information offset obtaining section 1221, however,

may not store rank information offset table 1222, and may

calculate rank offset ARANKoffset based on the equation shown
20 as equation 6.

[6]

ARANKoffset = (rank indication - 1) X a (a is a constant)

. (Equation 6)

[0058] Further, it is not necessary to define the rank offset at a
25 different value for each rank indication, and it is possible to

define the same rank offset for a plurality of rank indications.

For example, it is possible to divide data channel rank indications
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an exanpl e where rank information offset obtaining section 1221 15 stores
rank information offset table 1222, in which the rank offset is defined
separately for each rank indication, for exanple, froma to z. Rank
information of fset obtaining section 1221, however, may not store rank
information offset table 1222, and may cal cul ate rank offset ARANKof fset
based onigfthe ae%Qltrla@ﬁ}S@NW'gl?cQﬁ;ss esiyatio@p §rin H] t ARANKO! fEiednn &l (Fak
indication - 1) x a (ais a constant) ... (Equation 6) [0058] Further, it is

not necessakYti®nsdehiing whereaekeahisel @hr@sl@émff@r@@t Mad uge Fafe each
rank indication, and it is possible to define the sane Tank offset for a

pl ural ity Of 691!"&]%*[' Y caldtoNse RN ©@%AMRhEs rinlati Sn PeSYiRLE Ma@cdiiyi dgt data
channel rank indications into a plurality of groups by conparlng the data

channel @il ngh eath osiidh aapkedphecningd ibhegshobdougl ve.ganddef i ne a
r ank offse so that the control information coding rate is set hlgher when -

a daga %‘sré‘l%w' %Cgtlt}o'ﬁf 'g)er]?%%*lng") é*pltsisg?ﬁ%%le 8 é@?i’if'e'a’ll':xla%lél for

exanpl e, |s possible tod i ne r ank sets at a(a>0) for the rank

oot gty 0 e inaren LRIR RS or e S cation 18

transnlt t mation 10coding rate is set based on a rank
of fset ¢ rres% gﬂ”{gn¥hﬂtg§ta CH rank indication. A case will be

descri bed hergA‘McLL‘etﬁ‘& %e’;'it srpedy ”Ih ﬁﬁ%dl%ngﬂtai %%Q*glfé}k

i ndi cation and a“gohttol CH Tank |nd|c i on e nunber of ran or a

control a data CH rank indication is transmitted, the control information

10 coding rate is set based on a rank offset corresponding to the data
CH rank indication. A case will be described here with the
present embodiment where, when a data CH rank indication and a
control CH rank indication (the number of a rand for a control
CH) are transmitted, the control information coding rate is set

15 based on the rank offset based on the combination of the data CH
rank indication and the control CH rank indication.

[0060] FIG.5 is a bloeck diagram showing a main configuration
of a terminal according to the present embodiment. | In a terminal
according to the present embodiment in FIG.5, parts that are the

20 same as in FIG.]l will be assigned the same reference numerals as .
in FIG.1 and overlapping explanations will be omitted. In FIG.5,
terminal 100a is provided with decoding section 116a and coding
rate setting section 122a instead of decoding section 116 and
coding rate setting sectien 122 in terminal 100 in FIG.1.

25 [0061] As is the case with Embodiment [, the control
information coding rate can be set either at a base station or at a

terminal. A case will be described below where the control
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CH) are transmtted, the control information coding rate is set 15based on
the rank offset based on the conbination of the data CH rank indication and
the control CH rank indication. [0060] FIG5 is a block diagram show ng a
mai n configuration of a term nal according to the present enbodinent.In a
term nal according to the present enbodinent in FIG5, parts that are the
20sane dsfonmftG 4 owdinpe adssisgned at hre tsamm nréf er ence nunmerals as in FIG 1
and overl appi ng explanations will be omtted.In FIGS, termnal 100a is
provi ded Mid dedbelé mdisgctsiconi dd6d l&ed ocbdamys r at el st d &g sseotril obyl22a

i nstead of decodi ng section 116 and coding rate setting section 122 in
term nalcdi@@citin FleGrots RbtH 0063 cAsci 8 dde odasetwil tdi glrdiodi hpemt fiomt he
control information coding rate can be set either at a base station or at a
term naldehodagetMd Ischei descr § bedr hehowd svhed in ¢ e caomt r bl 6 ai ol araras j on
coding rate is set at a termnal. [0062] Decodi ng section 116a obtains a

decoded miognalihy €pfdiecdd Ndeeloldyd Wighalespetdrhoat@ierpdid aled sirgnal
out put from denodul ati on section 115. Then, decoding section 116a extracts,

5from t he ebhaimned de¢epdedgekgnal ,thidfariBiiron fi Btdsugierg ban cknkqr nEtd on
data sequence, the nunber of bits per block K' the nunmber of subcarriers

per subfyap® M o rt beb BUIPRIT sOb csY OBBFSaRer MUbCask & | g mNsyiaf ke PUSCH

of fset, the data CH rank indication, and the control CH rank indication.

10[ 0063] ecodRgasecd o 116a ewputsside exffaatl edhienf @EmALICM rank
indication, and the control CH rank indication.

16 [0063] Decoding section 116a outputs the extracted information
on K;, M, and Ngymb to coding rate setting section 121, and
outputs information on the PUSCH offset, the data CH rank
indication and the control CH rank indication to coding rate
setting section 122a.

15 [0064] Coding rate setting section 122a sets control information
coding rate R'soniro) based on information on user data coding rate
Ryata, the PUSCH offset, and the combination of the data CH rank
indication and the control CH rank indication. The internal
configuration of coding rate setting section 122 and the method of

20 setting control information coding rate R'coniror will be explained
later. Coding rate setting section 122a outputs the set control
information coding rate R'contro; to coding modulation section 124,
[0065] FIG.6 1is a block diagram showing an internal
configuration of coding rate setting section 122a according to the

25 present embodiment.

[0066] Rank information offset obtaining section 1221a stores

rank information offset table 1222a inside, and obtains a rank

20



on Kr, M, and Nsynt, to coding rate setting section 121, and outputs
information on the PUSCH offset, the data CH rank indication and the
control CH rank indication to coding rate setting section 122a.

15[ 0064] Codi ng rate setting section 122a sets control information coding
rate R c001101 based on information on user data coding rate Rdata, the

PUSCH ofdgett /aRd N Re [geeb] ratkoap 6h dihg @at s eChb mdsik atheth caf ithe @unch t he
control CH rank indication. The internal configuration of coding rate

setting SHCtAAR kAR cando b hen Betod ooftr d0SEH! irag ke omd T tibAf ofroad iamkcodi ng
rate Rcontrol wll be explained |later. Coding rate setting section 122a

out put s it:g rg§LLti6aNtEBL ¢ | NhormAt | quagRAE AGo F ki Kh CORFE@ th®1e0diNIP a
nodul ati on section 124. [0065] FIG 6 is a bl ock diagram show ng an internal

confi gur@gjjon, of Godiangchiat e tset ti NMaskCt i:10M AR28 ACCOTdidg bBthheing
25present enbodi nent. [0066] Rank i nformation offset obtaining section 1221a

stores %k&é?f PhARLI QY tgfuf@eEh@a@i)?aiJn?e?dzaraiﬂ]@i S5 caNA RODNAL HBF 1 ik

of f set fset, corresponding to the conbination of the data CH rank

i”diCathQﬁHﬁﬂﬁrEh@cﬁﬁ@hﬁ?khl sk@afk,d ndigpgion, fromrank information table
[

1222a. Ran ormation offset table 1222a will be explained |ater.Rank

i nf or nat ffse inj S i 1 ‘DUt S obt ai hed r of f set
ARANNNWQggsfio cgggﬁg%ra%%Q%aﬁga+g??%g%52%€?%%%12%%23a[Oggg?cggpﬁggﬁatese

cal cul at.i ectiqn 2 ontrol j i i I
based orl WISEFEIPE" chaaNa BEE REMAS RPIORR AR SRR PRUEHE F IO,

of fset ARANKOBNSEkH 15kt PR IG £1Qet NEnGOPRRRAF AR A RUAR KGR oFH rank
10 corresponding to the combination of the data CH rank indication
and the control CH rank indication, based on equation 4.
[0068] FIG.7 shows an example of rank information offset table
12222 stored inside the rank information offset obtaining section
1221a. FIG.7 shows a case where the maximum rank indication
15 is 2. According to the present embodiment, rank information
offset table 1222a stores rank offsets ARANKoffset,
corresponding to the combinations of a data CH rank indication
and a control CH rank indication. The relationship between rank
offsets ARANKoffset and the combinations of a data CH rank
20 indication and a control CH rank indication will be described
below.
[0069] As shown in case #1 in FIG.7, when both the data CH
rank indication and the control CH rank indication are 1, both the
data CH and the control CH do not suffer interference between
256  streams. Therefore, when obtaining the control information

coding rate by correcting the user data coding rate, it is not

necessary to consider the difference of the influence of
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and the control CH rank indication, based on equation 4. [0068]FIG 7 shows
an exanple of rank information offset table 1222a stored inside the rank
information offset obtaining section 1221a.FI G 7 shows a case where the
maxi mum rank indication 15is 2. According to the present enbodi nent, rank
information offset table 1222a stores rank offsets ARANKoffset,

cor r espandi nfg item cteh & cionbé masiormnef thatlathe OMatank H nei Efarisors rehdt bee
control CH rank indication. The rel ationship between rank offsets

ARANKof fisé¢fuandet bé ¢onbifirateingrs oftvac ahat at:Gdmankhat tlagkcpndicht@dn and
the control CH rank indication are 1, both the data CH and the control CH
do not swffifersi nt&cteréncel petaveah odbn stnr eanse #Hhervehoneb owheth obd @iani ng
the control information coding rate by correcting the user data coding
rate, itCHsrook natiessasy 4modcthnsicdenrdhe i f4:ek enak caftid heasienfll, vemde of
interference between streans that the data CH suffers and the influence of
i nt erf erefree t LERVEE R Stiseans tbhatatt be Wartr ohnCH stfdtenR AAGEof fiatgly, as
shown in case #1, when both the data CH rank indication and the control CH
rank indj,cahieoBoate il infank Hiohf sedi ARANKGS feadhcidesetviak the Wahi mgank

of fset ARANKoffset is O, the control information coding rate coincides with

the codifagergdiss thatt e SRl oblaaqda(v[b@watl on 3. [ 0070] As shown in case
#2 in FIG 7, when the data CH rank indication is 1 and the control CH rank

i ndi catif@n16] 2, AQnk}obbh ciantd e i#d ormrat i@ sufhens thecapts o0 Hjualnk y
deterioration due to interference between streans. In this case, rank

of f set ARMYKakfSetid s1sehdatthe (@ProlBr BethhRg iARANKe!sets sTal éery t han
O, it is possible to set the control information coding rate obtained based

on egquatd 41! pmﬁfnﬁg%ﬂ he: rge s 1@l c dpth O NgLLON y19 cGOei NG ti dhed @bt &) ned
based on equation 3. By this neans, it is possible to enhance the
capabi | it} o0fe A Of @éﬁv@@&honsﬂfe&ﬁ’mrm Inf QR i @ase, rank offset
ARANKoffset is set at a (a<0). By setting ARANKoffset smaller
than 0, it is possible to set the control information coding rate
obtained based on equation 4 lower than the control information
15 coding rate obtained based on.equation 3. By this means, it is
possible to enhance the capability of error correction of control
information.
[0071] As shown in case #3 in FIG.7, when the data CH rank
indication is 2 and the control CH rank indication is 1, only user
20 data suffers recception quality deterioration due to interference
between streams. In this case, rank offset ARANKoffset is set at
b (b>0). By setting ARANKoffset greater than 0, it is possible to
set the control information coding rate obtained based on equation
4 higher than the control information coding rate obtained based
25 on equation 3. By this means, it is possible to prevent control

information from being encoded at an excessively low coding rate

and suppress the decrease in the efficiency of control information
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[0071] As shown in case #3 in FIG 7, when the data CH rank i ndi cation
is 2 and the control CH rank indication is 1, only user 20 data suffers
reception quality deterioration due to interference between streans. In
this case, rank of fset ARANKoffset is set at b (b>0). By setting
ARANKof f set greater than O, it is possible to set the control information
codi ng ratgsalikaieaed based on equation 4 higher than the control

i nformation codi ng rate obtai ned based 25 on equation 3. By this neans, it

i's possi[ble7d0 pAEVERbwaONtr @asienfror mat iTOIG fT.onv behngh endadedCal amk
excessively |l ow coding rate and suppress the decrease in the efficiency of

control jnRfiQaiRdd Qfhd thanssh & 00 H [ O2]iAd ishewwn idtecase dhh itheR&a7, when
the data CH rank indication and the control CH rank indication are 2, both

the dat a GHaand thke ceart s plc BHssYfTEerid et 8 f &F €0 Cee et WREPt &da@ans. lon 5t his
case, the influence of interference between streans i s considered to be

appr gxi rgtiel Yo gaual s ipet yeen dsed  dat aj ardrepph el o dHvoe dmt isQRe aMGCOrdi ngly,
as shown in case #4, when both the data CH rank indication and the control

CH rank Jndicati.an @f eve, Ay Maletd16) » eGR4I €BRANA I h9ek N ashi Ghitd 10
di fference of the influence of interférenCe between streans that the data

CH suf f &r s, g1 %H?omfa'tﬁg—ﬁce afc dthigyenge BeLweeN; St ELaRs sihat, e

control suffers int conmuni cati 6n” St atus between a base station and a

term naly o iis 361 98 GANKKO! {96k ARMIKQL[et When,jbe JpfkHenaeOlank

interference between 15streans that a data CH suffers and the influence of

interfekmgg?f&ﬁe%@ejtjﬁea{%tQ%tlgg ;@Ef%'o&'és %fd%gha{@ %Hgi!séiéﬁﬂk

of f set set M e set at is the case W case

[0073] F!&égggggg grofher; .xgopLe 9k ;M%géggmw‘%w %ﬁ}eé@g;ﬁ;@m

stored insi rank 1nformation of fset tal ning section .FIG 8
shows a{ %Sedzw"aer@Ht hseufﬁ%gwgmdr%ﬂié influence of interference between

streams that the control CH suffers in the communication status
between a base station and a terminal, is set as rank offset
ARANKoffset. -~When the influence of interference between
15 streams that a data CH suffers and the influence of interference
between streams that a control CH suffers are equal, rank offset
ARANKoffset may be set at 0, as is the case with case #1.
[0073] FIG.8 shows another example of rank information offset
table 1222a stored inside the rank information offset obtaining
20 section 1221a. FIG.8 shows a case where the maximum rank
indication is 4. The relationship between rank offset values
ARANKoffset and the combinations of a data CH rank indication
and a control CH rank indication will be described below. The
explanation for cases #1 to 4 in FIG.8 are the same as for cases
25 #1 to 4 in FIG.7, therefore the explanation will be omitted.
[0074] As shown in cases # 5 and 9 in FI1G.8 and as is the case

with case #2 in FIG.7, when the control CH rank indication is
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indication is 4. The relationship between rank of fset val ues ARANKof f set
and the conbinations of a data CH rank indication and a control CH rank
indication will be described bel ow. The explanation for cases #1 to 4 in
FIG 8 are the sane as for cases 25#1 to 4 in FIG 7, therefore the
explanation will be omtted. [0074] As shown in cases # 5 and 9 in F1G 8 and

as is thaeaase Wwhhh aase #dal ICH Gahk Whediddeoaontoalr &H faftk nhatiosat i on
is greater than the data CH rank indication, control information reception

quality r@%te%rﬂ@ﬁatc?§af@§/e sevaniekytdham yser dateael pcepidon ugeal i dysa due to
the difference of the influence of interference between streans. In this

case, ranl.offset fuARANKOf{zetid stset asMBd@lcd hal QheByirs@ubhke of
ARANKof f set “smal l er than O, it is possible to set the control information

codi ng rigte, phta Nied hasedeon eguation 4 lignerpihancife ceahkol deker mation
coding rate obtalned based on equation 3. By this neans, it is possible to

enhagce Aﬂ%zggp@@sleitf Ys O\E,\Ae_frgzﬂralf:&r rafid on 10 pof contpel Aoy RRifrep: In

t hi s case, exanpl e, en the greater absolute valué of rank offset

ARANKof fséiﬁlliesr P80 &5 Ep?s isigﬁert%q%leit%iecét)in(?f‘of $n 80Ba8 o & NAG e

control rank 1 ndication,” the control information coding rate becones

| ower asrattgeéﬁné%fn% rank cgndi,gat Egﬁait%&maﬁi lgp danit he cantrel, nGhrank 15
ere it I

i ndi cation. ore, i's possible to prevent the control infornmation

recept | o qual Lk, omiRel nd. del gL aral ofy L 90Z5] £5,3bam 4 casesy 6, 7

and 10- 12 he case with case #3°in Fl e data
L T T
O SEEPLLSMELILN Uy ok A e oLyl il o
901" SRLEL e 0, R LN SOt 92 Ok g URRIOL ol 340BRF 01 S
0 e T LD T SILETRL 80 SRiia L, Bl R R P g o
indication, the control information coding rate becomes lower as
the data CH rank indication is smaller than the control CH rank
15 indication. Therefore, it is possible to prevent the control
information reception quality from being deteriorated.
[0075] As shown in cases # 6, 7, and 10-12 in FIG.8 and as is
the case with case #3 in FIG.7, when the data CH rank indication
is greater than the control CH rank indication, the user data
20 reception quality deteriorates more severely than the control
information reception gquality due to the difference of the
influence of interference between streams. In this case, rank
offset ARANKoffset 1is set greater than 0. By setting
ARANKoffset greater tham 0, it is possible to set the control
25 information coding rate obtained based on equation 4 higher than

the control information coding rate obtained based on equation 3.

By this means, it is possible to prevent control information from
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bei ng encoded at an excessively |low coding rate and suppress the decrease
in the efficiency of control information transmssion. In this case, for
exanpl e, when the greater absolute value of rank of fset ARANKoffset is set
as the data CH rank indication is 5 greater than the control CH rank

i ndi cation, the control information coding rate becones higher as the data
CH rank g digigCalnicoti d & gr gat €x c ¢ har dlfel antbdlin gH 4@nk nidndugatrices. thAs a
result of this, it is possible to prevent control information from being

encoded @fc@hseXGassheel of ft O ncodi a1y £ aher AN nYWpRIAS S nt headOgdagkb@se i n
the efficiency of control information transm ssion. [0076] As shown in

cases # 1§ apds k3sieN £1GeR adlisl ASwiherl RBeCABEa Wit RbGASLt ¢4 d1R eFb & ranhen
the data CH rank indication and the control CH rank indication are equal ,

the influgnee afg AMeLiretence betwegn aideandat gl thexdahaiChisiifers and
the 15i nfluence of interference between streans that the control CH suffers

are gonsjdened to, pe appr oxdgmtely egualradid tibids cGgasen, agnhehowsnichocase
#4, when both the data CH rank indication and the control CH rank

i ndi cat i@gog;ﬁtﬁgﬂa'ao&hﬁg valye §gcantksl) ni SIPEF e3PORFLNG &t thA Sidaht

di fferen he i nfluence of 20 interference between streans that a data

CH suf f ar.g ;204 c%]rlﬂeisi %%%@Peth% itptechenenrec et wagn gl £3M% 4 haty @ control

CH suffers in the co ni cation status between a base station and a

term nal,, i g, S(?f Y %@kiyﬁéﬁ%ab@wogdgé%nt W&%ﬂ(}r%?eiﬂ%fr!rﬂgp%% Cffrog]f

interference between’ strea ata CH and the 25 influence

| nt o1 erends, ASRIy S 6ATBL LDRLINS 600t kalai SIS i 346 5PNl my ank

of fset A b IS the cadse wth cas

[ 00;6] Flcpécgr Sans%m?n yt%te %Eﬂth %rcﬁgf?mlo%t?;)sl ri?ﬁ‘égi{tgzitﬂaga{ljaq{hguﬁ%élzt abl e

1222a stored inside rank in Ion o e I ning section la.In

o SREPTL 53,30 PaetAANGRISRS L e {9, A BTl o

I
conbi natli-ons d ndicatiron and a contro I cation

ot 21K RO 00 L BgK P LB S O RIS TN AERLLG
CH rank (izonrggr% ti %nHan?‘agl € R E{:g!io%'_' re?rnek ienc(ijlilz(l:ﬁti We? Snrtuence of
interference between streams that the data CH suffers and the

15 influence of interference between streams that the control CH
suffers are considered to be approximately equal. In this case,

as shown in case #4, when both the data CH rank indication and

the control CH rank indication are equal, the value (g and 1),
corresponding to the slight difference of the influence of

20 interference between streams that a -data CH suffers and the
influence of interference between streams that a control CH
suffers in the communication status between a base station and a
terminal, is set as rank offset ARANKoffset. When the influence

of interference between streams that the data CH and the

25 influence of interference between streams that the control CH

suffers are equal, rank offset ARANKoffset may be set at 0, as is

the case with case #1.
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equal . The rel ati onship between the conbinations of a data CH 10rank
indication and a control CH rank indication and rank offset ARANKof f set
will be described below FIG 9 shows a case where the naxi mum rank
indication is 4, as is the case with FIG 8. [0078] As shown in case #1 in
FI G 9, when both the data CH 15rank indication and the control CH rank

i ndi catigmare 1r18obh shiaydatat Crnafilet hexaaiirol o CH gok not feuhberon
interference between streans. Further, when both the data CH rank

i ndi cat i PfFsand abile £ONbRLOk;&H d 3Rk § BTk GAL i{AToRke @aHab FANS 3beagnialg
greater, the influence of interference between streans that the data CH

suf fers gand,t he iinf | ugnce 1of of NLer { 8L LACR108EHRED (& CaR ANIRL bt
control CH su?fers are consideréd to be approximately equal. [0079]In this

case, when {di¢,dat e}‘o(x:H I ks daREh Cak | OBo 8N nfdi@ons @AMt OdateH € fNKrank

i ndi cation are equal, rank of fsét ARANKoffset is set at O assum ng that the

I nflyengg Ok, &{H%ﬁfegcs 9@%&&9%2%5{(6%&1&%%@ bepweenrd hg gaa CH
and the contro 80l As shown i n cases #2-6 in FIG 9, when the data CH

rank '”q&ﬁﬁE%°9b¥§rﬁréﬁ&ﬁﬁnﬁgﬁ” 1bhe contyigl . E@Pﬁ, g¥cq51QQu”h e, User

data reception qua teriorates nore severely than he control

I nformat).qn %ﬁ%@t' %’kg‘t\ak'ot@f f‘#%e‘th%o&“ ftflgr%%%fbsfe}{ tigﬁN:Z@{’jf’ygn

|nterference et ween reans | S Ccase rank o set ISSGt
greater &ebt%n COHB¥a§Ett1hﬁgcatlon and the control CH rank indication are

equal. The relationship between the combinations of a data CH
10 rank indication and a control CH rank indication and rank offset
ARANKoffset will be described below. FIG.9 shows a case
where the maximum rank indication is 4, as is the case with
FIG.8.
[0078] As shown in case #1 in FIG.9, when both the data CH
15 rank indication and the control CH rank indication are 1, both the
data CH and the control CH do not suffer interference between
streams. Further, when both the data CH rank indication and the
control CH rank indication are equal and are 2 or greater, the
influence of interference between streams that the data CH suffers
20 and the influence of interference between streams that the control
CH suffers are considered to be approximately equal.
[0079] 1In this case, when the data CH rank indication and the
control CH rank indication are equal, rank offset ARANKoffset is
set at 0 assuming that the influence of interference between
25 streams is equal between the data CH and the control CH.
[0080] As shown in cases #2-6 in FIG.9, when the data CH rank

indication is greater than the control CH rank indication, the user
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5 ARANKof fset greater than O, it is possible to set the control i nf or mat i on
codi ng rate obtained based on equation 4 higher than the control

i nformation coding rate obtai ned based on equation 3. By this neans it is
possi ble to prevent control information from being encoded at an
excessively |l ow coding rate and suppress the 10decrease in the efficiency
of controle,i pf Of FBLIHOY 1205 T 2P0y a {Q0GM r d N ebUr 1§23 1BRK BhEBSL
AF%ANKoffset&1 o% amg%r ena'?leura val ue ié sre% evvhen 1:the er atri oy\of tnhe data CH rank
| ndi cat i khenContd O 1GH T ankiifdi aaldl op, (e das prdidfankoirndiycat i on
/the coﬁ??g%&éﬁ?%n%ﬁ%n |clg?i 03) isrigr eat er.OFor exanpl e, nin FIOG 9, when
the 15 relat| hi > >q -hol i nfQr patd op, codingrate
becones 1_§ifg']&|ée§@§sot?hgng§ éﬁ&%c:%arﬁéﬁn%%}ga%%arﬁg gr eat er t han the control
cri rank Jadieath g NAcepEdnoly, 1Ly 1S, ROSSED! By ke PhEvent pgontigli, .

i nf or ITB.tOI

el ng encoded” at " an cessively w coding“rate a
suppress e ase in the 20effjciency of c ol .infor i
transmi &*@%‘%ﬁifﬁé%ﬁ%ﬁ bé]c?albove,g[céér |0nsgst(:%(lg){l elﬁ?eggﬁt @%bgglnﬁre% ,
tio

codi ng r.ate setting section 122a.corrects. the val f the, user ta codi ng
rate to lﬁécoéﬂia?ﬁf?gefggélég RSP aitAY %C%asc (gnon%le ‘ﬁ%ﬁqiotnygi %gggg gt?mgif a
user, based on the.type of .control 25 info tion.to be tine-myltiplexed

Wi th usgi’edﬁf)&tﬁ%ﬁlPﬁgrl&?ﬁf)Pﬂa‘f?ghn%frattﬁeoég?ale{l br%lsnifi(}ﬁldirge@é]tr%{é}ﬁha%d t he
control rank indicatjaon, and..sets the corrected value of f.he ding rate
as secté:gntkilﬁzgl%ae'}%’ fLéSug8ﬁsbé]tea%8oﬂf%‘§e?gtceoWOEel%d)a{&?E)‘é’lnycfggfn
according to a channel quality indicator of a.user as a yreference val ue,
correct S0 $ e Fé‘F@?ag?fﬁ@tvéPu%X%a§%WegH ?‘Pfé( F?g!én&r?:tb%tarné{ SEPPAFSP metS on to
betirre-n(‘g‘lnctipl exed with_user data_.and the c i nat.ion of the data CH rank

i ndit8at i rmeth‘étgnﬁn?ﬁglmepicﬁ’aﬂﬁ GO 84t IR T HA O Let' @t HRIEdPPect ed
reference value as the control jnformation coding rate. For exanpleg,

cont rol T4 oF brat Mo hebai R r 828K Bt ABA NToo B 41 b i HI45F Exoti i ¢
user l1l0data is set based on user data codi ng ratg_Rar,ra, PUSCH of f set
APUSCHofiSs&¢t jelt €& diier 6P Lionfodr et idgvia &b rpddk [BAf St 0 tARANIKGT £8atrol
corresponding to the conbination of the data, CH rank indication and the

control ©H rank indieaticon (thasdataofBqnatkohndicqtopsa] g tafariropyC H

correcting the control information coding .
rank indication) 1is greater. For example, in FIG.9, when the

15 relationship p > n > m > o > ¢ holds, the control information
coding rate becomes higher as the data CH rank indication 1s
greater than the control CH rank indication. Accordingly, it is
possible to prevent control information from being encoded at an
excessively low coding rate and suppress the decrease in the

20 efficiency of control information transmission.

[0082] As described above, according to the present
embodiment, coding rate setting section 122a corrects the value of
the user data coding rate to be adaptively set according to a
channel quality indicator of a user, based on the type of control

25 information to be time-multiplexed with user data and the

combination of the data CH rank indication and the control CH

rank indication, and sets the corrected value of the coding rate as
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rate to be higher when the data CH rank indication is greater than the
control CH rank indication, it is possible to correct the user data coding
rate based on the difference of the influence of interference between
streans that a data CH suffers and the 20i nfluence of interference between
streans that a control CH suffers, and set the control information coding

rate. AS%,]% o9ukE1 Qb rhPinSiti GHCRWARD fhe uUseh fdatd CodiRg FRLE seFeimw, it

is possible to prevent the control Information coding rate from being set

excessi vel y;Law183d SUPPrERs (& deaheasqihy thee ofd id ency, Qf e2pcopi r ol
0084 % de

i nformation transm ssion. Al't hough cases have been descri bed above

as _exanpl & Mige (bhe 999&@3%@%@3@1}@&&% 0 hakeel S Set rFeAd& mnal,

the presen ention Is imted to this, and it 1s equally

possibl e INAL 80RASESLAL PRrSAl e d NEy QAN d T 0TI QR LA AGiphe and

repo_rts\f e Set c_on rol “i'nformation co |n_g rate tp ate ! so that the
[ 0088] FuPCRGP T sty &5 poubRErE B v Dokl LR i T EhE et
ot rani OrPLAR AR Pee’ g & Ter R Rar TabTHER e (B olnti ain”
ARANKOT TEELE UG LRt hERe 12 o BF o6 O350 1 & F P S Dachl Lt at1 ofl eport s
0087] FUTTREMT 1 BT RFBRGRED: nvaHingn 16 ot |1 Tbd To°8 Hdra, GH4AY! a
comrol Ch 200 hs, elaoseplicaple (o oLber, Luochanel s daarins. e
10 data is set based on user data coding rate Rgata, PUSCH offset
APUSCHoffset per control information, and rank offset,
ARANKoffset, corresponding to the combination of the data CH
rank indication and the control CH rank indication, based on
equation 4.
15 [0083] Further, by correcting the control information coding
rate to be higher when the data CH rank indication is greater than
the control CH rank indication, it is possible to correct the user
data coding rate based on the difference of the influence of
interference between streams that a data CH suffers and the
20 influence of interference between streams that a control CH
suffers, and set the control information coding rate. As a result
of this, even when the user data coding rate is low, it is possible
to prevent the control information coding rate from being set
excessively low and suppress the decrease in the efficiency of
25  control informatioh transmission.

[0084] Although cases have been described above as examples

where the control information coding rate is set at a terminal, the
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[ 0088] Al t hough cases have been described with the above enbodi nent
asexanpl eswhere the present invention is configured by hardware, the
present invention can also be realized 20by software in conbination with
har dwar e. [0089] Each function bl ock enployed in the description of each of
the aforementioned enmbodi nents may typically be inplenmented as an LS
constituyl@dechy Bl édtioar a edy Gig eubhnthdse tedytbehindianddualischgpsilor
partially or totally contained on a single chip. 25 LSI is adopted here

but this,J@ybaksende 4 ef &5d adato @SsédsCithe" sysitenl LSl forn stiper daling or
-ultra LSI" depending on differing extents of integration. [0090]Further,

the net hodeofy i I £k &1 sNtBQr afdton: d $t Rt ihifarhedibe LIding ande to a
i npl enentation using dedicated circuitry or general purpose processors is

al so posgi-pligAfteb kSht TAOUT ACtMEgal Ubhhi 231a9R @h ca rRHOEadMRBhErdi el d
programmabl e gate array 5 (FPGA) or a reconfigurable processor where

conn CtH%Q%rﬂ%ﬂi%%tébﬁﬂf%QE¢€irCU!t cells within an LSI can be reconfigured
is also possible. [0091]Further, if integrated circuit technol ogy comes out

to repl 3@3)%53 'asFaﬁhamr e?t“'igtﬁlfsot W adpapca®nt; @fa 3Rt £LQRGUGEPS rakk

t echnol derivative other technology, it is naturally also possible

of bt ot Sxist oy e RedEPEN T EREALTILS! POntiVE LACHARLAGK: Appldgation
: mpl e.
rate, and report the set rank offset ARANKoffset to a terminal so
that the terminal can obtain the control information coding rate
10 using the reported rank offset ARANKoffset.
[0086] Further, it is also possible that a base station reports a
rank information offset table to a terminal via a higher layer.
[0087] Fﬁrther, the present invention is not limited to a data CH
and a control CH, and is also applicable to other two channels
15 having the different reception qualities required for the present
invention.
[0088] Although cases have been described with the above
embodiment as examples where the present invention 18
configured by hardware, the present invention can also be realized
20 by software in combination with hardware.
[0089] Each function block employed in the description of each
of the aforementioned embodiments may typically be implemented
as an LSI constituted by an integrated circuit. These may be
individual chips or partially or totally contained on a single chip.
25 LSI is adopted here but this may also be referred to as “IC7,
“system LSI”, “super LSI”, or “ultra LSI” depending on differing

extents of integration.
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[ 0092] The di scl osure of Japanese Patent Application No. 2008- 15 307658,
filed on Decenber 2, 2008, including the specification, draw ngs and
abstract, is incorporated herein by reference in its entirety. Industrial
Applicability 20[0093] The present invention is useful as a coding rate
setting nethod and a radi o conmuni cati on apparatus used for the radio
comuni gatican] syBterhdisi tige adaph o deoffodidcatiit oim tared akd MD tseahriol ogyted
25Ref erence Signs List 100, 100a Term nal 110Receiving section 111Radio
recei ving $exit's omnlil 26 reoniag oseatsing dédFEtaeatironitkl4Bropagatalon path
estimati on section 5115Denodul ati on section 116, 116aDecodi ng section
120Tr angyi s 4 @600 lis 12R0 133aCsliang ratfeeseltd ngmsentfaenuil3,
124Codi ng nodul ati on section 10125Channel nulti pl exi ng section

utilization of a programmable field programmable gate array

(8]

(FPGA) or a reconfigurable processor where connections and
settings of circuit cells within an LSI can be reconfigured is also
possible.
[0091] Further, if integrated circuit technology comes out to
replace LSI's as a result of the advancement of semiconductor
16 technology or a derivative other technology, it is naturally also
possible to carry out function block integration using this
technology. Application of biotechnology is possible, for
example.
[0092] The disclosure of Japanese Patent Application No. 2008-
15 307658, filed on December 2, 2008, including the specification,
drawings and abstract, is incorporated herein by reference in its

entirety.

Industrial Applicability

20 [0093] The present invention is useful as a coding rate setfing
method and a radio communication apparatus used for the radio
communication system wusing adaptive modulation and MIMO

technology.
25 Reference Signs List
100, 100a Terminal

110 Receiving section
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126 DFT-s- OFDM section 127 CP addi ng section 128Radi o transm ssion section
1221, 122l1aRank infornmation offset obtaining section 151222, 1222a Rank
information offset table 1223, 1223aCoding rate cal culating section CLAl M5
1. An integrated circuit for a transm ssion of a control information
conprising: an encoding section configured to control encoding of a

5cont r ol1 1 nf oRmdt borne d ¢x vdogoselanea wWith a coding rate for the control
information wherein the coding rate is set based on a offset having one of
a first loff seCPvate wind; aesecand of f set value, the first offset val ue
being different fromthe second value not used in a case that a rank
indicatariis FrTardciflantransm ssion section configured to control
transmtting of the coded control infornation. 2. The integrated circuit
accordi ngi 40 pkapanhtioherainnettien soidimgecaienfor the control information
is set depending on a type 150f the control information. 3. The integrated
circgit jacsor gichigotiqigti@mms2ctiherein the type of the control information
is one of a HARQ ACK, the rank indicator, and a channel quality indicator
(CcQ). Zpiﬁ;lT@%uiqgggbaﬁﬁ §€4dGdint according to claim1l, wherein the first
offset is used in a case that the rank indicator is 1 by the encoder.

120 Transmission section

121, 122, 122a Coding rate setting section

123, 124 Coding modulation section
10 125 Channel multiplexing section

126 DFT-s-OFDM section

127 CP adding section

128 Radio transmission section

1221, 1221a Rank information offset obtaining section
15 1222, 1222a Rank information offset table

1223, 1223a Coding rate calculating section
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255. An integrated circuit for a transm ssion of a control information
conprising: an encodi ng section configured to control encoding of a
control information in accordance with a coding rate for the control
information wherein the coding rate is set based on a offset having one of
a first offset value and a second offset value, the first offset value
bei ng dif{argpg fromthe second value only 5Sused in a case that a rank
indicator i's equal to or nore than 2; and a transm ssion section
configured to 9&9{‘959% #5%%%%%&5 al 116 GO ?i“*orfoel c'oqlft%imt' on. 6.
An |ntegrated circul or setting a coding rate of control 10i nformation
conpr|5|n g section configured to control setting of a
codi ng rat8r?%¥1?ﬂec%oﬁ§§%#ﬁ$nfornation based on a of fset having one of a

first offset valueenggg1 secqngnog%ﬁ dﬁry?b éggtﬁﬂrg gﬁigg nﬁ%jue bei ng

dlfferent fromthe secon 108" no nh a case tha i ndi cat or

is 1. an r.ansm ssi on .Ssectiaon onfl r ed nt notifyin

of the cootﬂtﬁﬁl I&fgrfrba}tmﬁl conCtCrOdAIda’rl i mati o ng]_ﬁﬁf)e Cf%eg{ ated ci r)éungtJ
accordin n the odln rate for t e troI nf or mat i on
e Coe ddisdar i3 B e SO ST el % 2P Fhfet s Ba SERPla | |
integrate CIrCUIt accordi.n to cI erein the t e the contro

i nf or matq 13t & BHE P ¥ RARDIAK gﬁphezﬁnn i cé?%?lylﬁ ggsaetc%% 1he?l

quality Ih%d%1%%EOJffg%9331ue bemg different from the second value not

used in a case that a rank indicator is 1; and
10 a transmission section configured to control transmitting

of the coded control information.

2. The integrated circuit according to claim 1, wherein the
coding rate for the control information is set depending on a type

15 of the control information.

3. The integrated circuit according to claim 2, wherein the
type of the control information is one of a HARQ-ACK, the rank

indicator, and a channel quality indicator (CQI).

20
4. The integrated circuit according to claim 1, wherein the
first offset is used in a case that the rank indicator is 1 by the
encoder,

25 5. An integrated circuit for a transmission of a control

information comprising:

an encoding section configured to control encoding of a
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9. The integrated circuit according to claim®6, wherein the first offset is
used in a case that the rank indicator is 1 by the encoder. 510. An
integrated circuit for setting a coding rate of control information
conpri si ng: a setting section configured to control setting of a
coding rate for the control information based on a offset having one of a

first offset o Yalue a8 nSeeond Aldfaskle walHea ddeidd rate ablrsale val ue

10being different fromthe second value only used in a case that a rank

i ndi cat qr,, .tsro‘?qlflq{orhfatq'bnrrw}?elie@ﬁnt}?é c®Mne rate isadtrBRSOASSI Qn section
configured to control notifying of the coding rate for the contro
I nformat§ i having one of a first offset value and a second offset value,
the first offset value being different from the second value only
5 used in a case that a rank indicator is equal to or more than 2; and

a transmission section configured to control transmitting

of the coded control information.

6. An integrated circuit for setting a coding rate of control
10  information comprising:
a setting section configured to control setting of a coding
rate for the control information based on a offset having one of a
first offset value and a second offset value, the first offset value
being different from the second value not used in a case that a
15 rank indicator is 1; and
a transmission section configured to control notifying of

the coding rate for the control information.

7. The integrated circuit according to claim 6, wherein the
20 coding rate for the control information is set depending on a type

of the control information.
8. The integrated circuit according to claim 7, wherein the

type of the control information is one of a HARQ-ACK, the rank

25 indicator, and a channel quality indicator (CQT).
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10

. The integrated circuit according to claim 6, wherein the
first offset is used in a case that the rank indicator is 1 by the

encoder.

10. An integrated circuit for setting a coding rate of control
information comprising:

a setting section configured to control setting of a coding
rate for the control information based on a offset having one of a
first offset value and a second offset vaiue,'the first offset value
being different from the second value only used in a case that a
rank indicator is equal to or more than 2; and

a transmission section configured to control notifying of

the coding rate for the control information.
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