DESCRIPTION Title of Invention ENCODING RATIO SETTING METHOD AND RADIO
COMMUNICATION DEVICE 5 Technical Field [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 10input multiple output (MIMO) technology. Background Art.
[0002]For an uplink channel of 3rd generatiot parthéishilproject radio access network long term
evolution (3GPP RAN 15 LTE hereinafter referred to as "LTE"), singlecarrier transmission is adapted
to achievelai ldw peakny avérage power ratio (PAPR). [0003]Further, for an LTE uplink channel, to

achieve hiL%h thromt, adaptive modulation (AMC: adaptive modulation andT 20 coding) is used so
as to select the' M on a Eélﬂg schehn 7{%@) patt%frﬁ foréath useﬁr‘*ae‘ﬁendi YRk channel

quality indicator ﬁé%% fe cﬂ r. 1§Q\24¥: rther, introduction of the MIMO system is being
considered&fg}om: EB& résr&n? Sion al'::e 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  Techpical Field
[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

ihrouéhput, 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



propagation path to further improve transmission rate. [0005]Under these circumstances, an
agreement is made to time-multiplex control information and user 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 transmitted at the same time in an LIE uplink channel (see Non-Patent
Literature Bd [0006]Ehe numbierdfcabdedegymbbls; €', ohconthal inforaation Gto ke myltipleXed with
user data is set based on equation 1. [0007] 1

propagation path to further improve transmission rate.

06065 Under these circumstances, an agreement is made to

time-multiplex control information and user 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 transmitted 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]
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... {Eguation 1)
15 where i—ﬂ is an integer not greater than x, and min(x,y) is the
value of the smaller one of x and v.
[0008] In eguation 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 (R1), or CQI. APUSCHoffset is reported from a higher layer (see
Non-Patent Literature 1).
[06009] O is the number of control information bits, and Rgaia 18
represented by equation 2.
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In equation 2, K, is the number of bits on r-th block, C is the
number of blocks per PUSCH subframe, and Nsymp 1s the number
of symbols per PUSCH subcarrier. The actual coding rate of user
data is obtained by dividing Ryata in equation 2 by the number of
bits per symbol, and is in proportion to Ryawa in equation 2.
Accordingly, Rgar: in equation 2 will be hereinafier referred to as
“user data coding rate.”

[0011] In equation 1, Q1 is the number of coded symbols of
control information that 1s set based on the number of control
information bits O, user data coding rate Ry, and PUSCH offset
APUSCHoffset, per control information. Q2 is the upper limit
value of the number of coded symbols of control information. As
shown in equation 1, the number of coded symbols of control
information, Q', is set by the smaller one of the number of
symbols Q! and upper limit value Q2.

[06012] Here, equation 1 is modified to provide equation 3. As
is the case with Rya, in equation 2, the actual coding rate of
control information is obtained by dividing Rionirer in equation 3
by the number of bits per symbol, and is in proportion to Rignire
in equation 3. Accordingly, Rconerot in equation 3 will be
hereinafter referred to as “control information coding rate (coding

rate of control information).”
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... (Equation 3)
where [_x_] 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, R1 is the
coding rate that is set based on user data coding rate Ry,is and
PUSCH offset, APUSCHoffset, per control information. R2 is the
lower limit value of control information coding rate Rggpniror. AS
is shown in equation 3, control information coding rate Riguiro) 18
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 lower limit value R2, and control
information coding rate Rooniror 18 set as coding rate R1.

[0014] In this <case, in equation 3, when PUSCH offset
APUSCHoffset is greater than 0, control information coding rate
Reoniror is set lower than user data coding rate Rgara. Generally,
unlike wuser data, control information 1s not retransmitted.
Therefore, by setting PUSCH offset APUSCHoffset, to be greater
than 0 and using equation 3, it is possible to lower control
information coding rate Rioniror than user data coding rate Ryaea tO

enhance the capability of error correction of control information.
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Citation List

Non-Patent Literature

[0015]

NPL1

3GPP TS 36.212 v8.4.0,"Uplink transport channels and control

information"

Summary of Invention

Technical Problem

[0016] However, when control information coding rate Reoniror 18
set simply by using only user data coding rate Ryga, and PUSCH
offset APUSCHoffset, per control information, there is a
possibility that adaptive modulation is applied depending on a
channel quality indicator of wuser, and efficiency of control
information transmission is decreased when rank indication of a
data channel (hereinafter referred to as “data CH™) in which user
data is transmitted, is {fransmitted.

[0017] For example, when rank 2 is applied to a data CH and
reception quality is deteriorated due to interference between
streams (inter-stream interference), in adaptive modulation, user
data MCS i1s lowered and user data coding rate Ry, 1s set lower
to prevent the decrease in the efficiency of transmission due to
deteriorated reception guality.

[GO18] Im such a case where user data MCS 15 lowered by
adaptive modulation, if control information coding rate Reonirol 18
set based on equation 3, control information coding rate Reontron

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



... (Equation 1) 15where rzi 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, Mse 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.LAPUSCHoffset is reported from a higher layer (see Non-Patent Literature 1).
[0009]0 is theanumbke af cariraliaformation Hits iand Rdata dntepresenteshy equation?a {0910] [2]
c-] 1K" r=0 data. (Equation 2)
referred to as “control CH”), in which control information is
transmitted, is not transmitted, and the control CH is not subject
to the influence of interference between streams, control
5 information is encoded at a lower coding rate to have excessively
high gquality, therefore Jowering the efficiency of control
information transmission.
[6019] In view of the above, it is therefore an object of the
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 wuser 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



symb In equation 2, K, is the number of bits on r-th block. C is the number of blocks per PUSCH
subframe, and Nsymb is the number of symbols per PUSCH subcarrier. The actual coding rate of user
data is obtained by dividing Rdata in equation 2 by the number of bits per symbol, and is in proportion
to Rdata in equation 2. Accordingly, Rdata in equation 2 will be hereinafter referred to as "user data

coding rate:'hk{0@11}m etjuatiam 4.1 4t isithe Mumbee of gaded symhels of contrgkinfenmatian that is
set based on the number of control information bits O, user data coding rate Rdara, and PUSCH offset
APUSCHoffset, perfeantral éinformhtion.@2 is the eyppeb limdtd/alwen of the number ®f cagedtsyrhbols of
control information.As 15 shown in equation 1, the number of coded symbols of control information. Q'
is set by thedipaiiet Greetof thé Auibes ofsyhhbiols ©adanditppék imitsaiud ©2. [00d 2iHere; lequation
1 is modified to provide equation 3.As is the case with 12,1,n in equation 2, the actual coding rate of
20 control iftahafibATs btdinkt By dAIdRG REBTPOR itf Botiafioh % BydRéhimbEr BEBKS pef symbol,

and is5in pré)é)qrti? to Rei[g-diﬁ)' in equation 3. Acco dinogl , Re"",,,,;g{n equation 3.will be hereinafter
referréd to a5 “control SBHNAtion cO8MG Fatd (Codithd fatb Brcofttd iAformAtioN) #5003 i3] 00

4M that encodes the control information based on the control

information coding rate.

Advantageous Effects of Invention

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 1s a block diagram showing a main configuration of a
20 coding rate setting section according to Embodiment 1 of the
present invention;
FIG.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;
FIG.5 is a block diagram showing a main configuration of a

terminal according to Embodiment 2 of the present invention;



0 _APIACH 10 | R data = max(RI,R2) ... (Equation 3) where Fx1 is an integer not greater than x, and
max(X,y) is the Svalue of the greater one of x and y.In equation 3, Rl is the coding rate that is set
based on user data coding rate Rciata and PUSCH offset, APUSCHoffset, per control information.R2
is the lower limit value of control information coding rate Reoncroi.As is shown in equation 3,
control information gqding rage Reoptel igikasel £ theriue.0hthg graatey yalue of coding rate Rl and
lower limit value R2.A case will be described below where coding rate Rl is greater than lower limit
value R2, angddargrot infermationngpdingeraterR04«Qi s $ehas codilihiate Rim[OQ14]in this case, in
equation 3, when PUSCH offset 15APUSCHoffset is greater than 0, control information coding rate
RconLrol iggetsiewerithan tiserata coding rate Rdata. Generally, unlike user data, control information
is not retransmitted. Therefore, by setting PUSCH offset APUSCHoffset, to be greater than 0 and
using equation 3, it}fs}gbgsiﬁl}é%)"’l%v@é? contsiple of a rank information offset table

5 according to Embodiment 2 of the present invention;
FIG.8 shows another example of a rank information offset
table according to Embodiment 2 of the present invention; and
FIG.9 shows yet another 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 is set by a offset
corresponding to a rank indication of a data CH in which user
data 1is transmitted, when adaptive modulation is applied
according to a channel quality indicator of a user. 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”).
[6026] The control information coding rate can be set ecither 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.

[6027] FIG.1 is a block diagram showing a main configuration



20information coding rate Reentroi than user data coding rate Rdata to enhance the capability of error
correction of control information. Citation List Non-Patent Literature [0015] NPLI 53GPP IS 36.212
vS.4.0,'Uplink transport channels and control information” Summary of Invention Technical Problem
10[0016]However, when control information coding rate RO11 is set simply by using only user data
coding rate, Rdata angh PAMSClaftsed ARUSEHolfsety pes eantrehinfermation ctheresis & passibility that
adaptive modulation is applied depending on a channel quality indicator of user, and efficiency of
control 15rieforination tsansmissidr i deCreéased whenirafk indicationof a-ddteochanrralyhepeinafter
referred to as "data CH") in which user data is transmitted, is transmitted. [0017]For example, when
rank 2 is appliédas al ddta CHedne mceptior uhlity dsndetariarated duentd ihterfépsrict betieen 20
streams (inter-stream interference), in adaptive modulation, user data MCS is lowered and user data

coding raté Rd=th98 BetIBRErc* freviént the dechisuean MéBtidighty of tHanailieSiondiéd 18

deterigrated receptjon quality. [0018]In such a ca here user data MCS is lowered by aptive
moduf)ationf,j}fgcbnt offquo‘iH Fit[&é)&fngsrgfé[ﬁc%ntrﬁ ang gecolglmg section ﬁaﬁd

Further, in FIG.1, transmission section 120 of terminal 1060

comprises coding rate setting section 121, coding rate setting
section 122, coding modulation section 123, coding modulation
section 124, channel multiplexing section 125, discrete Fourier

10  transform-spread-OFDM (DFT-s-OFDM) section 126, CP adding
section 127, and radio transmission section 128.

00281 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
freguency domain signal to propagation path estimation section
114 and demodulation section 115.

[0031] 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



seét based on equation 3, control information coding rate Reo"trol even when the rank indication of a
control channel (hereinafter referred to as "control CH"), in which control information is transmitted, is
not transmitted, and the control CH is not subject to the influence of interference between streams,
control 5information is encoded at a lower coding rate to have excessively high quality,

thereforeloweringtheeffisiensy ok eontrop infarmatiqn srapsmission. (P01 view of the, alpovs, it is
therefore an object of the present invention to provide a coding rate setting method and a 10 radio
communication agpdratisithat caioprevest control information from being encoded at an excessively
low coding rate and can suppress the decrease in the efficiency of control information tran sm ission.
15Solution [t8 Prédlem [Do20jA ebading nate setiing meihod apediding to the presentinventianisets a
user data coding rate to be adaptively set according to a channel quality indicator of a user as a
reference \FahiiePEdrPddisothe Yefdiefits Rakie bastdcor! Betgpe BF sortfon 20nnforatatibnvtd beh
time-multiplexed with the user data and a rank indication of a data channel in which the user data is

transniitted, Safd SRE thE TBrécied Féretihte Vhfire 284 E6RTDITHIdMTatiBA dOHiRg S8 183[66211A

radio commtejni%a‘;igg a%oargtcys allg:ctcﬁdin Sto1 1tqtfg:acﬁroegen'é iSn‘L\l/?pti(g)nicor[L]pgiIsg%a cogingoratte obtaining
section that Sets a User data coalng fafe £6 Be a aptlve]iy set accgrd?r%lg to'a ™ propdasation

path estimation section 114. Further, demodulation section 115
demodulates the frequency domain signal after propagation path
compensation based on the same MCS as used at the base station,
10 i.e. the same modulation scheme and coding rate, etc. to obtain a
demodulated signal, and outputs the obtained demodulated signal
to decoding section 116,
[0033] Decoding section 116 corrects errors with respect to the
demodulated signal output from demodulation section 115, to
15 obtain a decoded signal. 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 Nyymp, a PUSCH offset, and a data CH rank
20 1ndication (the number of a rank for a data CH). Information
about My, and Ngymp 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 N.ymp to coding rate setting section
25 121, and outputs the extracted information on the PUSCH offset
and the data CH rank indication to coding rate setting section

122,

16



channel quality indicator of a user as a reference value, obtains the reference value corrected based
on a type 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 transmitted, 5 as a the control information coding rate, and an
encoding section that encodes the control information based on the control information coding rate.

Advantagejous Effectsrof dnvention 40{002i3]Acserdingothe psesent kwention itispasgitiede prevent
control information from being encoded at an excessively low coding rate, and suppress the decrease
in the efficBrey, oftcosird| infornhation tiansmission. T5BriedQescrptibn 8 Drawings §0023om  FIG.I
is a block diagram showing a main configuration of a terminal according to Embodiment 1 of the
present invntiof: FIG 268 @ diock tiagrans sHowinges thain esnfigurafiondoha 20ebeirks tate etting
section according to Embodiment | of the present invention; _ FIG.3 shows an example of a rank
informatiort &5t fable éc@d?ﬂﬂ“}@tﬁb Efbddimeriter ofiﬂffé‘pféé@h’ﬁ hvehton ¢ata 10 F$Q U Bifows

another example of a rank informati ffset 25table according to. Embodiment 1, of the present
vention: FTGE 16 4 GRS Blh SV WAl CortUFAA 51 & SRRl oiding to

Creely S e PN, g IS /38 ork dem g e i
coding rate R'coniror bDased on information on user data coding rate
Rgata, the PUSCH offset, and 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'ceniror 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 Rya1a 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
encoding control information based on coding rate R'contror Output
from coding rate setting section 122, and generates control CH
transmission data by modulating the generated encoded data.

256  Coding modulation section 124 outputs the generated control CH

transmission data to channel multiplexing section 125.

[0038] Channel multiplexing section 125 time-multiplexes the

11



FIG.7 shows an example of a rank information offset table according to Embodiment 2 of the present
invention; FIG.8 shows another example of a rank information offset table according to
Embodiment 2 of the present invention; and F1G.9 shows yet another example of a rank
information offset table according to Embodiment 2 of the present invention. 10 Description of

Embodiments; [0Q2#4Newn embadiments atthe prssentivantionvilbedesstibedin detaliwith
reference to the accompanying drawings. [0025](Embodiment 1) 15A case will be described here with
the present émbedidenhwherera contrl information codiog rate is set bypa: offset eorresppinding to a
rank indication of a data CH in which user data is transmitted,when adaptivemodulationisapplied
according to achbntial guality indicatdrZef.a user.Controk 20informaiiphcmayl includesACKNAEK, RI.
and CQI, for example, and is time-multiplexed with user data to be transmitted from a terminal
apparatus fHerinaffeP ictdrédtords I'Téprﬁ“r?ﬁh’ég) fraBade statord Apparbtusl{bersinbitereefaded to as
"base station"). [0026]The control information cading rate can be set either at a 25base station or at a

terminal. A GBI B! §¥sStéd Baibd \Eﬁéf@tﬁp&%n%? ilfoPmatidh coding rate is set at a terminal.
(0027IFIG 15 2 plock gagra o 3.0 SNl 1 Y™ RR! g5201epa o g presen

signal by performing a discrete Fourier transform (DFT) on the
multiplexed transmission data output from channel multiplexing
section 125. DFT-s-OFDM section 126 maps the frequency

10 domain signal on a transmission 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.
f0040] 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 1into radio frequency bandwidth to obtain a transmission
signal, and transmits the obtained transmission signal via an
antenna.

25 [0042] FIG.2 is a Dblock diagram showing an internal
configuration of coding rate setting section 122 according to the

present embodiment.

12



receiving section 110 of terminal 100 comprises radio receiving section 111, cyclic prefix (CP)
removing section 112, fast Fourier transform (EFT) section 113, propagation path estimation section 5
114, demodulation section 115, and decoding section 116. Further. in FIG. |, transmission section 120
of terminal 100 comprises coding rate setting section 121, coding rate setting section 122, coding
modulatior] sectivn 128, odingnnesationseotian d24o shannehuliiplexiog section 126 discrete
Fourier 10transfo m-spread-OFDM (DET-s-OFDM) section 126, CP adding section 127, and radio
transmission s&ctiof d28.a[00R8]|R ke tecelvirg s2Ctibn ddldsonverts a béeeived sighabrEtaived via
an antenna to a baseband signal, and outputs the baseband signal to CP removing section 112.
15[0029]CR FeftnbiryiseetionrIn reafovestd eyelie prefix {E€P) drom e sagalsand signalodput from
radio receiving section 111 and outputs, as a time domain signal, the baseband signal without a CP to
FFT sectiolP 18 qb0301E P sdctid1 £4 Gistiins dfetuditlPdeniditrdigRal by 2brBeRorming a fast
Fourier trar&fs{?{m on the tinfgi%o ain signal out@{ut from .CP, removin{g sect%%glhczl, abntd outputs the

obtained frequenc “dornalh sign%l to paf plé‘gation Sa ed |n£|% iBH$e&fon 4 dembdiiiton

section 115, [0031]Prppagation path seSE'H‘ea“%_fe?F 120 1%%&??”‘3?@}%%%?%%%%@%9@&8? R
environment of the received S|gn%Pby using a pilot signal contained in the frequency domain signal
output from Fh{nsection 113, and, opiputsdhe; gstinpation result, which is the estimated propagation
path environment of the received signal, to demodulation section 115. [0032]Demodulation section 115
applies a propaggation patb £ompensation withcrespeict do the fequency Homain signabwhichvis output
from FFT section 113, and from which the pilot signal is removed, based on the estimation result
output frommpfopagationipath éstimationesektion 1:14. Farthdr, demodulatidatsectiod ld derhodulates
the frequency domain signal after propagation path compensation based on the same MCS as used at

the Bdse sthtion, 10U .8 (he sdie nddulafidnidetidmet ama otindirané | eed. b BBtAIK & densdedulated

signal, and outputs the obtained demodulated signal to decoding section 116. .
corresponding to the data CH rank indication, based on equation

4.
[0045]
14]

R gzlnax O Y = max{R'l, R'2)

T control Q 4 . MSC
O

o ure =
_ A} USCH + A]{AN}'\

afiset agifsel

’10 0 LR

data

... (Equation 4)

where I_x—l is an integer not greater than x, and max(x,y) is the

value of the greater one of x and y.

W]
]

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

defined as APUSCHoffset, and rank offset corresponding to the

13



[0033]Decoding section 116 corrects errors with respect to the demodulated signal output from
demodulation section 115, to 15 obtain a decoded signal. 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 Mse, the number of symbols per subcarrier
Nsymb. a RUECH: offseinand adiataChhnrankh 20 indicagion; (thel nuberof a sk foe a data ©H).
Information about M, and NTS,h are set at favorable values at a base station by being adaptively
modulatediaccohding! tovwttee CQitrainsmitted: fromf tecrminal 00 i Dbcoding isectionolilit gutpatsthe
extracted information on K,, M, and Nsymb to coding rate setting section 25 121, and outputs the
extracted iffformation on‘thé PLSEH bt i thid Blath CH ek idieation est codintpriate Bétting
section 122. Rdata based on information on K"se, and i?ilsymb input from decoding section 116,
based on équatioh? TodiRg PatbsEfting!s8tibn V21 6utbuts tha et (< teta ciiRg Fatd Rdhia to
codin% rat%%%tgiggfsectiorklﬂ and.coding modulation section,123. [0035]Coding rate setting section

122 sets control'i orraﬁ%tiorf&bﬂﬁiglrsatseelél',af",‘fB 48¢ dififofmation on user data coding rate Rdaia,

the PUSCH(p(g@gt andFtld(;tq1 QCHnrané( iﬂgi{: [ n.][he' terr;al ﬁmﬁgﬁ‘ a}g%r%?f coldin rate ptting
section 12£ and the 10methoa§ of slettingcl:ontrlo ﬁwforr’na%l%nicod%gerate{lR'canna'%vill l‘?g 1glges(gribed

|ater-Coqiﬁ%@%ﬁ%ﬁiﬂg@%@i@”a@@ @ﬂp}étst'ili‘;g %QI&Q{E@'(J@W&Q%@%%@H@B ratg Ragiiiial,ip coding
modulation section 124. [0036]Coding modulation section 123 generates encoded data by 15encoding
the input user data:basad on infarmation ©m user daia coding gate Reatebeutput Fem cedingdate
setting section 121, and generates data CH transmission data by modulating the generated encoded
data. Coding imoduidtiom s€ction 128 outputsatielgereyated datasCH transmission data to channel

multiplexing
10 [0047]
[5]
O

. .

= min ) — 4-M
< Al e

10 .
1 @ Rdam

... (Equation 5)
where (x_l 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 Ruaata 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'goniro1. In other words, by setting the
user data coding rate Rgai1a, 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
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20section 125. [0037]Coding modulation section 124 generates encoded data by encoding control
information based on coding rate R'control output from coding rate setting section 122, and generates
control CH transmission data by modulating the generated encoded data. 25Coding modulation
section 124 outputs the generated control CH transmission data to channel multiplexing section 125.

[0038]Chanpelsnuliiplexipg section 4 PSima-Tautiplexes thea flata GrF ransmission data pyitput from
coding modulation section 123 and the control CH transmission data output from coding modulation
section 124 dorgensratéimgltiplexkd tdarismissiondaita Chanael cmultigleddng seetfibhel 26 cutputs the
multiplexed 5transmission data to DFT-s-OFDM section 126. [0039]DFT-s-OFDM section 126 obtains
a frequencyidoniaintsighatby pesformirtg & discretes Foundr @ansfdrat (DETPon thedmiltiplated
transmission data output from channel multiplexing section 125.DFT-s-OFDM section 126 maps the
frequency Fodomain signal on a transmission subcarrier, performs an inverse fast Fourier transform

(IFFT).ont ed frequency ain signal to optain a transmission data sequence, and outputs

the oblaindd fiarsmission Q%edfﬂzﬁc?ﬁ&hp& d%i@@&%ﬁﬁefzfTd@&éfaﬁlgdaﬁﬁg 58ctiotf 127

adds a CP tg the tr?nsrgisg%q datz%ojf?nséetguenc% }Q%t(érom T-s-OFDM section 12(§nb%gpplicating
ica

.t , -
the data in the end of a framé and msertlng(%ﬁlé duplicate d%ta in the Heac of‘ffweef?arﬁe, In"each frame

of the trangmiSSIoN AgASeQUENs: ANAQUIPULR {f fransmigsign, datacsroueance Wwith.-a,GP g5 the

baseband signal, to radio transmission section 128.
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.
00507 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'controt, 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



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 antenn a. 25[0042]FIG.2isa block diagramshowingan
internal configuration of coding rate setting section 122 according to the present embodiment. rank

informatiorbeftsemtablepk222 insideh and gbiaing rankdfésetiARANKofisel feam rank.ipfermation table
1222 corresponding to the data CH rank indication.Rank information offset table 1222 5 will be
explained later IRanklimfarration affset mbiaining sectiohak224, outpuatddheichtained aink difset
ARAIN Koffset to coding rate calculating section 1223. [0044]Coding rate calculating section1223 sets
control inforhatichadedivd-rateé Ricovittsiclased onsuser dataedoding rater 0 Rda, 4. IRUSGH ioffset
APUSCHoffset and rank offset ARANKoffset, corresponding to the data CH rank indication, based on
equation 4;1@@35”@] W‘églrﬁéw&bntr‘ﬁ&rl glata coding rate Rygan is set lower,

5 when a data CH rank indication is greater and the influence of
interference between streams is greater.
[0052] Therefore, in the case where user data coding rate Ryaia
1s set lower in adaptive moduiation, when the control information
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 Rgata. Accordingly, there 1is 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 1t is possible to prevent the contro! information coding rate
from being set excessively low. In this way, according to the
present embodiment, it 1is 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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4M =max(R'1, R'2) 0 Al<2;147,11: 1010 Rdata ... (Equation 4) where FH is an integer not greater
than x, and max(x,y) is the value of the greater one of x and y. 20In equation 4, R'l is a coding rate that
is set based on user data coding rate Rda,a PUSCH offset per control information which is defined as
APUSCHoffset. and rank offset corresponding to the data CH rank indication which is defined as
ARANKOoffsghR3'd$ihenloweblimit yatug of contrakiniraation coding date RiGopHL. A case yill be
described below where coding rate R'l is greater than lower limit value R'2, and control information
coding rate Re,, y'{g1s et as coding gate:RY.. j0046-ustthear, ihesjuationt4, £is ke hugnbes oficontrol
information bits and Q' is the number of coded symbols of control information. The number of coded
symbols of‘donirakihfarngdiion @Qhidireptesentédebyequativn 5 d0foo4He 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

O

the corrected value of the coding rate as the control information
coding rate. That is, coding rate setting section 122 sets the
user data coding rate to be adaptively set according to a channel
quality 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'coniro) to be time-multiplexed with user data, based
on user data coding rate Rgaa. PUSCH offset APUSCHoffset, per
control information, and rank offset ARANKoffset, corresponding
to a data CH rank indication, based on equation 4.
[0055] In this way, according to the present embodiment, the
20 value of the user data coding rate is corrected based on the type
ol control information and the data CH rank indication, and the
corrected value of the coding rate is set as the control
information coding rate. By this means, 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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... (Equation 5) where rx-l 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 Rdaia using PUSCH offset APUSCHoffset, corresponding to a type of control
information and rank offset ARANKOoffset, corresponding to a data CH rank indication, it is 20possible

to set the cpsrecied disef data coding fate 2% ¢onl ak iformationcQeing rate RGaNES! dm other words,
by sett the user data coding rate Rdata, to be adaptively set according to the user CQI, as a reference

value, andjliyocosrectirguthehreferenge valtieskased oniRUSGH oftset APUUSGHoffset, cordgésponding to
the type of control information, and rank offset ARANKoffset, corresponding to the data CH rank
indication, fisepassiblectorset thegdorrectdbrefereheeavdlué asiodntroldnformation coglieg tate
Ricontrol. 5[0048]As PUSCH offset APUSCHoffset corresponding to the type of control information,
AHARQ-ACK i§ UB&d bl cbmtroPiffsihatiBR is’ ARRQNCKD ARY i tiséd Whehocbirtebl Trifbmation is

RI, and ACQL1 is used when control informatjon is CQI, for example.. An offset corresponding to the
type ot corftrbt 10 fhfor i SUERCAAIA Qtrkéxl,i RY SHHUCACH! 8 TEpbFteTiFSm M basE dtation via

a higher layer (see Non-Patent Literature 1). | _49% FIG,3 shows an example of rank information offset
Fable 1222 TGSt AL Aot DHESt CHAInhs st RAH T 15581, KOS theS B the

present embadjment, £apk jnfa afign offset jafie 4222 ptarepank offset, ARANKoffset, of a greater
value for a data CH rank indication of a greater value. For exampie, in rank information offset table
1222 in FIG & 4ank affaets ARANKoffset are set @t framate g inascending ordenof  As a
result of this, even when the user data coding rate is extremely
10 low, it is possible to prevent the control information coding rate
from being set excessively low and suppress the decrease in the
efficiency of control information transmission.
10057] A case has been described with the above embodiment as
an example 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 example, from
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)
[6058] 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 1s possible to divide data channel rank indications
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20data CH rank indications and ARANKoffset values of from a to z are set to satisfy 7 >> 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 25Ricontro[ to be
obtained based on equation 4, to become higher when the data CH rank indication is greater.

[0051]Generally, thegnflugngs ofntegfesense hefwe £AMg bacomeg greates when a sank
indication is greater.Therefore, when a data CH rank indication is large, in adaptive modulation, user

data MCS isildivereibliosensita receptied guadity ibhat is,Hn adaptive modudatiem disdrdata:cading rate
Ruaia is set lower, 5when a data CI-! rank indication is greater and the influence of interference
between strears istgredtes J0052|Théheforep mttivel casd wheret user datal codingaate Rdata is set
lower in adaptive modulation, when the control information coding rate is set using only PUSCH offset,
APUSCHOoffs6 per Wicontrdl fhfdmatidn r Baded bA Equatdh 3nfot axanple, dhe Cortroiater.

5 As shown in FIG.4, for example, it is possible to define all rank
offsets at a(a>0) for the rank indication of 2 or greater.
[0059] (Embodiment 2)

A case has been described with Embodiment 1 where, when

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 block 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.] will be assigned the same reference numerals as
in FIG.1 and overlapping explanations will be omitted. 1In 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 section 122 in terminal 100 in FIG.I.

25 [0061] As is the case with Embodiment 1, 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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information coding rate is set further lower than user data coding rate Rdata.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 toiarf offaes piercanirol informadidr. Byithis meansathecontrol information coding rate is
corrected higher when the data CH rank indication is greater, 20and it is possible to prevent the control
informatior] ¢0dig ratelfrooe deing setexcessivély daw. lmithis way,aaccbrdind ¢altheignal by
presentembodiment,itispossible toobtain thecontrol information coding rate by correcting the user data
coding rate dsed bhghe idiffepeficd bf the Brifltierice dfdpterfatehes bbtwvepmadsstidams tiata data CH
suffers and the influence of interference between streams that a control CH suffers.

[0054]Asdé<crmEbiabblie dcssrtingdteptesent ibodRfient! B8difyidR bettffséctigit §92 corrects
the value of the usey data coding rate to be adaptively set according to a channel guality indicator of a
user, Baseér(())nmthe? y[e)e &g(?oanltrr% %fo‘é&%ﬁé?r? g) bé’tﬁﬁéﬁmulﬁB@(ﬁ%‘%fhof}serl Bﬁtgjgﬁ the tank 5
indication I [ se iS trapsmi ts.the carrected value,of thg coding
rate as the(?}:lgntro %%gr)r&n?a\@%? %o%i?n %gg} él’hgt%% c%(%%laa érfte% egtet}éﬁgss c?i%n%gfzgs%tgfﬁe%}s%er data
coding rate, b @dapiivelyrses accardingte & ghannel aualty indicatar efauser, asa, fafgrance

value, corrects the 10 reference value based on the type of control information to be fime-multiplexed
with user daga and:thed anicindisation, of a Hata £ #nowvhich, useg data isctragsmitted; andsatk the

corrected reference value as the control information coding rate. For example, coding rate setting
section 122rsgts gontmo| infodmatiore 5cedihg rBterRodninotitacbeitime -multiplexed with user data,
baseldO [0063] Decoding section 116a outputs the extracted information
on K,, M., and Nsymp 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.
i5 100641 Coding rate setting section 122a sets control information
coding rate R'coniror based on information on user data coding rate
Rygata, 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'iguiror Will be explained
later. Coding rate setting section 122a outputs the set control
information coding rate R'coniro) 10 coding modulation section 124.
[0065] FIG.6 is 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 12271a stores

rank information offset table 1222a inside, and obtains a rank
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on user data coding rate Rda", PUSCH offset APUSCHoffset, per control information, and rank offset
ARANKOoffset, corresponding to a data CH rank indication, based on equation 4. [0055]In this way,
according to the present embodiment, the 20 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 coding
rate is set gsitheicarrraNrfosmation casing 1aten By ihistmedns, mverbwiheni the kahk indidatien of a
data CH in which user data is transmitted is 25 greater and the user data coding rate is set lower in
adaptive nfdHuledioh, itrisl possille toplevbnt therconttolitforraation eddnff rate.fréhe Beihgiset
excessively low and suppress the decrease in the efficiency of control information transmission.
[0056]Furthef oyncorredtintpiheecontroPitformBadtkcddifg T8 thkcBitie Rilghkt Mien'a d&f CH rank

indication is greater, it is possible to gorrect the yalue of the user (%Iata co%ﬂ%r te, tba,seidnon the
difference B tHe iRfluefdd bt IitBHeréhtEbetwedid Btfeatid tHAP e Yhta TH tuter Art Hé ffluence

of e boeen s 912 SPATolCH IS, s e st e ednayie o e

coding ra afesu iS, even when the user data coding rate is extremely

10 low, it i% 88??3?'%5‘% grgg@ghtﬁ% Geptol informafion £oding rate from being set excessively low and

suppress the decrease In the efficiency of control information transmission. [0057]A case has been

described withdhe aboveempedimgnt ascan exampleavheea fak information offset obiaining section
1221 15 stores rank information offset table 1222, in which the rank offset is defined separately for

each rank indigation: fornexanples froat a t& z, Rank infesmdtiamofiset obiainmngesettion 12205
however, may not store rank information offset table 1222, and may calculate rank offset ARANKoffset
based on tRe aqudtibrsshidwn{Z0as eolibtoh Bl 6] ARANKcHsenk (rahksintidafidhN § xfasatis a
constant) ... (Equation 6) [0058]Further, it is not necessary to define the rank offset at a 25 different

valué for e@eli raRR MEidatbn. Grid i i€ posRibie o eefifd thi Sahid Fakidbrsatfor & Bl &P 8F rank

indications. For example, it is possible to divide data channel rank indicatians
and the c%ntrol %H ranE{ 9 éd}catlon,%ased on equation 4.

10068] FIG.7 shows an example of rank information offset table
1222a 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
25 streams. Therefore, when obtaining the control information
coding rate by correcting the user data coding rate, it is not

pecessary to consider the difference of the influence of
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into a plurality of groups by comparing the data channel rank indications with a predetermined

threshold value, and define a rank offset so that the control information coding rate is set higher when
a data CH rank indication in each group is greater. 5 As shown in FIG.4, for example, it is possible to
define all rank offsets at a(a>0) for the rank indication of 2 or greater. [0059](Embodiment 2) A

case has bgeredesesbed witlh Emhodinent 1:wherg, avhen a data LHranksindicationds fangmitted,
the control information 10 coding rate is set based on a rank offset corresponding to the data CH rank
indication. Arc¢hse milk ber descerilsed dwre withithe wrasentse mbxodimerit atheree whem arddta(CH rank
indication and a control CH rank indication (the number of a rand for a control CH) are transmitted, the
control infottheltiohs codifig Fateds et V1.5 based o thel rankoffset basathem thecddmbinatidn tof the
data CH rank indication and the control CH rank indication. [0060]FIG.5 is a block diagram showing a
main confiuFhtigh K of ek miharaddttdifg 16 tHel prdsénbemibbliifeft amta@rmimal heddr@ing to the

present embodiment.in FIG,5, parts that are the 20 same as in FIG,1 will be assigned.the same
refere?)]ce ﬁfrﬁ%?élgég%ﬁ@fﬁﬁ& dvefisppirig Explah&tord il 8 ﬁtéﬁlﬁmq‘% &fhih%l 100a

[ idedwi iny [ ' te, setli tion 122a instead of decodi
Secion 116 ] o (e Sehg SN 138 I i 1001 S 28 {00ed] Aed 11 bage wit

Embodimepy 4, the.gopiral dafermation, qoding {afe gan be set either at a base station or at a terminal.
A case will be described below where the control information coding rate is set at a terminal.

[0062]Decgding sgction sl 18ankiains a deceded sipnakbyscarregting eriars withirespagt toxa k
demodulated signal output from demodulation section 115. Then, decoding section 116a extracts, from
the obtained decededrsigrsal, linferndatidreinclodingdn inférmratidn datd iseguence; the2numbéy of bits
per block K1, the number of subcarriers per subframe the number of symbols per suhcarrier Nsynnt,
the PUSCH offsee ltHe dataCH rank Snditativn enenhiecdorro Okyrahk indicetion 010[0063[@ecoding
section 116a Ol;éputs the extracted information on K" M30, and Nsymb to coding rate setting section

121, and olBGES GG Ation G ThePUSEH HHEEL; the dafa Clbrnk ihBk&tion amdttheddittél CH
rank indication to codipg rate setting section 122a. 15[0064]Cading rate setting.section 122a sets
control info#%ﬁﬁ?{%gﬁﬁ taté Rigbritlol §e<§) n inforthat W&hguéi@;t%&i&ﬁ?ge?aﬁérﬁc}é& the
PUSCH offset,.and the ¢ inati ft t a Ik indication and the. control CH rank indication.
The internf;‘?é{c’)ﬂnfrig]lfjrg('[?ioh%rt?fB c%%gljr?g lr%tepge(tj?%g gei?c{)‘[ionglgzqfp §rf1dlt %,Or%é? &jo(% 2%%etlt{}1% cro?%t?ol
information, gadingate, Rontrohwill pe.explained o wer 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.

[06071] 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 reception 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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later. Coding rate setting section 122a outputs the set control information coding rate R™,","1 to coding
modulation section 124. [0065] FIG.6 is a block diagram showing an internal configuration of coding
rate setting section 122a according to the 25present embodiment. [0066]Rank information offset
obtaining section 1221a stores rank information offset table 1222a inside, and obtains a rank offset
ARANKoffset,rcorrespomuding to the combination of the data CH rank indication and the control CH
rank indication, from rank information table 1222a.Rank information offset table 1222a will be explained

later. RankliffbrrAdtion\dffseh B Btainidy Sectiof 420 aloltputs tvehobtaitiedl rdak offsdl ARANK offset,
to coding rate calculating section 1223a. [0067]Coding rate calculating section 1223a sets control
information RO&fig 14 REBntdF basdd ohl uSel datd Rolfirfl b RBat POSEN idtddrABESCHoffset,
and rank o tARéANgoffset, 10c r(rjggﬁondiﬂg to the combination ftthe data CtH rank indication and
the control CH FahR i igaﬁc?r{f%ase escihatForn h{lf&f &ﬁ?ﬁ?s oW A nexgaﬁ%"iieﬂb?‘ran n
information pffset table 1232a stoyep| ingide the rank infoppatign offset phtaining sgatio 4221a.FIG.7
shows a case where the maximum rank indication
considered to be approximately equal between user data and
control information. Accordingly, as shown in case #4, when
both the data CH rank indication and the control CH rank
indication are 2, the wvalue (¢}, corresponding to the slight
10 difference of the influence of interference between streams that
the data CH suffers and the 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 Iinterference 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.
[6073] FI1G.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 1s 4. The relationship between rank offset values
ARANKoffset and the combinations of a data CH rank indication
and a contrel CH rank indication will be described below. The
explanation for cases #1 to 4 in FIG.8 are the same as for cases
26 #1 to 4 in FIG.7, therefore the explanation will be omitted.

{00747 As shown in cases # 5 and 9 in FIG.8 and as is the case

with case #2 in FIG.7, when the control CH rank indication is
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15is 2.According to the present embodiment, rank information offset table 1222a stores rank offsets
ARANKOoffset, 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 20indication and a control CH rank indication will be described below. [0069] As shown in case #1

in F1G.7, when beth the:dateleH tankaindication aRd thel¢ontrpb ©H rank indicationare 41 hoth the
data CH and the control CH do not suffer interference between 25 streams. Therefore, when obtaining
the controlninformation codingdirate byedarectingdbe user datas eodinginate t it isinotinecessaryato
consider the difference of the influence of interference between streams that the data CH suffers and
the influen&e ©f irtevferensd bdtivee Gtredims tHat théidbatrenCr sufferd haccordinighn @8 skidwn in
case #1, when both the data CH rank indication and the control CH rank indication are 1, rank 5 offset
ARANKoff&Bt fs' §67 500.0WhB A FaifEsiset KRANR offset 1570, thi icontfot fformiatidk coflirlg Fate

coincides wi coding rate that is set based on.equatjon 3. [0070]As shown jn ¢ #2 in FIG.7,
hon the cath O B Cindiodton 18D and e BBkl G ik RGHATS 14 B SRS 0L ol
informatio fars.re Ii o alli t iI iop dye tq interference en.strea s.In r}ig ase, rank
offset AREN%%@S%{%%%ZE y’a {(*a<(%. %gsgé?é% g&ﬁ&ﬁ%&%t@m@k@rﬁﬁ?ﬁ%ﬁ?étpgrgsi%)f)eéto t the
control infarmation geding tepbiained based pn.gquation 4 lpwgrthan fhe, copfrol infarmatign 15

coding rate obtained based on equation 3. By this means, it is possible to enhance the capability of
error correttign aheantyal infpdmalionate obtained based on equation 3. By this
means, it 1s possible to enhance the capability of error correction
10 of control information. In this case, for example, when the
greater absolute value of rank offset ARANKoffset is set as the
data CH rank indication is smaller than the control CH rank
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 quality 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 than 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 contirol information from
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[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 reception 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 infobaatign €edingdate ebiained basedy 2b,0nequatinn 3¢Bydhis meansy isassible,to prevent
control information from being encoded at an excessively low coding rate and suppress the decrease
in the efficidroy ohcential infoematidhc tramsmissione 0072 Asishiwmin iase #44m EH5.45 Wwhen the
data CH rank indication and the control CH rank indication are 2, both the data CH and the control CH
suffer interfetehizesbetwaenistieama imp bethis besie, the inflgeriee of intelfetente betweénrsimdams is
considered tg be approximately equal between user data and control info ation. Accordingly, as shown

in case #4,34h&A bofhRHe k@ IEFEfanksindithtion and thedadimrof &H rmiklindisaticri tre®, five value

(c), C(égl:espondir%. to the slight 10 difference, of tEg influence of interference between streams that the
data CH sufferé B the' fluehBs of fiterarence bdtwedh Stredme that tRE contibf CH &iRlin the

communicat] tw a_base statign and a terminal, is set as rank gffset NKoffset. When
it ey Bt e gl T Dl AL o

. 1y T <
the influence etween 15streams and the ihfluence' &f

interferenceetwean streams:that & copual ChsUiters Al qaupl,(ank gfiset ARANKOfSgL may be set

at 0, as is the case with case #1. [0073]FIG.8 shows another example of rank information offset table

1222a storeddnsidesthe rark informagion offset obtaiping, 20section 23 1a.H16- 8 shows arcase Where
the maximum rank indication is 4. The relationship between rank offset values ARANKoffset and the

combinatiohs of @ dataCH dank indicatiare anihe: tontrokCHadnk indisationnvdll hepdeasesiped below.
The explanation for cases #1 to 4 in FIG.8 are the same as for cases 254 1 to 4 in FIG.7, therefore the
explatation! #4lF Bé omittedR[OE74]i0s shewndh casest# b Bmtod in FIB.8 dndasis the case

[0076] As shown in cases # 8 and 13 in FIG.8 and as is the case
with case #4 in FIG.7, when the data CH rank indication and the
control CH rank indication are egqual, the influence 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 egual. 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 stireams 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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with case #2 in FIG.7, when the control CH rank indication is greater than the data CH rank indication,
control information reception quality deteriorates more severely than user data reception quality, due
to the difference of the influence of interference between streams. In this case, rank offset 5
ARANKOoffset is set smaller than 0. By setting ARANKoffset smaller than 0, it is possible to set the

control infaron@tign codingirate obtained based op@qiation Anlgyyer than e gontratdniarmabign coding
rate obtained based on equation 3. By this means, it is possible to enhance the capability of error
correction df¥eftortiol énfoPrhation tinrthis cased forraxdmpte avimen tthenGreites ahsetutenvalpe of rank
offset ARANKOoffset is set as the data CH rank indication is smaller than the control CH rank indication,
the controliaformeatiohZoding rate bEEbmes lewet ds thecddtar@HiranK fnditatidhAs skhallés tan the
control CH rank 15 indication. Therefore, it is possible to prevent the control information reception
quality frombeftff e fetiofartd 2007 814d Ehownfin €48e8 46,170 8Ad 26-12 i Bi@.8%Hd 48 1the case

with case #3 !:P. FIG.7, when the data CH ra%_ino!ica ion is greafter than the control CH rank indication,
the user data éﬁ%lc%‘btiéﬁ-%&n&%‘é‘téﬂéra e Ve AHEH thE e JiftPot info P Blth Fedeption

quality due to 6edi tence the.influenc interference between streams. In this case, rank offset
ARANKOTTatS Sbe i HEh § By eting ARARKOfos rodtbr il b pedbie e e

control 25,ipformafien coding Feteiobtained hased.on gguatin 4ighst than the spptrpLinfermation

coding rate obtained based on equation 3. By this means, it is possible to prevent control information

from beingiangoded at anlexcegsively daw gadingiratecant suppEss thendecraase in the efficiency of
control information transmission. In this case, for example, when the greater absolute value of rank

offset ARANKoffbet isIdet ascthe dates EHb rdnktiwdicatiah &s Sogrdatenthamtheodontral Ghl rarik
indication, the control information coding rate becomes higher as the data CH rank indication is greater
thanitfe caritrdi GH ¢anR indicatiod. As aaesnit bfHis, leisossible a6 ipravemtdorrok inféfmation from
being encoded at an excessively low coding rate and suppress the 10decrease in the efficiency of
control infotRationtahsisissidi! foolr 6] ACsiowh 68 cazesws andHEIn FIGBANE ad is ¢#6 tase with
case #4 in FIG.7, whﬁn the data CH rank i dicatrigP‘n and the cong[ol CH rank indication are equal, the

influence of inferferéAde BRAIEN StrediRE that Hd YAtAYH S8iférs dhtl the 191HUEHES ofihtdrference
between st}gq%m§ j[hat the control CH

[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] In this case., when the data CH rank indication and the
control CH rank indication are eqgual, rank offset ARANKoffset is
set at O 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 FI1G.9, when the data CH rank

indication is greater than the control CH rank indication, the user

26



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

communicatipn:status petwaen @ase statieniyd adermipak is setas rankeffsetitRANKaffset. When
the influence of interference between streams that the data CH and the 25 influence of interference

between stredimsrthatithe canrteal Bhosuffers aietequal urank offseh ARANKffiset may be sathat 0, as is
the case with case #1. [0077]FIG.9 shows yet another example of rank information offset table 1222a
stored insid@ fank infernefiomdfisée obiminind séction 22 1aclnrE+G.9, bm idénticat sark offsetk
ARANKOoffset is defined for a plurality of combinations of a data CH rank 5indication and a control CH
rank indicafibht&ttran® fhfdhratdi tifset dbtaifftig s&dticri 122140 More 8pecificdlly, ars idéntigal rank

offset RANﬁ?ffffjgsfft for the combination where the data CH rank indication and the control CH
rank indicafidh’are oG AR StheBidiashsHiB B twiken the SomBinstidHs dfta deth G el ofHkifiication

and a contri'%lf%l}lnrlantk indicati?czn and r%Qkoqgf_ et AR %Pégnéf%et will be describe Eelo#vg FIG.9 shows a

case where the maximum rank indication 15 4, as s the ‘case with F18% (0678144 &R&Wn ihdhse #1 in

F1G.9, whenothiherdata &H e dankindiearign 4 he 6earRlGrhankndigationais 4, both the

data CH and the control CH do not suffer interference between streams. Further, when both the data

CH rank indigatian and ¢he sontrol ©H rank indication s equal and aie 2 of greaies.dhe fpflyence of
interference between streams that the data CH suffers 20and the influence of interference between

streams thatkthescantrob CHisuffermareceansidersld td be apprbkimatelycquad. [O0F)e tRiscgase, when
the data CH rank indication and the control CH rank indication are equal, rank offset ARANKoffset is
set at 0 assurpirmptatithel Influehde of interfefencmbetweeni25stretims: is Bguahbetwieen the data CH
and the control CH.
[0081] In this case, rank offset ARANKoffset of a greater value
is set when the ratio of the data CH rank indication to the control
CH rank indication (the data CH rank indication /the control CH
rank indication) is greater. For example, in FIG.9, when the
15  relationship p > n > m > o > g holds, the control information
coding rate becomes higher as the data CH rank indication is
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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[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 data reception quality deteriorates more severely than the control
information reception quality due to the difference of the influence of interference between streams.In
this case, rank offsetARANKoffset issetgreater than0.Bysetting 5 ARANKoffset greater than O, it is
possible ta Bet themantiol informaticiveoding rate ehtained Hasad ion equaiion 4 higherdham the
control information coding rate obtained based on equation 3. By this means, it is possible to prevent
control inforewdtion frbmseing encduedustean dxdassivealy fagv catling vatk anddsuppress Yhe et
10decrease in the efficiency of control information transmission. [0081] In this case, rank offset
ARANKOffa6C 64l heate? valLehia BBEWHERAhE Fatié f el 84t EH rariendicatior! & 836 B6#trol CFI
rank indication (the data CH rank indication /the control CH rank indication) is greater. For example, in

FIG.9, wheif e 15 PdIAEGAShIT 5>AS HiSECG hdPdE &thB 28RtroliR foRfiatidA EodihgTait! Betomes

highegas thedata CH rank indickz)ition IS greater tthari the %ontrol %H rank ind(iicattion. Acgor?'nﬁqu, it is
. 1_nformat10P .t(% .. tl%’l eerul iplext Wit user fld A
possible to prevent control information from'being encoded at an excessively low coding rate and

suppress the degreasep the 20efficiency of pontal informatan;iansmissiole control CH

[0082]Asdescribedabove,accordingtothepresent embodiment, coding rate setting section 122a corrects

the value ofithe usetidata rodingJate tode adaptivehrsetacerrding:to-a eBanngl gualify indjeator of a
user, based on the type of control 25 information to be time-multiplexed with user data and the

combinatiarvaftthel datanCbirmank indication dindgthe eandrol CFI ok indication land sets theorrected
value of the coding rate as the control information coding rate.That is, coding rate setting section 122a
sets the userdata sothing rard to be adaptielyset acoorting tona ehantielpdgalityd indiddton of & user as

a reference ) )
10 data 1s set based on user data coding rate Rysa, 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

26 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 information 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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value, corrects the reference value based on the type of control b 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 reference value as the control information coding rate. For example, control
information coding rate, W00[11101, to be time-multiplexed with user 10data is set based on user data

coding rateRelat a¢ RdSEioffset ARWSEHolisetperi¢antieldnfeymation, and rankoffsplally
ARANKOoffset, corresponding to the combination of the data CH rank indication and the control CH

rank indicapion sbhsed draequatiors4. 5083]Further,thy carvecting the Eontrol informatidn icgding rate
to be higher when the data CH rank indication is greater than the control CH rank indication, it is
possible torédirect e usdradta codingsrate baged oh the Hiffererice of thednfigencetsf interference
between streams that a data CH suffers and the 20influence of interference between streams that a

control CH'&iffet8 Bnd $8t theddonthdt inkFdtith codiflg rabd.2A8 afRsult BPITE SéVeh WHER the user
data cpding r?te IS low, it is ggssible tOéJrevent the control information coding rate from being set

exces%ively%\?/réﬁa ts}lffﬁbr% i dEt&ase in the efficiency of 25control information transmission.

[0084)Athguapsasesiave isen descriged ahove a3 exapiples where he qgnlrgl informatign coding

rate is set at a terminal the present invention is by no means limited to this, and It is equally possible

that a base, station sefs the eontrelinfarmationicaging rate andieaerts ihe set.aqire! information

coding rate to a terminal, so that the terminal can obtain the reported control information coding rate.

[0085]Furthet.t is alsorpessible thata: basengtation sets 130K ofiset ARANKpfisatdpsiead ofthe control
information coding rate, and report the set rank offset ARANKaoffset to a terminal so that the terminal

can obtaintthe tcariteol informatidbn codingtrate d Ousing:the repbried rank offsat ARANK gffsett e
[0086]Further, it is also possible that a base station reports a
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] Further, 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.
10088] Although cases have been described with the above
embodiment as examples where the present invention is
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 ecach
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 “IC”,
“system LSI”, “super LSI”, or “ultra LSI” depending on differing

extents of integration.
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rank information offset table to a terminal via a higher layer. [0087]Further, the present invention is not
limited to a data CH and a control CH, and is also applicable to other two channels 15having the
different reception qualities required for the present invention. [0088]Although cases have been
described with the above embodimentasexampleswherethepresentinventionis configured by hardware,

the presentimgention qanralsedeealized2Qhy software i eomlipatian; with hardware; {0089 Each
function block employed in the description of each of the aforementioned embodiments may typically
be implementel %5 an kStconstiluteckiby an ntegraied citewt. clese may betindividugkeehips or
partially or totally contained on a single chip. 25 LSl is adopted here but this may also be referred to
as -IC-, "sybterp 0S¢, 'Buper bSPT or taltra 1S1" depenidihg on difféting elxehtsiohintegratione
[0090]Further, the method of circuit integration is not limited to LSI's, and implementation using
dedicated HddiAREF YRnetal plrpdte Hr8eetebd fs alse!sbsdibre ME@MLSP hfanaficturé rualization of

a programmable field programmable gate array (FPGA) or a reconfigurable processor where
conne:c}:tiong%%g}égtin%g of circuft € I%%ff?i??% L SSR S5 FecOMfiGEfedSs A6 Posdisle. 20 d
it

[OOQl]Furthr integrated.circuit technolo omes out g replace LSI's as a.result of the
advancemeﬁtté%gégnigi%nab% otilfoﬁgéﬂ%o‘i%}éy ora‘ erllivé ive %%e%rete%%%g%?giﬁ it'i Lga‘tﬁrgl}ﬁ dlso
possible to}p@gyig%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@) 2008, Arclukling the speeificationd drawingsand akstract¢is incompetated pergin by

reference in its entirety. Industrial Applicability
replace LS8I's as a result of the advancement of semiconductor
10 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 setting
method and a radio communication apparatus used for the radio
communication system using adaptive modulation and MIMO

technology.

W]
a

Reference Signs List
100, 100a Terminal

110 Receiving section

30



20[0093]The present invention is useful as a coding rate setting method and a radio communication
apparatus used for the radio communication system using adaptive modulation and MIMO technology.
25Reference Signs List 100, 100aTerminal 110Receiving section 111Radio receiving section 112CP
removing section 113FFT section 114Propagation path estimation section 115Demodulation section
116 116aDe¢adingrsestion :2QTramsmissign@egction 121, 122, 122aCoding rate setting section 123,
124Coding modulation section 10125Channel multiplexing section 126 DFT-s-OFDM section 127 CP
adding secfidr? 128RRdie transmigsiat:section

113 FFT section
114 Propagation path estimation section
5 115 Demodulation section
116, 116a Decoding section
[20 Transmission section
121, 122, 122a Coding rate setting section
123, 124 Coding modulation section
16 125 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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1221, 1221aRank information offset obtaining section 151222, 1222aRank information offset table
1223, 1223aCoding rate calculating section CLAIMS Claim 1A coding rate setting method:

setting a coding rate of user data to be adaptively set according to a channel quality indicator of a user
as a reference value; correcting the reference value based on a type of control information to be
time-multiplexed with the user data and a rank pdgigatioisof a data channel in which the user data is
transmitted; and 10setting the corrected reference value as a coding rate of the control information.
Claim 2Thé€ tedinglrate setithg meihed scoorsing ta glaiath svhrerein: 15a rank indication of a control
channel in which the control information is transmitted is 1; and the reference value is corrected
so that the control #¥ftkhnation codidgrate treicones higher wheet thecdabes chiahapk rarsk indicattion is
greater. 20 Claim 3The coding rate setting method according to claim 1, wherein: a rank
indication 84 B5AtrBECHAN el 5k Which! tHEVCOrBI ierhalSH i§ frahshitdd 3 12 reference

5 wvalue;
correcting the reference value based on a type 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 transmitted;
and
10 setting the corrected reference value as a coding rate of the

control information.

Claim 2 The coding rate setting method according to claim 1,
wherein:
15 a rank indication of a control channel in which the control

information is transmitted is 1; and
the reference wvalue 1is corrected so that the control
information coding rate becomes higher when the data channel

rank indication is greater.

20
Claim 3 The coding rate setting method according to claim 1,
wherein:
a rank indication of a control channel in which the control
information is transmitted is 1;
25 the data channel rank indications are divided into a

plurality of groups by comparing the data channel rank

indications with a predetermined threshold value; and
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25the data channel rank indications are divided into a plurality of groups by comparing the data
channel rank indications with a predetermined threshold value; and the reference value is
corrected so that the control information coding rate becomes higher when the data channel rank
indication in each group is greater. 5Claim 4The coding rate setting method according to claim 1,
wherein the referenge valusfis-eorsected aged 98 a gembiratian of the giata changel gayikeindication
and a rank indication of a control channel in which the control information is transmitted. 10Claim 5The
coding rate sétting ariethod @cdording td claine 4o whereini the ¢eferdnee value ig cofrectegsocthat the
control information coding rate becomes higher when the data channel rank indication is greater than
the control’étiahnigl daak inditatiore AGICRimEThe codingFate setting method according to claim 4,
wherein the reference value is corrected so that the control information coding rate becomes higher
when a ratio of the data channel rank indication to the control channel rank indication is 20greater.

Claim 7The,coding yate set methpd according to claim 1, wherein contro] information coding rate
R'conttui, i?g%f %laé{ed ona (5%%‘?5%6 %\B’Ug%tl%%eﬁlggﬁé@p&ﬁdiﬂé ‘%‘ﬂge typé G tfe 125 control

information, 29 & [yl ARV T3 corespondlng o e, daig dhipnpel @k Neisayen. based

on equation 1.
of the data channel rank indication and a rank indication of a

control channel in which the control information is transmitted.

10 Claim 5 The coding rate setting method according to claim 4,
wherein the reference value is corrected so that the control
information coding rate becomes higher when the data channel
rank indication is greater than the control channel rank

indication.

Claim 6 The coding rate setting method according to claim 4,
wherein the reference wvalue is corrected so that the control
information coding rate becomes higher when a ratio of the data
channel rank indication to the control channel rank indication is

20 greater.

Claim 7 The coding rate setting method according to claim 1,
wherein control information coding rate R’ yytro:. 1S set based on a
PUSCH offset, APUSCHoffset, corresponding to the type of the
25 control information, and a rank offset, ARANKoffset,
corresponding to the data channel rank indication, based on

equation 1.
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4M sc AP(Ltiell_L A RANK offielsee 10to data ... (Equation 1) 1, max(x,y) is the value of the greater
one of x 5andy, 0is a number of symbols of control information, Rdata is the user data coding rate,
and M, is a number of subcarriers per PUSCH subframe. Claim 8The coding rate setting method

according to claim 7, 10wherein: the rank indication of a control channel in which the control
information isjtransmitted is 1; and the rank offset ARANKOoffset of a greater value is set for the
data channel rank indication of a greater value. 15 Claim 9The coding rate setting method according to
claim 7, wherein: a rankfindication of a control channel in which thé control information is
transmitted is 1; 20the data ghannel rank indications are divided into a

O 0,

R = max| = _
control ?
4-M_,
O
T s
10 ]
]0 Rdata

... {(Equation 1)
where, in equation 1, max(x,y) is the value of the greater one of x
5 and y, O is a number of symbols of control information, Ryae, 18

the user data coding rate, and M;. is a number of subcarriers per

PUSCH subframe.

Claim § The coding rate setting method according to claim 7,
16 wherein:
the rank indication of a control channel in which the
control information 1s transmitted is 1; and
the rank offset ARANKoffset of a greater value is set for

the data channel rank indication of a greater value.

15
Claim 9 The coding rate setting method according to claim 7,
wherein:
a rank indication of a control channel in which the control
information is transmitted is 1;
20 the data channel rank indications are divided into a

plurality of groups by comparing the data channel rank
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pluralityof groups bycomparing the data channelrank indications with a predetermined threshold
value; and the rank offset ARANKaoffset of a greater value is set for the data channel rank
indication of a greater value in each group. 5Claim 10The coding rate setting method according to
claim 7, wherein the control information coding rate R.control is calculated based on the rank offset.

ARANKoffsetacoresprading to # gembination of the datachanael rnkindigation and a rank indication
of a control channel in which the control information is 10transmitted. Claim 11The coding rate setting

method according & elaitan k1@ Mbetein Rimabralyte; valugfofihe rapkaffset ARANKaffsetigcomes
greater when a difference between the data channel rank 15indication and the control channel rank
indication ishyrediters Clamm &2 Thsoddingdate setting Metlyd: aceordiabute claima ¢ A0g whepein the
rank offset ARANKoffset is set greater than O when the data channel rank indication is greater than the
control 20channel rank indication. Claim 13The coding rate setting method according to claim 10,
wherein the_rank offset ARANKoffset js set smaller than 0 when the data channel rank indication is
smallet thah the®Bohtfol 25chAlnECENR Sndftktiors ‘Eldith TarHPh ARG AL 8dtiHy MEHBY According

to claim 10, wherein the rank gffset AR, NKofgset becomes greater when a ratio of the data channel
rank indicaﬁo%\nletroetlhne %:%ﬁtrﬁpﬁéﬁr?ﬁef}%(rfﬁ&i HEBNSS Gidetef 2te Koo 15 dafe e

based on the rank offset, ARANKoffset, corresponding to a
combination of the data channel rank indicatieon and a rank
indication of a control channe!l in which the control information is

10 transmitted.

Claim 11 The coding rate setting method according to claim
10, wherein an absolute value of the rank offset ARANKoffset
becomes greater when a difference between the data channel rank

15  Indication and the control channel rank indication is greater.

Claim 12 The coding rate setting method according to claim
10, wherein the rank offset ARANKoffset is set greater than 0
when the data channel rank indication is greater than the control

20 channel rank indication.
Claim 13 The coding rate setting method according to claim
10, wherein the rank offset ARANKoffset is set smaller than 0
when the data channel rank indication is smaller than the control
25 channel rank indication.

Claim 14 The coding rate setting method according to claim

3h



5Claim 15A radio communication apparatus comprising: a coding rate obtaining section that sets
a user data coding rate to be adaptively set according to a channel quality indicator of a user as a
reference value, obtains the reference value corrected based on a type of control information to be
time- 10 multiplexed with the user data and a rank indication of a data channel in which the user data
is transmitted, ag gtk nformation,eeding fates Akl o £ 's eANRNCOEING Sestigndhalancpdgs the
control information based on the control information coding rate.

ratio of the data channel rank indication to the control channel

rank indication is greater.

N

Claim 15 A radio communication apparatus comprising:

a coding rate obtaining section that sets a user data coding
rate to be adaptively set according to a channel guality indicator
of a user as a reference value, obtains the reference value
corrected based on a type of control information to be time-
10 multiplexed with the user data and a rank indication of a data
channel in which the wuser data is transmitted, as a control
information coding rate; and

an encoding section that encodes the control information

based on the control information coding rate.
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