DESCRIPTION Title of Invention ENCODI NG RATI O SETTI NG METHCD AND RADI O
COMMUNI CATI ON DEVI CE 5 Techni cal Field [0001] The present invention relates
to a coding rate setting met hod and a radi o communi cati on appar at us used
for a radi o conmuni cati on system usi ng adaptive nodul ati on and the multiple

10i nput mul tiple output (MM I . ckground Art. [0002] For an
;Jpl i nk channel of 3rd generati oﬁ%ﬁxgﬂﬂlﬁgaproj ect radi o access network
ong te volution (.3GPP RAN 15 LTE, hereinafter referred to as "LTE"),
si ngl e- ?;Ff? &t {I?“é?\‘%?ﬁoﬁi on is adapted to achieve a | ow peak to average

Ef’g’_ﬁrt L%éi&éﬁiﬁg\ﬂ, BhitaniA Lt “éhfhif%ﬁiﬁ%& VERR o3 ok Aarg, " e
codi n t i i
oot ooh GOM AN BT R RlC bt o ahannal. qual oy T adi cator (&0 of

each5 user. [0004] Further, introduction of the M MO systemis being

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

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, Thereinafter referred to as “LTE™), single-carrier

transmission is adapted to achieve a low peak to average power

ratio (PAPR).

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

throughput: adaptive modulation (AMC: adaptive modulaiion and
20 coding) is used so as to sefect 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 is 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



considered to achieve higher transm ssion rate and to further 25 inprove
the efficiency of use of frequency. Introduction of a rank transm ssion
technique is al so considered such as rank adaptati on with which the rank

i ndi cation (the nunber of rank) is adaptively swi tched depending on the
status of, a spatial propagation path to further inprove transm ssion rate.
[ 0005] UTdki? S Hass o PeTHEt Ancht C5H ey etfrenth§ s STRABS T o0t | o- AT Bl ox
control information aﬂg USﬁé ata. usin tﬂﬁgﬁﬁxsical up] i nk shared channel
(PUSCH) P31 Rt daReP & tibftPahit! '8 Fak™PE Ot oW OPAPR ®ven when both

control E}fo tiéfn and user data are transnmtted at the sane tijfe in an
[9 nn

LTE upl i ndebetNoH: PAtEHMEFRRE GEur&h | pEreemeny oipeP 2ftfe Yunber

of coded,synbol s,. g of contro] jnformation 10to be n&;lti pl exed wi.th user
data i s (4Bt BAEd PORX el i T6Y 11n%hm@7}uv1]and (B§Gat i Hhta) UPshBerdiG x] is

an integer not greater than x, and m nlgx,sy& i s the val ue of tpe smal | er one
of Xoand)}y}jswal 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).

f0006] The number of coded symbols, Q’, of control information

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

[0007]

(1]

Q' =min “_Af;;;f:;? , 4-M,, |=min(Q1,02)
10 0 ) Rdata

... (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.
[0O08] 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  (RI), or CQI. APUSCHoffset is reported from a higher layer (see
Non-Patent Literature 1),
f0009] O is the number of control information bits; and Rygaa IS
represented by equation 2.

[0010]



[[0008] In equation 1, Ms, is the nunber of subcarriers per PUSCH subfrane,
and APUSCHof fset is a PUSCH of fset which varies per control information
such as ACK/ NACK, rank indicator 20(Rl), or CQ .APUSCHoffset is reported
froma higher |ayer (see Non-Patent Literature 1). [0009]0 is the nunber of
control dnformation bits, and Rdata is represented by equation 2. [0010]

[ 2] C-l[ r Rdatar=0 . . . (Equation 2) AtJTsynb In equation 2, K is the
nunber of bits ongayth block, Cis the

>K.
=0

data = ... (Equation 2)
Msc 'Nsymb

In equation 2, K, is the number of bits on r-th block, C is the
number of blocks per PUSCH subframe, and Nyymp is the number

5 of symboels per PUSCH subcarrier. The actual coding rate of user
data 1s obtained by dividing Ryaia in equation 2 by the number of
bits per symbol, and is in proportion to Rygaa in equation 2.
Accordingly, Ryata in equation 2 will be hereinafter referred to as
“wser data coding rate.”

16 [0011] In equation 1, QI 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 Rgsa, 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 QI and upper limit value Q2.

[0012] Here, equation 1 is modified to provide equation 3. As
is the case with Ry, . in equation 2, the actual coding rate of

20 control information is obtained by dividing Rgsnirer in equation 3
by the number of bits per symbol, and is in proportion to Regntrol
in equation 3. Accordingly, Riontrer in equation 3 will be
hereinafter referred to as “control information coding rate (coding
rate of control information).”

25  [0013]



nunber of bl ocks per PUSCI1 subfranme, and Nsynb is the nunber 5 of synbols

per PUSCH subcarrier. The actual coding rate of user data is obtained by

dividing Rdata in equation 2 by the nunber of bits per synmbol, and is in

proportion to Rdaia in equation 2. Accordingly, Rdaia in equation 2 will be

herelnaﬁhir referred to as "user data coding rate.” 10[0011]1n equation 1,
IS nunber of coded synbols of control information that is set based

on the number of control information bits 0, user data coding rate R -data,

APUSCHof f set, per confrol information.@ Vs the upper linmt value of the

nunber of coded synbo|s of control information.As 15 shown in equation 1,

t he nunber of coded synbols of control information, Q, is set by the

smal | er one of the nupber of synmbols QL apd upper limt value Q.

[0012] Hep,e, eqéation A is nodified totﬁrOJlde %géipn 3.As is the case

wi th Rdatawim ggaal ¥opr2, the act upl ; godi NG %% 20 control information

i s obtai ned by=dividi RequroI i n equé&t on 3 by the nunber of bits per

synbol, and is in propprtion_to ReD11,101|in equation 3. Accordingly,

Rcontrol in equation wi t45-he hereinaftet referred to as -control

i nformati on coding ratel¢cotingate of control information)." 25[0013] (

. (Equation 3)
where ‘_ﬂ is an integer noft greater than x, and max(x,y)} is the
5 value of the greater one of x and y. In equation 3, RI1 is the
coding rate that is set based on user data coding rate Rga¢a and
PUSCH offset, APUSCHoffset, per control information. R2 is the
lower limit value of control information coding rate Roontro1. AS
is shown in equation 3, control information coding rate Regntror 18
10 set to the value of the greater value of coding rate R1 and lower
limit value R2. A case will be c}.escribed below where coding
rate R1 is greater than Jower limit wvalue R2, and control
information coding rate Riegntro; 15 set as coding rate R1.
[0014] In this case, 1in equation 3, when PUSCH offset
15  APUSCHoffset is greater than 0, control information coding rate
Rcontror 18 set lower than user data coding rate Ryaa. 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 1s possible to lower control
20 information coding rate Rioniror than user data coding rate Ryaea to

enhance the capability of error correction of control information.



rUNG 10 | Rdata ... (Equation 3) where H is an integer not greater than
X, and max(x,y) is the 5value 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 Rdata and
PUSCH of f set, APUSCHof f set, per control information.R2 is the lower limt
val ue of ,control_.information coding rate RconrroltAs is shown in equation
3, cont Colt2iHFbAndti on coding rate RO00i is 10set to the value of the
greater value of coding rate Rl and lower limt value R2. A case will be
descri béﬁoﬁé‘fﬁwwgﬁéﬁ’%ﬂ‘irﬁg rate R is greater than lower linit value R2,
and control information coding rate Rcontrol is set as coding rate RI.

[ 0014] 1 nO0Hid case, in equation 3, when PUSCH of f set

NPL!
5 3GPP TS 36.212 v8.4.0,"Uplink transport channels and control

information”

Summary of Invention
Technical Problem
10 [0016] However, when control information coding rate Regniror 18
set simply by using only user data coding rate Ry, and PUSCH
offset APUSCHoffset, per control information, there 1is a
possibility that adaptive modulation 1s applied depending on a
channel quality indicator of user, 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 Rg,a 18 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 Rcgpiror 18
set based on equation 3, control information coding rate Rcontrol

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



15APUSCHof fset is greater than O, control information coding rate Ra011101
Is set |lower than user data coding rate Rdata. CGenerally, unlike user data,

cont 1 ol ejeif OEMBhE QB fadi@lioh R T2AH0! tRAnCTIRIGAMTR reRVred 86 tak ForfthdPCH
of fset APUSCHof fset, to be greater than O and using equation 3, it is

possi bl 8H"g ié%%fc@a GRALT %Ifor%l%itig{gl?g (RO cf?sdﬁ&ﬁlm%%ﬁteﬁc% f@leof i yser data
codi ng rat ala $0 enhance the capa 1 y of error torrection of control
information. . Citation hist ggn-Pﬁ%ent iterature 001%% wﬁgl 536PP TS
36. 212 ¥4 §DIeeip10; R P HUFSH S M EHETHRET SRR SHREPYI CPHPb IHBTR I Sunmar y
of I nvention

encoded at a lower coding rate to have excessively high quality, therefore lowering the

efficiency of control infonnation.transmission.

[0019] Embodiments of the present invention provide a coding rate setting method and a
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.

Solution to Problem

{0019a] In a first aspect of the present invention, there is provided a user
equipment (UE) comprising: an encoder that encodes 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 being different from the second
value not used in a case that a rank indicator is 1; and a transmitter that
transmits the coded control information.

[0019b] In a second aspect of the present invention, there is provided a
transmission method for a control information performed by a user
equipment (UE) comprising: an encoding step of encoding a control

information in accordance with a coding rate for the control information



Techni cal Probl em 10[ 0016] However, when control infoation coding rate
ReOnt 101 is set sinply by using only user data coding rate Rdaia and PUSCH

of f set APMITHARE S@Mdin PehtLCRNEEIObaddl O MBbTRBs hhliBigtohs oFf PAESI biffset y t hat
adaptive nodul ation is applied depending on a channel quality indicator of

user, efficle f t 1 [ I ' L S8 1S reased
when r zaa‘;rhgu?n%}dg gt %&%}éngfofg%&a%&aﬁg hg%%ef}psf) r?g?stg:t ﬁ{ihfl %1%?:{&?2% ngfgger%tofrg?" dat a
CH') in_which u er}data S H%ansnitted,hi transmtt.ed. [OOHY]FO exanpl e,
when rafk 355G SRR o MY ata ‘oS i d ?gcaeprtafl%n“&{]gf‘%otrylsl s d&terforated
due to interference between 20 stireans (inter-sfreaminterference), in
adapt i VisapbaliFiagi vep of demnsguftangtie cededfppEg! AhP O dat a coding rate
Rdata is set |lower to prevent the decrease in the efficiency of

t ransniggilée] due thordeseedtorfathedprescepinventigualthene is[ pOV8i¢d aslohca case
where user data MCS is | owered by 25adaptive nodul ation, if control

i nf or madr o t16@diMeGibate Reeakdbd infernseiohasadhrivingquatdnenddig sonisol
information coding rate Rcontrol may be set excessively low As a result of

this, Tor,gxaumle en EHRN, WOEH ol BErdralltid Al GaLdQRneE WAtEONLs@hoChannel
(hereinarter referred to as "control CH"), in which control information is

transmitted, is . not.transmtte an he control .CH j o} ] to the

i nfl uencé tg*lf’ ?(fﬂigﬁf g‘rféhlgg{pﬁgtVggaelgﬁpéac&d,lgggﬁ% R SFenﬁ(%genéatoﬁggn) Oi?%%tencoded
at a |l ower. coding rate to _have excessively hig uality, therefare | owering
the ef fhavigBcgnoPt doif top (s BRrkhst %Cﬁaﬁegﬁgﬁi %&F%n‘fal[“@@i@ﬁ’ Etbodent s of
the present invention provide a coding rate setting nethod and a radio
communi cauiedreiappdiffarast fivar tbarsgsraderrlueonttrvied ii or pdtd Bretf# 6pibei ng
encoded at an excessively |low coding rate and can suppress the decrease in
t he ef finclieqtoy i0f1;cant molrahshorsimt isentibn ansifi gsiednto Sahsmiothd eoPedbl em

control information.

[0019d] In a fourth aspect of the present invention, there is provided a user
equipment (UE) comprising: an encoder that encodes 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 offsct value and a
second offset value, 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 transmitter that transmits the coded control information.

[0019e] In a fifth aspect of the present invention, there is provided a
transmission method for a control information performed by a wuser

equipment (UE) comprising: an encoding step of encoding a control

6a



[0019a] In a first aspect of the present invention, there is provided a
user equi pnent (UE) conprising: an encoder that encodes a control

i nf or Metiif@An ko ACEOLIANERnME 1hitd godidger alte foer tHeheosaRl riafoinni@simat i on
wherein the coding rate is set based on a offset having one of a first

gif ; fg}, e%?!a?cﬁnﬂ%ﬂ?hﬁodzggg%% of Féteﬂaéle%l g o bRSef %%inﬁ‘éh%%f y%@ﬁ ogﬁgpg

(0] val ue not used in a cas at a ran Icator is

1; and a transmtter th transmts the cqded cagntrol. inf.grmatigon. [0019b1
In a setdnd Bcte QP S Pr ¥ ttﬁﬁ\fhé’ﬁltiogﬁs;eqt‘f?g% ?%“%r%gfea% fom

transm ssion nethod for a control information perforped by a user equi pnent
(UE) cotiysriesiond: vadpe enboared) 18 epssfthahadankgndicadnt rofayHftortaliosn in
accordance with a coding rate for the control information wherein the

codi ng thane?; snbettrdnasetionstepodf senshanimgtheneodifd eorftrekinfofthgepnyal ue and
a second offset value, the first offset value being different fromthe
second MA)1wg] MRta Hised akPed SR phRbnBid@nkidnNdhedt Of pidvilled andkdce
transmtting step of transmtting the coded control information. [0019c] In
a thi r deSPeLlnsfisie & PR8I NKEN Alon LORLEidifiePLRVlRd i devige or a
transm ssion of a control information conprising: an encodi ng section
configured.to encode a control .i.nformation in_accordan W th a ing rate
For t hebGUETIS fonf Gt £ onnRer Br i EonrRg RaRes ot et thded F05 o

of fset having one of a first offset value, and a secon% oﬂLset val.ue, the
first offisér venigel HECRGatoPf BREFINFNEIHBE JaLHAT SEhPAEEHAE u9dEFin a case
that a rank indicator is 1; and a transm ssion section configured to
transmi bating coded axbnstr offs¢nf ekuratidnr. s§ooidifs¢tnvalueouhe Hirgs pdbsct of t he
present invention, there is provided a user equi pnent (UE) conprising: an
encoder vilhat b&ngodi€feranic Ot ahe isetondatalwn oinfly acedridanceasavithdt & rankli ng rate
for the control information wherein the coding rate is set based on a

of fset BanMingraneqehi & bt kdreqhfiget MA MeaA06i&isRceBdoRIdonelsural ue, the
first offset value being different fromthe second value only used in a

case that a rank indi.cator ;. . o or nore than 2; and a transmtter

t hat tr%ﬁgﬁ?fg%FH§K%€d§HRE§ﬁ$¥§ﬁH?% %Tnation. [0019e] In a fifth aspect of
t he prefent i_nvention,, there i% rovi ded. a transansion met qg for a

cont r ol LYHEA nEtd 87 Pk PSP RgP §}Peap]i?§8?t HET SR 9 OISR hESC an
encodi ng step of encoding a control information in accordance with a

codi ng statienf appartatiscepmpoisingif or mEtiiog skREPB| tpihereddinget at@disg set
based on a of fset having one of a first offset value and a second of f set
val ue, ftdte foirnkt cohfreétinfabhueidebag dof faeo Eatt haomet dvee s€adidt wekaee onl y
used in a case that a rank indicator is equal to or nore than 2; and a

transni {5jyedasd ePs@fondr 8186 Vhivyg thberiendedsaoniiuel binkodimadrean frd@019f] In
-a sixth aspect of the present invention, there is provided a device for a

transm gpl Qedq FafROPlusbB A FALI@NHGOTPELA Pdi Al IRAING. el | on
configured to encode a control 1nformation 1 n accordance wth a coding rate
for the control i,nfor i on wher.ein the coding,rate.is set based on a

of f set H?V?Wﬁgﬁﬁgugﬁégﬁq%g¥:%ﬁ1§§fa aﬁﬁé%gﬁﬁgﬁﬂgéggﬁﬁn%ﬁ?%et val ue, the
first offset value being different fromthe second value only used in a
case t h&?0 o hlafk ainnéig?‘égoﬁ*sﬂeé‘rt sfullie Pacwnt peventiRan therea it PAOYI4EdsAi ssi on
section configured to transmt the coded control information. [0019g] In a
sevent hcadpectaef sttimgomestbntl fowvenntoh, inffhenetips pedoinded by badasst at i on
apparatus conprising: an setting section configured to set a coding rate
for thesgeiy &pdrafier ciahpARinasac @iingd soéf sekehibM NGodine eftedotithst of f set
val ue and a second offset value, the first offset val ue being different
fromthe second value not used in a case that a rank indicator (R) is 1;
and a transmtter that notifies the coding rate for the control

information. [0019h] In an eighth asggct of the present invention, there is
provided a coding rate setting nethod for control information perfornmed by
a base station apparatus conprising: an setting step of setting a coding
rate for the control information based on a offset having one of a first
of fset value and a second offset value, the first offset val ue being
different fromthe second value not used in a case that a rank indicator
(RI') is 1; and a transm ssion step of notifying the coding rate for the
control information. [0019i] In a ninth aspect of the present invention,
there is provided a device for setting a coding rate of control information
conprising: an setting section configured to set a coding rate for the
control information based on a offset having one of a first offset val ue
and a second offset value, the first offset value being different fromthe
second value not used in a case that a rank indicator is 1; and a



[0019Kk] In an el eventh aspect of the present invention, there is provided a
coding rate setting method for control information perfornmed by a base

st at i oncARPSY HYSmMEHORH3e0®n a5k hiakghsbap o¥fa Fiett bfBeaveRdi ngl sate for
the control information based on a offset having one of a first offset

val ue ang a4 §§§9t”%ﬂfef Sk MAlUsrstNGaldd %Hﬁ fd%ﬁ%r 'H%HP‘%hé‘%e%Mere”t

fromthe second val ue only used In a case t cator 1s equal to
or nore Hhan(ﬁf ‘ﬁg rans sion,.ste of n gfyl g the ﬁpdlng rate for
the contd'F Tl BRI 4nSe T outs 131 TPHC ATPRAY T W HsiBett 2BY & HETFPEaRt
invention, there is provided a device for setting a coding rate of control
|nforna@ﬁ@ﬁ)dﬁﬁﬁ@ﬂggﬁ@e°9ﬁ”§bﬁﬁ?ﬁ8f§@EPP%HOEHH®F@GP@& to set a coding rate
for the control information based on a offset having one of a first offset
val ue affd 1#1% & analinoli faspectval the, ptasenf imsantofd, gbereved pidethg défiter ent
fromthe second value only used in a case that a rank indicator is equal to
or nor efdrhasitdig antkodif g ansai 651 @htsACtH rnoh goheditiagnodd fyettihg codi ng
rate for the control information. [0020] A coding rate setting nethod

accor di ng.¢ {4 EOPOLLIRNSsfa L& LR £3EMEr 'cHB’@@ﬁﬂeruﬁ%}ﬁaﬁoﬂs@Jseg%@aCOd' ng
rate to be adaptlvely set according to a channel quality indicator of a

user as_ erence_val.ue erence. e type of
control® Lﬁ&ﬁﬁbﬂ“?é”S%stﬁﬁ%ﬁuftlp eie as?£1¥%xgéggygd5 ghgﬁ%ﬁt r ank
indicatign of a data ch i.n mh ch the r data i§ transmtied, and
sets th%%éer V%We‘élellnéf‘e&%ﬁ@%t SEIRIADSS SORBABE TOAGERED brf 8D Hyirate
[0021] Disclosed herein is a radio communication apparatus co r|S|ng a
codi ng ramtke indicatar ng seend onh rhmimssian gcoten denfagewdl g relly ttbebe
adaptively set according to a channel quality indicator of a user as a

r ef er encedingl 1aes febthal amnttbleinfefeadnge val ue corrected based on a type of
control information to be time-multiplexed with the user data and a rank

i ndi cat '{m Rf 18 dadanchagreelosi e e%mt ey S RSn, dRkRe i $ phbARA 4 ade as a
the control "information coding rate, and an encodi ng section that encodes

t he con on t LA 170, d
Advantagggﬁg'gé QBI €m$§§§9 |%ﬁSF36§§Qk ccor%I todeﬁ%g%ihg%¥§§%f t he
present invent OSSIb| reve ntorol inf tio rom bei ng
B rcodedrit 5h the el dr RO ToRriHG: Phres DArUbSUBR U of AT HECRE e | -t he
efficiency of control |nfornat|on transn155|on Brief Descriptiaon of

D][awi ?gﬁalflwoiﬂaf} a Secé)ndFPt@SitEVn’ghff tilhéé:ﬁflsdl?féfﬁw%lﬁév@%?gadlrfﬁiffnbémigé ation
of a tenuinal according to odi men o] e present invention is a
bl ock dilagsamnshoaitngndy need icontaguihat iaorandfindicodi ngeqadletoset iomg secti on

according to Enbodinent 1 of the present invention; FI G 3 shows an
exanpl eqifn @;r aplt hnfrangmidon Bhf seftitiadltbcacedind ngtd FoEmirdiczantoll of the
pr esent i nventi on; FI G 4 shows anot her exanple of a rank information

of f set hﬁ%hﬁaa%ﬁerding to Enbodi ment 1 of the present invention;

[0019%] In an eleventh aspect of the present invention, there is provided a
coding rate setting method for control information performed by a base
station apparatus comprising: an setting step of setting a coding rate for the

control information based on a offset having one of a first offset value and a

6¢



FIG5 is a block diagram showi ng a nmain configuration of a teiniinal

according to Enbodi ment 2 of the present invention; FIG6 is a
bl ock diagham shewatua R ﬂr&oﬂfﬂsgyrv%!d@!&e?ﬁg i R NOrhal fhealdchpg section
according to Enbodi nent 2 of the present invention; FI G 7 shows

an SXamplofud 3kl MEOLIRL A0 381chaPLe aancordl 09 L QuFrbodigent 2 of

the present invention; shows "ano I if ormati on
of fset table according to odi ment of th resent invention; and
FIG 9 sﬁ&ﬁ@swmaﬁo%tﬁigpfés?é s T Sodiagicat hor it SOHToh FOBtmEBRo
according to Enbodiment 2 of the present invention. 10 Description of
Enbodi nEHtIP1] 0024] Nowlfthepbpelitnenti§eopraskiet ppeseinen. fhest isoprowidedpa
described in detail with reference to the acconpanyi ng draw ngs.

[ 0025] ( &hiedifoenttiti)s A5Adias eamw ¢f cherderdviriaedohercen piitimgt he qtdsent
enbodi ment where a control information coding rate is set by a offset

cor r espand{ dHWcbOfi fuf@lo §AA 688ineMNra0¢ for €l Bofdfol M fMPGHRoHS®Ised on a
datai stransm tted, when adapti venodul ation is applied
offset having one of a first offset value and a second offset value, the first
offset value being different from the second value only used in a case that a
rank indicator is eqgual to or more than 2; and a transmission section
configured to notify the coding rate for the control information.
[0020] A coding rate setting method according to embodiments of 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
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.

[0021] Disclosed herein is a radio communication apparatus comprising a coding rate

obtaining section that sets a user data coding rate to be adaptively set according to a

6d



according to a channel quality indicator of a user.Control 20 information
may i nclude ACK/ NACK, RI, and CQ, for exanple, and is tinme-nultipl exed

Wi th usgianfat qudi@y BelitdiansMat dsed af 0@ ch&r Mhinal oPRaMRS Usfefdes unaf ter
referred to as "terminal”) to a base station apparatus (hereinafter

referred to " e tlon) . ont - nf t ing rate
can' be. SatutinarPaF GhB5 Sy PR 0 B S ARl RO WL B D
descri bed, bel qw where the control informatjon coding rate.is set at a

t er mi naftd fé@%nng?%@an 06 a1 Fhapng lé‘g?’g{‘:ﬁsthﬁ\}&s?f 42 i sEuHed: garalPfon  of a
term nal according to the present enbodinent.ln FIO.1, receiving section
110 of e@vgl naformetor sapingsese, randi on racediok nipeierc tthanenepdes gy eprit@r ef i x
(CP) renoving section 112, fast Fourier transform (PET) section 113,

pr opagatnfa@maah hasdtonrthd cornro$ edbinaniod tddidemmdul ati on section 115, and
decodi ng section 116. Further, in FIG 1, transm ssion section 120 of
termnal 100 conprises coding rate setting section 121, coding rate setting
section 122, coding nodul ation section 123, codi ng nodul ati on section 124,

channel i .l exi i.,on: 125, discrete Fourier 10transform spread- OFDM
P B g 5E b e

(DFT-s- addi ng section 127, and radi o transm ssion
section 0028] Radi o ,recei vin ection 111 converts a,received signal
ecel vtk ARCERPEHAH RS ShARa PSP e SuEpeablone BRedbang
signal to CF renoving section 112. 15[ 0029] CF renovi ng section 112 renoves
a cycl i eonsrobfigrpation Fom peingensededri 78 eSrgnreholarpidifg B rRESEIEEei vi ng
section 111 and outputs, as a tine donmain signal, the baseband signal
wi t hout the dCRrchse iFFR efEciengnoflcb8irol] I0ABMRHMAT trammiswon. 113 obt ai ns a frequency
domai n signal by
Brief Description of Drawings
[0023]
FIG.1 is a block diagram showing a main configuration of a terminal according fo
Embodiment 1 of the present invention; FIG.2 is a block diagram showing a main
configuration of a 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 table according to
Embodiment 1 of the present invention;

FIG.5 1s a block diagram showing a main configuration of a terminal according to

Embodiment 2 of the present invention;



20performng a fast Fourier transformon the tinme donmain signal output from
CP renoving section 112, and outputs the obtained frequency domai n signal
to propagation path estimtion section 114 and denodul ati on section 115.

[ 0031] Propagation path estimtion section 114 estimates the 25propagati on
pat h environment of the received signal by using a pilot.signal contained
in the frequechv&o%ﬁai%béiogﬁfaﬁl%af?a@tshpaﬁn@? St BANTHSI T HAB 00 duts the
estimation result, which is the estimted propagation, path environnent of
the recéiVHd i GH&l 5ot b HEndatl &M ot Sectingh 10155 bodbPpdiodul Gk i Gif
section 115 applies a propagation path conpensation with respect to the

f r equenddf edémai I siA&M:whi ch 5 is output from FFT section 113, and from
which the pilot signal is renoved, based on the estimation result output
from propagat ifor3 patsth @gsi wat ¢ oamgdet pom? reak Foforeratiganpiifedt fonlesect i on
115 denodul ates the frequency domai n signal after propagation path
conpénsatdcor diagetc ghmtbived igaget NCsfddieudedsant tihe epasenstation, 10 i.e.

t he sane nodul ati on schenme and coding rate, etc. to obtain a denodul at ed
signal, and outlut$ shewsbeabmnbkdr denvaplat ed sigek ind oderodiong odéeti on
116. [0033] Decodi ng section 116 corrects errors wth respect to the

denodul aeéde si greddiog patE fivlond deapdud atfi Ore geesiecon ihdntionlSirobt ain a
decoded signal. Then, decoding section 116 extracts, fromthe obtai ned
decoded si gnalEIGn? oshatisony sucinashan ¢ ndopiet icdn adatan ls eguisnuoeatitche
nunber of bits per block K' the nunber of subcarriers per subfrane the
nunber afffsyntiabd e perc subioar toelf M sditiett 2a cPUSCGH pofekset ,inarchtaodat a CH

r ank

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 1is applied
according to a channel quality indicator of a user. Control
20 information may inciude 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 set 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



20 indication (the nunber of a rank for a data CH). Information about M
and Nsynb are set at favorable values at a base station by being adaptively
nodul at ed according to the CQ transmtted fromterm nal 100. Decodi ng
section 116 outputs the extracted information on Kr. Wse and 1\1"m, to
coding rate setting section, 25 121, and outputs,the extracted_ rmation
o tha PUSGH 16T FYBR! aRBCPRGT A H0 b S APk TG CHEPOA T I5 Kodi 45, Ptk Jsetti ng
section 122, . Rdata based _an i formatiﬁn 8 Kt, Mse, and, Nsynb i.nput from
decodi ngc§&tYith 306 0Baddd SHUAINS ]Z.Q:oapﬁbprrléteé §eP19 Mg esdeinén 121
outputs the set user data coding rate Rdata to codi ng 5rate seEtti ng section
122 and S€68i 9y Inolukael tn Pe&éx dir Hh3enfQoasy sesdi g | hte feat thi tigt Séct i on
122 sets control information coding rate Ricontrol based on infornmation on
user datt&aRotRTY (BFd)IRIaEEH O™ Hd PUBCRIPELREERD R tfd! Bat o TH §HARD

i ndi cation. The internal configuration of coding rate setting section 122
and & he 110het Heen od ukati pngseshitatol Lilnf.or Aadi oAccodiing r atetiRcodtlifl wil |
be described | ater.Coding rate setting section 122 outputs the set control

i nf or mathwriheodi hy rfEte. R comrsei i 159 odods st iawdul AP d?rfs&:ltfilb‘hailﬂlpo[ 0036]
Codi ng nodul ation section 123 generates encoded data by 15 encoding the

i nput usermgatse shaxedingh 1afeoryritiog onctiser Hala eoding rate RAHtAZout put
fromcoding rate setting section 121, and generates data CH transm ssion
dat a by sesdiudmt it 1.t hedgeperat édl &ncoded cdata. 1 83di ngdimdubhaedvhaigedt i on
123 outputs the generated data CH transm ssion data to channel nulti plexing
20secti orciPon [ 0837t Badined nodulptdomsentdtonnlld4 gendsat el dneovdied dat a
by

10 transform-spread-OFDM (DFT-s-OFDM) section 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.

[0031] Propagation path estimation section [14 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



encodi ng control information based on coding rate R conttoi output from
coding rate setting section 122, and generates control CH transm ssion data
by nodul ating the generated encoded data. 25Codi ng nodul ati on section 124
out puts the generated control CH transm ssion data to channel nultiplexing
section 125. kg 38] Channel nuItLpIexing section 125 tine-multiplexes the
dat a CHESLHRASHT dsh UHP 388 Ho8uPBaR $RBMTUERRY bddical Fon! settiign 21234%nd t he
control CH transni ssion data output from codi ng nodul ati on section 124, to
gener at & SHP EUHR Bd SEF Birfdhildsi-on data. Channel nul tipl exi ng section 125
outputs the nultiplexed transm ssion data to DFT-s-OFDM secti on 126,
[ 0039] DEPIS2OFDVPsaRe f Bha D@ oRHAITAS ol FT eAROALSS dBndITS PEigGiapnpyath
performng a discrete Fourier transform (DFT) on the nultiplexed_ .
transni SHBACAAEE Butplth Fesmeehaidibemire 4 pragyng ogeet ori ¢124. PRTLE- OFDM
section 126 maps the frequency 10donmin signal on a transm ssion
subcar rilerouipetf orove AN T neetsen flakt. podr fieamt warishothe MikrT)signadhe mapped
frequency domain signal to obtain a transmn ssion data sequence, and outputs
t he obt aiemeev e d arbarisskicon tdat &sseyaenue e udP addh Wy fsest i prP PPFatipe040] CP
addi ng section 127 adds a CP to the transm ssion data
path estimation section 114. Further, demodulation section 1153
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 Ngymp, @ PUSCH offset, and a data CH rank
20 indication (the number of a rank for a data CH). Information
about M, and Nyn, 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 Ngymp 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.

10



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 transm ssion data sequence, and outputs the
transm ssion data sequence with a CP as the baseband signal, to radio

transm ssi gn _section 128. 20[ 0041] Radi.o transm ssion section,128 converts
t he freiﬁéﬁé@;) w‘d%‘?‘rfé%ﬁéé? % tt%@%éﬁ%@&%‘& u3gi pffﬁ‘aIfF%l%ﬁ %?&&ivng

section 127 into radi o frequency bandwidth to obtajn _a transm ssi.on signal,
and t r adsnict sg?ﬁ"edoﬁtnai Wé”&gmaa%% St \gl#fsi 3&% \?i“gal al sant ehhRut from

25[0042]FIG 2 is a bl ock diagram show ng an internal configuration of
codi ng 198 K is56 vt} b %zazs%@ccfbrr o PR O 1t He p%é%‘g’rﬂg rAi6ds RS
[ 0043] Rank i nformation offset obtaini n%msiecti on 1221 stores rank .
i nf or matic6hl Of f 5ot eakpels12be FRIWRET AfdaobPdiRg Falfk Foffisdtd ARANRSS f set
fromrank information table 1222 correspondi nlg to the data CH rank
i ndi at ir8he Rerikin ;SSehER R drt dfemsbe oddBige mpdol 107 $€ ¢id odx hEdi-ned | at er .
Rank information offset obtaining section 1221 outputs the obtained rank
of f set ARARKASf f Seedime ciodiengetdng cakcéitatl g selt icom t1o23 nflogpua)icsdi ng
rate calculating section 1223 sets control information coding rate
R cont r glo Wagedath Riser:: dabaseddd mg nrigre a0 o nRam uPUSCH @f £ 96t n APUSEHof f set
and rank of fset ARANKof fset, corresponding to the data CH rank indication,
based oR equathenPAISCH048]fset, 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'conirot Will be
described later. Coding rate setting section 122 outputs the set
control information coding rate R'ioniro1 to coding modulation
section 124,
[0036] Coding modulation section 123 generates encoded data by
i5 encoding the input user data based on information on user data
coding rate Rgara Output from coding rate setting section 121, and
generates data CII 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'cgniro1 Ooutput
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] Channel multiplexing section 125 time-multiplexes the

i1



[ 4]

4 . M 0 _Apysell ARA K cffieleSel 101 Rdata ... (Equation 4)

where rx1 is an integer not greater than x, and max(x,y) is the val ue of

the greater one of x and y. 20l n equation 4, R |

set based on user data coding rate Rdata, PUSCH offset per control
inforna%jon which i

10

15

20

25

ata CH tralnimission data output from coding modulation section
123 and the control CH transmission data output from coding
modulation section 124, to generate multiplexed transmission
data. Channel multiplexing section 125 outputs the multiplexed
transmission data to DFT-s-OFDM section 126.

[0039] DFT-s-OFDM section 126 obtains a frequency domain
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
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.
[0040] CP adding section 127 adds a CP to the transmission data
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.

[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.

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

present embodiment.

12
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defined as APUSCHof f set, and rank offset corresponding to the data CH rank
I ndi cation which is defined as ARANKoffset.R2' is the lower |limt value of
control information coding rate R controi A case will be described bel ow
where coding rate R | is greater than lower |limt value R 2, and control

n cquat POR 3, ORAGK: e TRERVRFOBf aRT of CERTOGTIS Bt d A GONE the
numher o SOSST SYTEOLS 1 SONUEL [Rbarallen  The nurher of  caed Syrbol
(Equatlcz)lnRi)NKoffset from rank information table 1222 corresponding to
the data CH rank indication. Rank information offset table 1222
5 will be explained later. Rank information offset obtaining
section 1221 outputs the obtained rank offset ARANKoifset to
coding rate calculating section 1223,
[0044] Coding rate calculating section 1223 sets control
information coding rate R'cgasiro1 based on user data coding rate

10 Rygata, PUSCH offset APUSCHoffset and rank offset ARANKoffset,

corresponding to the data CH rank indication, based on equation

4.
[0045]
[4]
R,comml = _O-; = max © =y © = maX(R']., R’2)
15 0 4-M,_
0
“oger” e
10 0 ’ Rdam

... {(Equation 4)

where l-x—t 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 céding rate that is set based on user data
coding rate Ryua. PUSCH offset per control information which is

defined as APUSCHoffset, and rank offset corresponding to the

13



where H is an integer not greater than x, and mn(x,y) is the 15 val ue of
the snmaller one of x and y. As is obvious in equation 4, according to the
present enbodi nent, by correcting user data coding rate Rdan usi nhg PUSCH
of f set APUSCHof f set, corresponding to a type of control information and

k of fset ARANKoffset,. ndj ng t data _CH i ndicatign,. it i
20poss Bt bIbot g A AELTBAVALEh  atlh BaRng °r APE < kbfslol X2 || ' °

i nformation, co invg rate R’Acontlrol I othgr ]\glord}g‘| by setting.the user data
codi ng Pat dDRdARY ¢T o IHB 1 AdAB PV el §F sEPTAERbr 41 %YI{%E}[% GE&E "EQ T2%s a
reference value, and by correcti the reference yal ue based on PUS

of f set %@fﬂ‘offgetc,aséowléip}b‘ﬁ 11§ edhd e lopheV BT EoRe FUF & i 1S #atca_'on,

and rank offset ARANKof fset, corresponding o the data rank indication,
it is pos§sBhfalilo den kv ebr Fdetiod T derbnte ¥ u@0§§r‘$n‘tr’rafg’lf“?%tf18ﬁ1rrati on
coding rate R control 5[0048] As PUSCH of f set APUSCHof f set corresponding to
t he %ypéodkingohttOR donfror ABtSEn?s AAROZATK S & Used when control information
is HARQ ACK, ARl is used when control information is R, and ACQ is used
when col@0di6]i nf Eufdbedn 1B CQUAtIOR dxarfpl 65 AR Cof 6@ Cor¢espBalivlg to
the type of control 10 information such as AHARQ ACK, ART, and ACQ is
report ednfpomadi paskt tst anfoR visatlae Higmber| af &0 ks who Patdnt o ptteh at ur e
1). [0049] FIG 3 shows an exanple of rank information offset table 1222
stored iingpd@athenr ank hfcor matmbRrof PSet cowedi nisigngedsi onl 15cappnol
According to the present enbodi nent, rank information offset table 1222

st ores nafkroffisen, QARANKoP fseantesk by gaeateenval ue for a data CH rank

i ndi cation of a greater value. For exanple, in rank information offset
table 12224M FIG 3, rank offsets ARANKoffset, are set at froma to z in
ascendi ng order of

(31

O

PUSCH RANK
TP gffet +Aoﬁser

10 10 R

Q'=min| , 4-M

$C

data
... (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 Riaca using PUSCH offset APUSCHoffset,
corresponding to a type of confrol 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'ioniror. In other words, by setting the
user data coding rate Rgua, 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



20data CH rank indications, and ARANKoffset values of froma to z are set
to satisfy z >> b> a. [0050] As described above, by setting rank offset.
ARANKof f set of a greater value for the data CH rank indication of a greater
value, it is possible to correct control informati on coding rate

25R control, be obt |ned based on e tion 4 beco when t he
data CH!Y&Sk ?ﬁdlc@a&tFB i Torapdpn.| ]éé‘r?éﬁ'alol $se&hﬁﬁ\ﬂ%@ﬁf§a
interference between str be reat.er when.a rank i |cat|on S

gr eat er SPHEFEPBREINGhkh ¢ eggfiaa éﬁr%‘kg' ﬁl&&ﬂ% it§ 1ISaP8éSﬂ? i &dapt'i ve
nmodul ati on, user data MCS is lowered to ensure.r ception qualijt That IS,
in adapt*h\?ecﬁﬁﬂmtﬂq dRel_BEC IR & O r&gori'tétc’é Féélg‘i”émlaél%%tc? &Hfhen a

data CH rank indication is greater and the influence of i nterference
bet ween Ktreans is greater.

5 [0048] As PUSCH offset APUSCHoffset corresponding to the
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
).

[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'contror, 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



[[0052] Therefore, in the case where user data coding rate Rdata is set |ower
i n adaptive nodul ati on, when the control information coding rate is set
usi ng only PUSCH of fset, APUSCHof fset, per 10 control information, based
on equation 3, for exanple, the control information coding rate is set
further |ower than user data coding r.ate Rdata Accordingly, . there is a

P ShcesThrarye

possi bi 1185P PRAt 2E6ATT 01V Piformaedn 0 16ALEHE ol St S 56 (6% ces fow
coding rate. %0 53] I n_contrast,. according to the present enbodi.nent, the
Scontr ofDEAr briasd Silco g B 8PSty TBy2eqUR: POAPA Uei MG WHAR U set ,
ARANKof fset, of a greater value for a data CH rank indicatign of a greater
val ue, W edddrtd MAC O TaN o7 524 LBeF MEBRE MEIC S dF nd¥ R U - By TRt s Smeldns, t he
control information coding rate is corrected higher_when the data CH rank
i ndi cat %R VEr dap ep12D0and Yseti dgiesinli@a of Previheria t ke Eohtrover:
information coding rate from being set excessively low In this way,
accopdi iyhes endapr esEhteidodinFBse i ¢ P sposyiaftet odBdaithet heklgmn gl of
information coding rate by correcting the user data coding rate, based on
the di f figt@RERS edfe ot REtWSRINUBRISR 1BF lisngEed&@Tence bet ween 25streans that a
data CH suffers and the influence of interference between streans that a
control [G4 54 f ekker §100%4] & ddsc hidsed abovie, docar diakg ¢ ot hepr es@ntRaaa

is set lower in adaptive modulation, 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 1s set further lower than user data coding
rate Ruata- Accordingly, there is a possibility that control
information is encoded at an excessively low coding rate.

[0053] 1In 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 1s 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

16



enbodi ment, coding rate setting section 122 corrects the value of the user
data coding rate to be adaptively set according to a channel quality

i ndi cator of a user, based on the type of control information to be
time-multiplexed with user data and the rank o indication of a data CH in
whi ch user,  data is trapsnmitted, and sets the rected val ue of, t he coding
rate as EHROLLRERS TSR b ot gt S8 TG SPSToESathg VA €4 i ng
section %22 sets the user. data codi ng) ratée ta b(j adapt i vel)é/ set according
to a chdRfeMs§hatidty CRGIEE dAEf 18 PeridARUY L EF §FEAnRECOAFERE &8r fect s
the 10 reference v?l ue.bgsed on the type g{ﬁ(scocﬂtrol i nformati.on to he

ti me- mulCtidPeed WAt Y 4881CEE A HUnd RETr ShditdticonyBf 8TdaP At in

whi ch user data . is transmtted, and sets the corrected reference val ue as
the contP&PTIRLE? Aatd ofc cHdR ymrdl B lepsid XAl s e o sthtag 2t d Dsetfiig
section 122 sets control information 15 coding rate R control tq be

ti me2 mulRipfesed Riftd didar Cdhia, Widedduent tvdR tat B2 Rl hg -at BIREHE] PUSCH
of f set APUSCHof f set, per control information, and rank offset ARANKof f set,
correspdhdi AYTERF EddadueHo £ atfke i9RH idel iTéhe BasdE wrdgahtind®rmalionss] | n
this way, according to the present enbodinent. the 20 val ue of the user
dat a codiofgngatiétifs cdbrécted Wusas oftlitthe alyde ofe ¢datr ol23 nfofsmdticon and
the data CH rank indication, and the corrected value of the coding rate is
set as tisercdats olodimformati on vdidipiisedy Byt Blico rfeaAstO ey ehaiHent t he
rank indication of a data CH in which user data is transmtted is 25

gr eat er qgarditheindieratdat @ fcadi wWiem.ates iss edicrcower vialugdappirvec tfoddieat i on,
it is possible to prevent the control information coding rate from being
setl@éxcessevehye | oadandbssppr ess thhetydecpdasenitnot hie fefrfol giiemcyt oofbecont r ol
information transm ssion. [0056] Further, by correcting the control

i nf or matti o -coditngleat @ ot hecome dhit gher d viben randai ad GH namk oif nai &atta on i s
greater, it is possible to correct the value of the user data coding rate,
5 based’ Hdn inhewtiéli emsnce daftat he itnfihsmnce df dmd esber etice betweardst r eans
that the data CH suffers and the influence of interference between streans
that a ceftrehcEHvaulikterss, e asonhorsetidfiermserordatadéodi ngteat e Fas t he
control information coding rate. As a result of this, even when the user
dat a codixtgnpdé e ciesliengt renelsyetibhglawtibh i182pesss bl tro i prefiamt a tibe
control information coding rate from being set excessively |ow and suppress
t hei slecreeatieid natheref fj.cj encycotimantondlipndordrat i dn dyeaangakssitaned 0057] A
case has been described with the above enbodi nent as an exanpl e where rank
i nf or matgpn; 0ff gk a0bb ai Mk NEh12e® 0N P22ICH offset APUSCHoffset, per

control information, and rank offset ARANKoffset, corresponding
to a data CH rank indication, based on equation 4.
[0055] 1In 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 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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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
i nformation offset obtaining section 1221, however, may not store rank
information offset table 1222, and may cal cul ate rank offset ARANKof f set

based on the equation shown 20as uation.6 6] . ARANKof fset = (rank

Chd cat defreasy B AR LS T EonaRon ST i G Ealbr b OF SPOBSSFERP L her, 1t is
not nec ry to_define the rank offset at a 25different value for. each

r ank ingﬁigﬁﬂon,géﬁﬂ“ﬂﬁ &@’ﬁﬁ%gﬁﬁﬁénﬁotééfﬁﬁgnﬁﬁé 43R MR Bf £O&H Eor a
plurality of rank indications. For exanple, it js possible to divide data
channel TR&AK G ﬁﬁ9§é?Fo%%gh?%ﬂ%h%np?Lé%ﬂqt@ﬁqofaﬁkdﬂﬁgcﬁﬁl%ﬂnﬁhﬁfﬁét?ﬁe dat a
channel rank indications with a predeterm ned threshold val ue, and define a
rank of iketS f@IHAlCtHe COHECS! tRaf bR et i oh doditg I sied ai §0debenigifer when
a data CH rank indication in each group_is greater. 5As shown in F1G 4, for
exanpl e basedi 9 mddsi B Bl are nger iode LRk | 1Hdne nsrer 9t sntrrfecg80F P&EWEKE rank

i ndi cation of 2 or greater.(&gOSQ} (Enbodi nent. 2 A case has been
descri bedrewmts Hibodheehetal Giles el Tasiennd dag dn€Hienar ¢hdnéatfieds nics

transmtted, the control information
between streams that a control CH suffers, so as to set the user

data coding rate as the control information coding rate. 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.

[0057] 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

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

coding rate i t b d th k offset b d th i nat.i f
Che (ot AERI PamiC Al at o BT 1S CORTIRALIEA FhRk G481 COAPgE! Fa0ko) FI G 5

is a block.di agram shqwi ng a pai n configuration of ternmi nal , according to
e pr e B CRRLG et 1 B FOF TSI S o b Yl ooy dsentd SHBaa et i
FI G 5, par:lﬂsm%? t are the 20sanme as ig FIG1 will be assigned the same

ref erend@™h sled 48 ithaf &' SAGLEVer IR bl SRGEFBNS2HT | 15 pET
omtted.In FIGS5, terninal 100a is provided with decoding section 116a and
codi ng rdgdedettisRy secttiton Havanknt 1P NGB} ot Yy SELEF ofF EI624Ak codi ng
rate_setting section_ 122 in termnal 100 in FIG, 1. 25 [0061] is the
case’wi t'hs Wimbht F G . ¢ hdogopt pBIP fienf br Frﬁtli’%ﬁs@é&i HY ‘{%gé‘ecéﬁfb’én%‘et

either at a base station or at a ternminal, A case will be described bel ow
wher e t Wdfseht @glala>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.S5, parts that are the
20 same as in FIG.1 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 sectiion 122a instead of decoding section 116 and
coding rate setting section 122 in terminal 100 in FIG.1.
256 [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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i'nformation coding rate is set at a termnal. [0062] Decodi ng section 116a
obt ai ns a decoded signal by correcting errors with respect to a denodul ated
signal output from denodul ati on section 115. Then, decodi ng section 116a
extracts, 5fromthe obtained decoded signal, information including an

informati on data secljtrj(ﬁnce, Ehe nunbﬁ% o{ bits per block Kr, the nunber of
subcar r i Bf ST B QBFFFHRE FRLC e Hufbér 'O 4P Abol s per subcarrier Nsyrnb-

t he PUS ffset, the data CH rank. indication, and the control ank

i ndi cat i?é{ﬂ%:zﬂO[ 0N TEdHHI A§CEEd | M%fng{’iﬁﬂtrbgut% tdt?é:oe‘% aéf%ﬁgrn%’é’r mat i on
on Kr, M, and 1\11,], to %odi ng rate setti ng Zect(%on 121, and o¥t(ﬁuts
i nf or maCPSAC bH teh & TSI 9Pf BRtP e ¢hE0 datds ERIPARIE ¢ R4PEAL | bht b Tt he
control CH rank indication to coding rate setting sectiaon §'L22a.
15[ 00641 CHuP Yl # e S8EEiHy Islett i o424 eSS TEREFHI O f ot et (A CEDdI ng
rate Weontrol based on information on user data coding rate R(?,ai a, the
PUSCH of faBt , thad ¢he186rbi ASEPIR dof St&et ldat A i akHIR T niR &bt ke add t he
control CH rank indication. The internal configuration of coding rate
settingiséermanian2daml e eehodher n2oskefi nh RiGAt PSE Phe ok nbti ot ecodi ng
rate R control will be explained |ater.Coding rate setting section 122a
out put s nieketr ebnitbearifsr nReT o ROdiME Mhatcet G & ot W@ io@d] &Y e Kect i on

124. [0065]FIG 6 is a bl ock diagram show ng an internal configuration
of codi mgir atebeerttiieng Seoti.onthe2® A8EJE dinigsed. t hee 25ptlesehtt e i nent .

indication, and the control CH rank indication.

10 [0063] Decoding section 116a outputs the extracted information
on K,, Mg, and Ngymbp 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'coniror based on information on user data coding rate
Rgata, 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'contror Will be explained
later. Coding rate setting section 122a outputs the set control
information coding rate R'¢ontro1 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

25 present embodiment.

[0066] Rank information offset obtaining section 1221a stores

rank information offset table 1222a inside, and obtains a rank
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[0066] Rank infornation offset obtaining section 122la stores rank
informati on of fset table 1222a inside, and obtains a rank offset
ARANKof f set, corresponding to the conbination of the data CH rank
i ndi cation and the control CH rank indication fromrank infornmation table

222a.

ig&&in???g InL&%&Eﬁ%B?E&%ﬁﬁéggg%gkp 222?3 putsgfﬁ£ﬁlgfgfk€£eiaﬁg of f set
(o] t t I

cal ﬁ%ﬁg@ég;fm 4 g@f? %@%ﬁ”ﬂz ?ﬁfﬁtf} 1 RS PR B T

of fset AR {albico glr%i%andi Rt ﬁ%fﬁ;t@ﬁﬁgﬁ*?’%%e ab? 328 Tank

|nd|cat|on and the ontr CH rank i cati.on ased op. e uatlon
[ 0068] FIrG1Y é)r?ov\éxaﬁ |@ffbff ra d‘ﬁfdPr?ﬁf Ii%Pfs‘%—ff gble élga ®stored

i nside the rank informt ff
cased whéretidie h%&iﬁuﬁwéggs %Mlseg%tggit%ghnkg "SER O ARANK 0T, 1991 @

coding rate calculating section 1223a.
[0067] Coding rate calculating section 1223a sets control
information coding rate R'gontro1 based on user data coding rate
Riata. PUSCH offset APUSCHoffset, and rank offset ARANKoffset,
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
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

necessary to consider the difference of the influence of
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i's 2. According to the present enbodinent, rank information offset table
1222a stores rank of fsets ARANKoffset, corresponding to the conbinations of
a data CH rank indication and a control CH rank indication. The

rel ati onshi p between rank of fsets ARANKoffset and the conbinations of a
data CH.rank.20i ndi cation and a control CH rank indigcati wll be

descri bdd BT FOTRIIRES St 4R ' calat APS ndEid. ¢ H i 45t fiithe Mat a o
rank indication and the control rank indication are |. both the data CH
and the ‘Egﬂ‘E?%?ecﬂgdbn ot G ér %IH%%‘?%r SHES Bat WaBh 95 stPBEHY. cff

Ther ef or e, . .when opt ai ni.n he control informatipn coding rate by correcting

t he usersutﬁFés'codjgﬁ@OFQ%Igng’t 35S SO ekl <ty b Gohendap Tk neh ¢ ¢er ence

of the influence of ipterference between streans that the data CH suffers

and the ﬂﬁ‘ff%‘ﬁc’él Cat iR BrAEd dicecBALRLA Bt Fonf HHAR 1Mo 26nt r 0P

suffers. Accordingly, as shown in case #1, when both the data CH rank

ndi eat (i S8hd RAGN Koriitp6f 1ors ¢k § ndV Ban bankreffsetr ARA NK offisedt 1s

ARANKof fset is set at 0. Wen rank of fset ARANKoffset is 0, the contro

i nf or mat'-ohh & otl? Al Yad B ebmadi desc Ml the t e ccs@ilng ¢ af ewi Hatthios coetingased on

equation 3. [00701 As shown in case #2 in FIG 7, when the data CH rank

i ndi cat iréfcitdat igndet hesednPRob 4R YHNIB i ndi cation is 2, only 10 control

informati on suffers reception quality deterioration due to interference

bet ween [$t7dbms . Asnskhivg daseaseamie off et ARANKbE isehe | dasetCht Tanla<0) .

By setting ARANKoffset smaller than O, it is possible to set the control

i nf or matiipgiceddimgis at eanBt dhged ddsed 6iieganki onddchbiwer ishah tdmelycontro

information 15 coding rate obtained based on equation 3. By this neans, it

is pbssidsimred erfvamcetithe sudpabi Iriecyg péforrqorlicor dect iiomadforodt e olo

information. [0071] As shown in case #3 in FI 6.7, when the data CH rank
interference Dbetween streams. In this «case, 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.
[06711 As shown 1n case #3 1n 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 i1s 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. DBy 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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indication 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 offset ARANKoffset is set at b (b>0). By
setting ARANKof fset greater than O, it is possible to set the control
information coding rate obtai ned based on equation 4 higher than the
controltf$?%WﬁﬁfV%H coding rate obtai ned based 25 on equation 3. By this

ible t t cgntrol..information f i ded at
- oxcedLVRY o LR Ry TPare ind e dBpFdSE Tnd ks B ST H (h8 SRFRCi ency
f trol, .inf. ti t 1.5sil.pn. [[0072] As .sh [ #4 in FIG7,

ahen 1 habeis B GH FRHKC Ak CARInCAhd 2o’ KANE FUI TORTPank DOV ot i O ar e 2.

bot h the, data and the cantrol suffer interference between streans.|n
5t hi s cé‘slg, ABHe P Ar PaBR ST AEERor BhE6 Hemder Soreains e e ghhai dér od t o
be gfproxlnately equal pefween user. data and control information. .
Accot di i8Iy, cd$esh %ﬁ i MA@ 4, OfhdtBEEH AHE dREAVES T afkt 48P cdSi on and
the control .CH rank indication are 2, the val ue éc), corresponding to the
slight TONsdiffeferCe f BRETONLMALTIE FT9Yht ePFEVESEe HEEWeBAl St PSS t hat
the data CH suffers and the influence of interference between streans that
the contoditrCH sufFIER3TIaN t heAcomithn 8RY i ok stia® iid bét vigdit a basWhsiat i on
and a termnal, is set as rank offset ARANKoffset.Wen the influence of
i nt er f eberide Bet wdeha 15sHr erick t hadigabama epdsuftfer soanget h€ H nflRiénce of
interference between streans that a control CH suffers are equal, rank
of f set ARAMKefifoget anay e et #pl0Oc 4§)i scomscepgadwieh (wasthe slight
[ 0073] FI G 8 shows anot her exanple of rank information of fset

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 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
ARANKo offset 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 122%a. FIG.8 shows a case where the maximum rank
indication is 4. The relationship between rank offset wvalues
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
256  #1 to 4 in FIG.7, therefore the explanation will be omitted.
[0074] 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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tabl e 1222a stored inside the rank information offset obtaining 20section
1221a. FI G 8 shows a case where the maxi numrank indication is 4. The

rel ati onshi p between rank of fset val ues ARANKof fset and the conbi nations of
a data CH rank indication and a control CH rank indication will be

descri bed bel ow,, The expl,anati for . cas #1.t0 4 in FI.G.8 .aare the sane as
for cas@se3ssh (i fhe FAa'S, CRerandy d NG "bkbanct THHT \w 1T OBE S Pt od.

[ 0074] As shown in cugages #d5 and 9 in F1G 8 and as | tk[g]e case Wt gase #2
n FI G 7oSSRGHPE helEORLY o/ TR I AHK S nd Tk ofc 87 e b edP@P ¢ RAR! t K- data O
rank indication, control infornmatiqon reception quality deteriorates nore
sever el yeERBA UWsefVdat e or etpt it8n ﬁlfal Sfﬁ%rﬁﬂ}éet oo{hégﬁi flf‘g‘é?‘l%‘ée offt he
influence of interference between streans, In this case, ran offfset 5
ARANKof flBEETfied eg& sREILNEE Tt hart 02 MHy set P ng! TRANKGSEs et ' 8RE | &F %Han o,
it is possible to set, the control information_coding rate_obtal nggG based on

equat | ot BANSRT Te plan st e to iR pBIeTi if@mnet i onPeodictg Tt é Fobfet Akt Yased on

equation 3. By this neans, it is possible to enhance the capability of
error c6itederdh ar lofilconPedS1Ph dPndh 6he ¢ tufilsi niayanapigyn &pdipRe, when
t he greater absolute value of rank offset ARANKoffset is set as the data CH
rank i ndpéat iondigcdmabpeedt hah theuednr of O VaRk it cdbroncorhelcont rol
informati on coding rate becones |ower as the data CH rank indication is
smal | er inhanmaiéo Boae Aok ¢ CFR Fearkb tBingdl ddtsiesh. oThet @R ofien i3 | S podlsishl e to
prevent the control information reception quality from being deteriorated.
[ 0075] Asnehbtn it iscagesifesio 7enhadce ot ciap aiG Y addewrn §othecidade with
case #3 in FIG 7, when the data CH rank indication is greater than the
cont?ol odH samk dilndindatinerijonhe Userthdat gase, 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 control information from
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20reception quality deteriorates nore severely than the control information
reception quality due to the difference of the influence of interference
between streans.In this case, rank of fset ARANKoffset is set greater than
0. By setting ARANKof fset greater than O, it is possible to set the control

25i nf or mat.i on codgﬁgkr te obtai ned gasgd on gquatiqp 4 %jgher t han .t he
control JHAG FRCOSH T Edi Y F5E e YA nEa™bE88d" 8n" Bqudtidon U8 P EY St i
nmeans, it is possiblg_to revent coptrol iqfoﬁgation.froq1 being encoded at
an excessi V@A W d8Gi g1 A And® SupPrESY tIRd 4Bt é88e HARERE &t F F¢ci ency
of control %nfornati n trans 'ssi%g. IE this casgb‘fPr ex;ggle, wh%g_the

gr eat er 1&b&BIUCE STalifd 618 oVisdt TARMIDE et 05 &I VAL UeEnR ! R cH
rank indication is_ 5 reater than the control CH rank, indication, the

cont r ol qfrfﬁsﬁrrétfi%ﬁ\”éagfﬁ@t rigt & Yecome hi gAt: 541t hanlat' 8 dCHatigHK 1
indication is greater than the control CH rank indication. As a result of
this? itelicdttfssitn ttélepré?\?’éﬁtmiong%l iadrlor HEEi6A ¥ bm BBENngCBRAEEYHed at
an excessively |l ow coding rate and suppress the 10decrease in_the

ef fi ci edéyosfiatoAtr o0 ¢igfr ks ohe ¢ p Brfsni Bisglbtr 200vee A@tahdwd ititdases #
8 and 13 in FIG 8 and as is the case with case #4 in FIG 7, when the data
CH r ank inddc@éatqonisagdeaher ddfty dhecriopdpk! i GHi ¢anikonn di eadgual , Ahe
influence of interference between streans that the data CH suffers and the
15i nf | uesalofof rihepf dit ebic @ st Réent SR arnt kantrpé iodwrmpttion Jupfers are

considered to be approximately equal.In this case,
being encoded at an excessively low coding rate and suppress the

10 decrease in the efficiency of control information transmission.
[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 equal, 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 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

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

control ff in the comruni catj.on st at bet b. t af.i d
t er mi nal{,glé'ﬁ?ise"taﬁ g@‘gaﬁgog‘fsf R :A?F@% T see}fa"flg’\smgﬁ % hgr%in%f I azfﬁ)gzmgﬁllo%n and @

|t or { GPGREE! BBPNECh SEF camECEhat S19t0 'EBM # BF° CRALTR of Cogr o)

ence of

Eg%lé} & ank
[0077] FPES Shond 2yér  afbt e - Dxetbl &1 1 ANKTHE of Feviton DR AUE {3 e

1222a stored jnside rank information offset obtaining sectio 22l1a.ln
FI 0.9, ah f¢dneséal OFaﬁdeiufr%L’tWA NK‘o@PlFlz’éPa#éma%fPEea ’Eaaq?a"ur%ni‘%y of
ank i.ndication

conbj nations of a data CH rank 5indication and.a control CH
at rank PAESRPEN G biF et gt aldi n’ga%]éc}t‘?%‘rfaﬁ??a?ﬁ/b‘faen]%p’ébé
identical rank offset ARANKoffset is set for the conbination,
CH rank 9fAgFbat PR ARG BREcUnt FBE 1eH r dhRTE ntl eatfi6A! Be 28qd

TRATHON  gn

¢

ere the data
npgal

rel ati onshi p between the conbinations of a data CH 70rank indicatign and a
cont rol redkr arfifsehdideh NIno At ir ARk sef f §et  HRANKPRYS&R P P| YHEe fesidrs bed

bel ow. FI 0. 9 shows a case

data CH rank indication 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.S.

f0078] 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 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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where the maxi numrank indication is 4, as is the case with FIG 8. [0078]
As shown in case #1 in FI 0.9, 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 streans. Further, when both the data CH
r ank in%fcation and thﬁﬁﬁontzgi CH rank 1 ndication are %ﬁgah and are 2 or
gr eat er 9 &'Ae’ § HE R US4 U6 1 nt e £ EHUEE ShBY e i S S EF & Pt L PEnEO BEEY CH

suffers.%gﬁnd t he i nfluence of ip&erference betggfn s% eans thag th
control 1BHOEHALEP R e FUnSdefBAltY bd Uapptoxitiat efly %dﬁé‘lc.e [0679]%n this
case, mheﬁ t he datg CH rank indication and the Cfntroj CH rank
i ndi cat i'8hlBFRCeqOal 1D FHHIETEPFEet® ARMNKDT $ 96 1S setaths a8 i§™hat t he
i nfluence of interference between 25streans is equal between the data CH
and t he oddntt ol AR NFooBOleAs showieli n &04gésT #otlealin #1 G 9, BithesctHétdat a CH
rank indication is greater than the control CH rank indication, the user
dat a®r edepttiddh oddiapt t greetar itdedt &b nidr s s@vssébye t hansehetitonepsfrol
i nformation reception quality due to the difference of the influence of
i nt er f ed@heemsci Meno §1 R aifd el AbL Al ke ddxased drik witaiep nARANKDR ¢ 5 eth 4
setgreater than 0.By setting 5 ARANKoffset greater than O, it is possible
to set tthe eontrol iphe omedt bre cddl g atat @b bbirel hédk ssased 6n vaduari dn 4
hi gher than the control information coding rate obtai ned based on equation
3. By tHy thdanmedns.i st pospd biid leot presen ntomntob!liinflormeaiion from bei ng
encoded at an excessively |ow coding rate and suppress the
being encoded at an excessively low coding rate and suppress the
10 decrease in the efficiency of control information transmission.
[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
26 information to be time-multiplexed with wuser 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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10decrease in the efficiency of control information transm ssion. [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 exanple,

in FIG9, wh . 15 relati i hol ds,. the ¢ L
|t or el §ort GO " LU HGnER Gn.  PB*Bata Cof 1enk Ral i1 8n i <

transm &§F8h
coding rate setting section 122a corrects, the val ue, of the user data coding
rate toVBeUaddairgely St - €6F8Fﬁgvﬁgu§ Eﬂéﬁﬁepnqﬁg?i{%p?nﬁfdﬁyhro f a
user, based on the type of control ,2? informatjon to be time-nultjplexed
Wit P userfuapatany tthe BenliiiBHIGP ?ﬁéddaﬁét%}ﬂ%%ﬂk A&R c T ntgﬁd t he
control CH rank indication, and sets the caorrected value of the caoding rate
as theceank rAtipaf GfndlFofatddChly Tedtke. ITKHC At 500 coIf ngh ¢ af @0 bt ithig
section 122a sets the user data coding rate to be adaptively set according
to a chanpkl igdafitipri.ndincht dptofthe weyresded referenee valle, adothécts t he

reference val ue based on the type of control
control information c¢oding rate. For example, control

greater than the control rank indication. A di pal it.l iblet

Bt ovent SEBARTDI 3 71 Tt (B Fr6i B81 g thobied B tanextdas! el Rl Codi ng

rate and supgress the decrease in.the 2Qefficiepcy of controlfjnfornation
B T IR G had 2ablvd L EBF AT Y TotiE T pf st 'EnBBEF nent |

information coding rate, R'eoniror, to be time-multiplexed with user

10 data is set based on user data coding rate Rgaa, 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, 1t 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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5 information to be tinme-nultiplexed with user data and the conbi nati on 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
exanpl e, control information coding rate. Ricontrol to be time-nultiplexed
wi th user 10data is set baifd on user gata Cﬁdgng rate Rdaf a. Pusq@(ﬁfset
APUSCHo ' §SE Bher \EIHE P8I 15 Mot ol S dAl F &k bihedt AP ARMNKDFE &R 1Y
corresponding to the combi nati on of the gata CH rgnk.fndication %Pd t he
control RTTAME 1t cati®or, BALE if 'SqbAti SR AT O L Spdeag) Fipenerd By

correcting the control information codﬁng £ate to be higher when the data
CH rank TPhéli 8¢ JF N tgr dafersethg® Hha! cOMtP B 2P B afiR A& CALF0RC @t is
possible to correct the user data coding rate pased on the djfference of
the inf llGERdBAdF Tt B tlrBHcel Yatiiteh S1h eQMiathatha HaPArGY stPPEIY and
the 20influence of interference between streans that a control CH suffers,
and Zet PABTEGHEPBICPFLF F8tfon coding rate. As a result of this, even when
the user data coding rate is low, it is possible to prevent the control
i nf or matlif® lodi gy thgtre ity bin Psiong o6t b bk cldisdi Beby sk ot b stippr 688kt he
decrease in the efficiency of 25control information transm ssion. [0084]
Al t houglv fdases ARaAR Hoeéft dedarsitbed aovid casc x| d8 faheragie he coshnmol
information coding rate is set at a termnal, the present invention is by
no nmeangaltgmamad reporhitde and iank o fidqatld § ApN&sidlsetttvar debaseaktsati on
sets the control information coding rate and reports the set control
i nf or matthen toditegnriatad r@na cldmminghs sontivdt inhermaithpnatodamgom@ n t he
reported control 5information coding rate. [0085]Further, it is also
possd bl ertihat tlae bape rsedtiaork odifset ank AGY Kedif s ARANKof f set i nst ead of the
control information coding
[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.
f0088] 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 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 LST is adopted here but this may also be referred to as “IC”,
“system LSI”, “super LSI1”, or “ultra LSI” depending on differing

extents of integration.
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rate,

termnal can obtain the control information coding rate 10using the
reported rank offset ARANKoffset. [0086] Further, it is also possible that a

base station reports a rank information offset table to a term nal

hi gher
CH and

for present inventio

the different ,reception qualities require t he
[ 0088] Altphg&glhscéélé]s  REETHRRH dB8CHF b ilhcatfﬁgi ShbYR! & b8 HEhET?

asexanpl eswhere the presentinvention is _configured by hardwar
i nvent i G I Sl BEC beS YU i Fedd PobyP8SF t&re | f&%ﬁéﬁ i

t i BA WK

[ 0089] Each_function bl ock enpl oyed i n thebgescription f each of the

af or enertti bied 1 @Abadi nenPEogap it pgbdal (fye

PrpIEABHNSd | &s oL gprray

constituted by an integrated circuit. These may be
5  (FPGA)

10

1b

20

or a reconfigurable processor” where connections and
settings of circuit cells within an LSI can be reconfigured is also
possible.
[0091] TFurther, if integrated circuit technology comes out to
replace LSI's as a result of the advancement of semiconductor
technology or a derivative other technology, it is naturally also
possible to carry out function block integration using this
technology. Application of biotechnoiogy 1is possible, for
example.
[0092] The disclosure of Japanese Patent Application No. 2008-
307658, filed on December 2, 2008, including the specification,
drawings and abstract, is incorporated herein by reference in its

entirety.

Industrial Applicability

[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.
Reference Signs List
100, 100a Terminal

110 Receiving section

30

and report the set rank offset ARANKoffset to a termnal so that the

via a

| ayer . 87] Further, t t inyention i t linmited t
ABOE o eind 1% 080 BT CEMa! 1 SERAH Yo ScRANEIS!

a data
avi ng

, the present
£RHET-dwar e.



i'ndi vi dual chips or partially or totally contained on a single chip. 25

LSl is adopted here but this may also be referred to as "ICG. "systemLSI",
"super LSI", or "ultra LSI" depending on differing extents of integration.

[ 0090] Further, the method of circuit integration is not limted to LS1's,
and i npl ntatipn usin .dedica#ed circuitry or general purpose processors
is also gggsi ‘%.%&f%?eﬁ§mgn§ﬁ& 'Yture, utilization of a programmmable field
progrannﬁﬁée e array 5 %FPGA% or a reconfigurable processor where
connect i and JEMTTHYEE SFCE19%uit cells within an LSl can be reconfigured
is also ﬁngigkﬁf [0Q91] Further, if integrated circuit technol ogy cones out
to repl ace’ LSFis! #8¢4198sult of the advancenent of semiconductor 10
technolog or _a derivative ?{her_technology, it is naturally al so possible
to carry gﬁt PIROEESH BR KD AEEGRAEiUh SGSTHY N t hi s t echnol ogy. Application
of biotechnol ggy is possible, for exanple. [0092] The di scl osure of Japanese
Pat edt AppPi cAt§BRING2tobgect 5 B07658, filed on December 2, 2008,

i ncludi ng the specification, drawi ngs and abstract, is incorporated herein
by ref erghée lilpg t sDegeidisgyse¢tidist rial Applicability 20[0093] The present

invention is useful as a coding rate setting
12 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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met hod and a radi o communi cati on apparatus used for the radi o comrunication
system usi ng adapti ve nodul ati on and M MO technol ogy. 25Ref erence Signs

Li st 100, 100aTerm nal 110Receiving section 111Radio receiving section
112CP renovi ng section 113FFT section 114Propagati on path estinmation
section 1I6EBBYMBdul ati on section 116, 116aDecodi ng secti on 120Transm ssion

section 121, 122, 122aCoding rate setting section 123, 124Codi ng nodul ati on
section 10125Channel nulti pl exi ng section

1. A user equipment (UE) comprising.

an encocder that encodes 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 valus and a second offset value, the first offset value
being different from the sscond value not used in a case that a rank indicator ts 1;

and

a transmitter that transmits the coded control information.

2. The user equipment according to claim 1, wherein the coding rate for the

control information is set depending on a type of the control information.

3. The user squipment according to claim 2, wherein the type of the control
information is .one of a HARQ-ACK, the rank indicator, and a channel guality

indicator (CQH.

4, The user equipment according fo claim 1, wherein the first offset is used in

a case that the rank indicator is 1 by the encoder.

5. A transmission method for a control information performed by a user
equipment (UE) comprising:

an encoding step of encoding a control information in accordance with a
coding rate for the conirol information wherein the coding rate is set based on a
offset having onz of a first offset value and a second offset vaiue, the first offset
value being different from the second value not used in a case that a rank indicator
is 1, and

a transmitiing siep of transmitting the coded control information.
3z



126 DFT-s- OFDM section 127CP addi ng section 128Radi o transm ssion section
1221, 1221a Rank information offset obtaining section 151222, 1222aRank
information offset table 1223, 1223aCoding rate cal culating section CLAl M5
1. A user equipnment (UE) conprising: an encoder that encodes a
control i afornet dencd for atrensrdasiceoia tdnt@! ndatmagon edrepdsivg:t he contr ol
informati on wherein the coding rate is set based on a offset having one of
a first offset analaneoding secdetoraligirpdetc \aiilcode & heentior defogratioat inval ue
being different fromthe secongd value not used in a catggé;légat a rank

i ndi cat or 3FECr4aNEAHE CPURS FAlE ?Dé (9% FRARIOt MERTRIOR WhREIT BB &t

informati on 2.. The user, egui pnent C in | aim rein the
codi ng r ats lf’%sr’“dtci‘?ea ﬁﬁ?%rhglv' pn‘f’groﬁaatfﬁ%né%{sg{ \s’%f’ s %E%eanséﬁcﬁéd 8%83 ks f/JSE of the

control ipfof %ﬁs%maﬁ@[ blgiﬂgd%?ern_tﬁ%!tﬂgg&or@?\%gjeﬂi\d%%s%%?% @éé@t@ataﬁherei n

the type of the contro ormation is one o the ran

i ndi cat or ra@nddidaehannahdqual ity indicator (CQ). 4. The user equi pnent
according to claim1l, wherein the first offset is used in a case that the
rank i ndi cator a sardsriiysivhesadinie ovtgigursl. to Aatsrain $r ssied comet rdgfabona cont r ol
information perforned by a user equipnment (UE) conprising: an
encodi ng step of encoding a control information in accordance with a coding
rate for '\tf1e cg&trol inforg&}%on wherein the coding rate is set based on a
of f set having ohESYFEHHTIE SO FEEIUal ue and a second of fset val ue, the
first offset V%#Sn&%bfgaﬁéé{g%gBtcoﬁ{ra%fwﬁatﬁﬁ%é?%gcaééé%% W8ta U581 n a case

that a rank indicator
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
being different from the second value only used in 3 case ihat a rank indicator is
equal to or more than 2, and

a iransmitter that transmits the coded control information.

B, A transmission method for a confrol information performed by a user
equipment (UJE) comprising:

an encoding step of encoding a contfrol information in accordance with &
coding rate for the control information whersin 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 being different from the second value only used in a case that a rank indicator
is equal fo or more than 2; and

a transmitting step of transmitting the coded control information.

9. A device for a transmission of a control information comprising:
an ancoding seciion configured to encode a confrol information in

accordance with a coding rate for the conirol information wherein the coding rate is
33



a transmtting step of transmtting the coded control information. 6. A

device for a transm ssion of a control information conpri sing; an

encodi ng section configured to encode a control information in accordance
with a coding rate for the control information wherein the coding rate is
set basedebhasedopt acaffsghdaying @n@ ope fst offsef valupad & spepndaaftsehvaldeond

of f set vaI u? &%fl rst offs ue bei n% different fromthe second val ue
not used ‘hfigte V?‘H&tbeé‘gr%{ ‘Rrei‘ éqrﬁéﬁ“b?e gd yalug i usedin &fass At &sect i on
confi gured 0 Irfa Qoﬁ code tro information. 7. A user equipment
(UE) conpf ”ks'inﬂ'ﬁa &R edud ordRRE R h?ﬂ encodes a control information in

accor dance w tQtrﬁp&ﬁ%'si%g se@ﬁc?h &ﬁng&r%% 5 QRS Al: tﬁé‘&?&é&‘a:%dn%n Of@gﬂé Lthe

coding rate is se ase having one 0 val ue and
a second offset val ue, the flrst of f set value being different fromthe
second value only used in a case that a rank indicator is equal to or nore

t han 2; agm)d a Am@@gjat,b@épbmmgtdom,mnbs t he coded control information. 6, A
transm ssion nmethod for a control information perforned by a user equi pnment

(UE) conpri si ngn setting sectichnceifigarédng set & podihg eateddr thg cantdritfoahationf or mat i on
in accordance with a coding rate for the control information wherein the
codi ng r daeed onseofifpidedingrore offd frst ofisativalyeorsl afseqotd plset ykiueetheval ue and
a second offset value, the first offset value being different fromthe
second vdalrgteof5at yalugéx@'ngwdiﬁe@@ééoﬂhﬁte georafayRdnelatsid ihs eggmthal @ or nore
than 2; and a tran tti step of transmtting the coded control

i nf or mat i8R g toﬁzfgb(‘:%q’f%}d a transmission of a cont rol information

conpri si ng: ure enc de a control

ect i.
Coformt on i n@ eeup B BBt BV RE SRSy PR ESr T SARER. ot or rc o
wherein the coding rate is
11. The base station apparatus according 1o claim 10, wherein the coding rate

for the control information is set depending on a type of the control information.

12. The base station apparatus according to claim 11, wherein the fype of the
control information is one of a HARQ-ACK, the rank indicator, and a channel quality

indicator (CQI).

13. The base station apparatus according to claim 10, wherein the first offset is

used in a case that the rank indicator is 1 by the encoder.

14, A coding rale setting method for control information performed by a base
station apparatus comprising:

an setting step of setting a coding rate for the conirol 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 rank indicator

(Rhyis 1; and
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set based on a offset having one of a first offset value and a second

of fset value, the first offset value being different fromthe second val ue
only used in a case that a rank indicator is equal to or nore than 2; and a
transm ssion section configured to transmt the coded contral informnation.
10. A base st ata pansapgadradies oCestprinGiheGoding rate foltPe S8kt RorERELH.ON
configured to set a coding rate for the control information based on a

of fset having one of a first offset value and a second of fset val ue, the
first offset value being different fromthe second val ue not used in a case
that a rank-i ndh8a6sfo[ |tling & cading rrde af eandmbkiniormation ererriséigi fi es the codi ng
rate for the control inf?rmati n. .., 11. The _base station apparatuys according
to claim 10, V\h%r}%%%ﬁ’gﬁ?@ *%8‘?%@“?%8 SPLF cpgiag E‘:‘Hﬁ? "ol'e PHRET FERTTEHCT s set
dependi ng p : L i_Ol. 2. Th station

appar at ug eedoh g SRALY 2 s SO B P Mool dids

i nfor mat i Gisti HsOn@ R bandBRSGMIsort bR §2BkKd VBRCA: Use 3*‘\1% @as%hﬁz'rﬂna?l qual ity
indicator (CQ). 13. The base station apparatus according to claim 10,
wher ei n t heni ihdisstooikfisetd is used in a case that the rank indicator is 1 by
the encoder. 14. A coding rate setting nethod for control information
perforned by a dhisesrassion sacligppariivwed dompkiysihagroding rate foamhesedrttiong st ep of
setting a coding rate for the control information based on a offset having
one of a fiPERaERf set val ue and a second of fset value, the first offset

val ue being different fromthe second value not used in a case that a rank
indicator (RI) is 1; and a transm ssion step of notifying the coding rate

for the Col%t.rOlAbggeoét%nié%@ara’c&écorﬁprg%\éi ce for setting a coding rate of

control information conprising: an setting section configured to set

a coding rate f&fsdiig &RObHk 0bnfighfLs BREL HBMAS Bile GFF tAe ObhmBinidimaking one of a
first offset value and a second offset value, the first offset val ue being

di f f er ent Hasednot eofseCoamdhy abaief aditst wied \ialuesarzhs eetdiat oftser adile,ithgli cator is
1; and ’ a transm ssion section confié;ured to notify the coding rate
for the cdidtradise] viiusy heing @ifferent from the second value only used in a case that 2

rank indicator is equal ic or more than 2; and

a transmitter that notifies the coding rate for the control information.

17. A coding rate setting method for control information performed by a base
station apparatus comprising:

an setting stép of setfing & coding rate for the control information based an
a offset having one of a first offset value and a second offset value, the first offset
value being different from the second valus only usad in a case that a rank indicator
is equal to or more than 2; and

a transmission step of notifying the coding rate for the control information.

L
w



16. A base station apparatus conprising: an setting section
configured to set a coding rate for the control information based on a
of fset having one of a first offset value and a second of fset value, the
first offset value being different fromthe second value only used in a
case that 18 r arkddvingifonsading scatinmiate of controlonfermation @mpgisidga transnitter
that notifies the coding rate for the control information. 17. A coding

rate setting mEVHEHINESECEINEIHIUNEH D PR ?Wﬁ)@ﬁﬂ W%CW%'”M@@’“%% ation

f f
oty B 2 st evingens e Hebesd tﬁﬁﬁ%ﬂgf%%@'n%%f%ew ey thet Feer
val ue andsa, $8c %u%fééﬁ a¥altesokhee fd eéa%dtg {Jésmy ¥ geaaeg il T.f er ent

fromthe secon used I'n a case icator is equal to
or nore tm,g{im@&%@%g;wgmﬂg@tﬁgr st of notifying the coding rate for
the control information. 18.A device for setting a coding rate of control

i nformati on conrptramintigsion sectionapnii@iréd ng nskgtthoncsionfrhigubethet @nget a codi ng
rate for the control information based on a offset having one of a first
of f set valnervatidnia second of fset value, the first offset val ue being
different fromthe second value only used in a case that a rank indicator
is equal to or nore than 2; and a transm ssion section configured to
notify the coding rate for the control infornmation.



