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| DESCRIPTION RADIO TRANSMITTING DEVICE AND RADIO

TRANSMITTING METHOD 5 Techni?al Field [0001] The present

invention relates to a radio transmitting apparatus and a radio

transmission method that are used in communication systems employing

an adaptive modulation. 10 Baékgfodnd’Arl [8d02] Presently, in 3GPP

R ARAN LTR A srngMermigvolgtion) iy juplink, singleRcamierirangmissiomMis 111N G

gaining attention to achieve a Iom g%PPIEd%eak to Average Power Ratio).

Further, studies are conducted for a scheéme to perform "adaptive

modulation (AMC: 15 Adaptive Modulation and Coding)" for selecting a
Te c 48ELSPEElfig MCS (Modulation and Coding Scheme) pattern according to

a Caql &Channel Quality Indicator) of users to achieve high throughput. o
[000bbo3] EdrtheP, 16 Haibpt dddptive Mddulatihtaid Hybrid ARG Pa transmitting
a p p adawolink data chanpel i uplinkchaningl i dewnlink GQIR0 infarmation used in
com and d%wnlan]ASCI%IIt\légK inforrrf%tion are transgnitted ina cogtrql cthannnel.

' %6(514] FIE 15hows &M HAbI8 B R Fmial tiSed ftolr"ra‘alea%tﬁleu atrof.

modulation for a data channel and so on (hereinafter, "CQI table") (see,
B a c K example, Non-Patent Document 1). Here shows, based on 25 a CQI

value, that is, based on channel quality information including an SNR, _
100073kioud hfotfulidion séHerﬁéépa%dq%OAd g Fatds afd G8dd figm the kb ution) in
u p 1iskown ingfkG datordetenminesan MESforia data ichagnet.([0R05) Rurtherchieve a
ow Sudien argundenyay fo Jransmit ap ik datg 30 chanagl and an Wbl o .

control channel in the same ?rgme, and, furthermo €, to'determiné an
conduesedr fhercontrot Blsanrkel tat thie sbedentimieadsiart MCS fopthe ldataon (AMC:
A d a ghanpehvising g €Qldetarmining gthe MES farthe data chapnel (888 Ok pecific

example, Non-Patent Daocument 2), .
(?ulatmn and Coding )Scheme) pattern according to a CQI

MCS (M

(Channel Quality Indicator) of users to achieve high throughput,
[0003] Further, to adopt adaptive modulation and hybrid ARQ to a
downlink data channel, 1in uplink <channel, downlink CQI

information and downiink ACK/NACK information are transmitted
in a control channel.

{0004} FIG.1 shows an MCS table a terminal uses for adaptive
modulation for a data channel and so on (hereinafter, “CQI table™)
(see, for example, Non-Patent Document 1). Here shows, based on
a CQI wvalue, that is, based on channel quality information
including an SNR, various modulation schemes and coding rates are
read from the table shown in FIG.1 to determine an MCS for a data
channel.

[6005] Further, studies are underway to transmit an uplink data
channel and an uplink control channel in the same frame, and,
furthermore, to determine an MCS for the control channel at the
same time as an MCS for the data channel, using a COI determining
the MCS for the data channel (sece, for example, Non-Patent
Document 2).

[0006] Accordingly, similar to the MCS for a control channel,
various modulation schemes and coding rates (hereinafter SE:

Spectral Efficiency, and SE is defined as the number of bits per
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35 [0006] Accordingly, similar to the MCS for a control channel, various
modulation schemes and coding rates,(hereinafter SE: Spectral
Efficiency, and SE is defined as the number of bits per 2 symbol x coding
rate) are determined in accordance with CQIls. FIG.2 shows a concrete

sy m BGhmiplerFH e8| ta11e In Wificht 5586&HtdAY bétveen s BRdrnelsEh CQls.
F1G. andwpatrod channebSk aseeshewn. hybed ARQ is noC&pbpted d ¢hisin  which

__control channel. 5 Accordingly, control channel SE is set,up robyst with
5o S e Lo R S he i SRR S se e
s h o wguality B ydatisfied’elidd ini & pocrireception edvirommeht. sNonoPdtent channel.

A cc Roguymant 1.R1-073B445 Nakia "Update t,64QAM QLiables.i 3GRBspect to
... TSG RAN WGI Meeting #50, Athens, Greece, 10 August 20-24, 2007 L
COTs\bhiBatént Ddcuhtent 25 36BP 18436218 V8 06 fbi‘s.%ﬁn%dr‘é‘b‘r Avehtbha ity 1s

satisPichlems ¢a benSelveddy theclayention 45 {000Y} Hawever, with the

N oo 3PQYE;despribed techniaye, in dlt‘w’@“zo_?ié{%‘er%h% 18CePON date 10 64QAM
environment Is not poor, SE read from the table fully satlsfleg require

CQT dudityfor a édnitdl charfnelR and théletbreMvaisted eadiciésodrtBs are Greece,

A u g PEQvided ta usedhey control channel. As a result, there is a problem of

decreasing. 20 data channel throughput, [0008] This case will be
No g st DA BXap shom A EIC 3: Ro Showd i1 E1G 3, when a
data channel and a control channel are multiplexed and transmitted in the

Disc$8ME frame, the, sizg of resources that can be used is determined. When
~ “the reception 25 environment is not poor, SE that fully satisfies the
Pro bggiifed Quiafityd forva ool Idhanhiig 8ét,%ahd therefore control channel

[ 00 Orepourcesiarg wasted. Hewever,these wasted [eEOyEGaS 6aNNOt e husflue, in
as data channel resources, and.therefore data channel. throuthut

5 10 id 48 3e8 Mol foolf 1118 Hehdrbhd ot BBECY 8FiHe BrekenP hlehtoh’to & re#

from the table fully satisfies required quality for a control channel,
and therefore wasted radio resources are provided to wuse the
control channel. As a result, there is a problem of decreasing
data channel throughput.

{0008} This case will be explained as an example shown in FIG.3.
As shown in FIG.3, when a data channel and a control channel are
multiplexed and transmitted in the same frame, the size of
resources that can be used is determined. When the reception
environment is not poor, SE that fully satisfies the required quality
for a control channel is set, and therefore control channel
resources are wasted. However, these wasted resources cannot be
used as data c¢hannel resources, and therefore data channel
throughput decreases.

[0009] It is therefore an object of the present invention to
provide a radio transmitting apparatus and a radio transmission

method that improve data channel throughput.

Means for Solving the Problem
[6010] The radio transmitting apparatus of the present invention
adopts the configuration including: a modulation and coding

scheme selection section that switches associations between
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provide a radio transmitting apparatus and a radio transmission method

that improve data channel throughput..Means for Solving the Problem 35

[0010] The radio transmitting apparatu‘js of the present invention adopts

the configuration including: a modulation and coding scheme selection
¢ hangeckion thatswitchd Bssoeibtions'sbtween 3 laddnrel gadlityGRdidatgrsschemes
accoaddmodylation apd eeding scheses ;acearding ta-a parameteneiafadic rminal
. corinmunicatiora terminal apparatus, fo g‘e'{erminefa r’{mdulgtion and clg)din% ¢
PP ALAidHe of A contfol hahherbaled of the'assodidtions &ftér'the S em®e of 2
cont switchingy arnd & 5 codingrahtl Mmedulation sectiondliat erfdodesvantching; and a
codil dé’l?&e%cgﬂtﬁ'a E’P&%WJ'&% ﬁerm'g?derﬂngpg'sorh@ﬂp ﬁpg_'(ﬁlg lates control

scheme. [0011] The radio transmission method of the present invention
datajhoudés & sWieRg sdpdPswitching Bsddcthtfond Yetweel cchdmnel
[ 00 1qyalityrindicatersi and meduationiand cading schesmes 40 ageerdingitoiavention
inc1 fiameter of tadjo gommunication ferminal anparatus; amodulaion and, ., .

coai‘n'g séheine 'séiection sfep ¢ dé ermining’a modulation and do Ing
¢ ha ngohenewd b tpntiol €hanhel asedlonthedassotiationstafter theding schemes

accosWighing;:gnd g CO&%@@Q t E’&Oduéait'onr%tﬁl? &f eE‘BQQ&RQ; and madulating. r minal
control data by the 15 determined modulation and coding scheme.,

ap p aA@Hrttagoud Erfttd b triventibh [0022] Prie prédentifivenfidf provifless teP Of
d e t e pum agvantage@foimpiaving ndata chanmelthrosghput 200Brief Desoriptibrchannel
gf Drawings [0013] FIG,1 shows A GO fable g termingluses for adapiive , , 44 g
moddlation of 4 data channel and so on; FIG.2 shéws a*Concrete example &

m o d of alCOR tablé BhoWwiny" 25 Assdatiatinds bewbehrdatechamAdr SIE gheta by the
d e te CANMEPL ghappal Sk 6.3 Hlastrates how a datg ehannel and a control

channel are multiplexed and transmitted in the same frame;
Advantageous Effects of Invention

base

[0012] The present invention provides an advantage of improving

data channel throughput.

Brief Description of Drawings
[0013]

FIG.1 shows a CQ! table a terminal uses for adaptive
modulation of a data channel and so on;

FIG.2 shows a concrete example of a CQI table showing
associations between data channel SE and control channel SE;

FI1G.3 illustrates how a data channel and a control channel
are multiplexed and transmitted in the same frame;

FIG.4 shows the relationships between the received SNRs
and the SE when required BLER of a data channel is 10%;

FIG.5 shows the relationships between the received SNRs
and the SE when required BER of ACK/NACK channels is 0.01%;

FI1G.6 is a block diagram showing the configuration of a
radio communication terminal apparatus according to Embodiment
1 of the present invention;

FIG.7 is a block diagram showing an internal configuration
of the MCS selection section shown tn F1G.6;

FIG.8 shows an example of a control channel CQI table;
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FIG.4 shows the relationships between the received SNRs and the SE

when required BLER of a data channe| is 10%; 30 FIG.5 shows the

relationships between the received SﬁRs and the SE when required BER

of ACK/NACK channels is 0.01%; FIG.6 is a block diagram showing the ,

conflglithtibn of & Yaulio: &sthmtihicatiohidtina® Appar&ttd bcedrafygnel CQI
tabldEmbodiment | of the present invention; 35 FIG.7 is a block diagram

showing. an internal configuration of the, MCS selection section shoqwnin
105 F1c § ShoUS A cramplo et & cont8Fianel GG 4 Hig.g me7na!
co n f shows @nother @kamipies of &t6iitrol sivdnne! QI table; FI3110 showsrding  to

E m b HIPFk diggram sheying the pterna), configygtion of the MCS selection

section according to 5 Embodiment 2 of the present invention; FIG. 1 |

shoWd &h bkairplebt ahoffset IBEKUD tHbia Fid 12 Shiskahiestarpre: of

a control chanaebGQl table; xkik p13 shows a £ table accordingda) I table;

Embodi 3 pof the pr invention; and 10 FIG.14 shows a CQI tab

0T 10 CBOIort S0t P PreRBatCHibr! SO NGL fe 1 S of the
pres Qarrying Outithe Inverition [0014] Now, embodiments of the present

inveptiqn wil Re, 13 descrike in, detail,with,refereBCedothieh o diment 4 of the

~accompanying drawings. FIG.4 shows the relationships between the
Pres sddeil/By SNRE And the SE (Spectral Efficiency) acquired from simulation
results when required BEER of a data channel is 10%. Further, FIGS

shpws the relationships between the received SNRs and the SE when
Bt O Er o AIONALK oF Cohl ol hidle e 00196 According to
[00 1thé presentembodimeft EieHough tHe differenié 4 atéceivededNRO D will be

d e s c PebueeN Refermance, with AWGN.andSEithout freauensy MPPRIPIdRawings.
FIG.%Sg}la(l{;I\Z?vtgar‘gﬂvf\:/id}Q)lL?t?odnBsiQiapga aecth\ggréerll’ tp}?e received SNRs and the
SE (Spectral Efficiency) acquired from simulation results when
required BLER of a data channel is 10%. Further, FIG.5 shows the
relationships between the received SNRs and the SE when required
BER of ACK/NACK of contro! channels is 0.01%. According to
the present embodiment, although the difference in a received SNR
between performance with AWGN and SE without frequency
hopping (a 180 kHz bandwidth) is 5 dB in a data channel, the
difference is 9 dB in a control channel, and therefore the focus is
placed wupon severe deterioration of the <control channel
performance. That is, the focus is placed upon a significant
difference between the data channel performance and the control
channel performance in specific conditions.

[0015] (Embodiment 1)

FI1G.6 is block diagram showing the configuration of a radio
communication terminal apparatus according to Embodiment 1 of
the present invention. Now, the configuration of the radio
communication terminal apparatus will be explained with reference
to F1G.6. Radio receiving section 102 converts a signal received
via antenna 101 to a base band signal, and outputs the basecband
signal to CP removing section 103.

[0016] CP removing section 103 removes the CP (Cyclic Prefix)
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difference is 9 dB in a control channel, and therefore the focus is 25
placed upon severe deterioration of the control channel performance.
That is, the focus is placed upon a sighificant difference between the data
channel performance and the control channel performance in specific
fro medhditidhss 0D Bl EMBadhent 1P 30 M. 6fisWbck dibigtarmtstolbing ghes e ction

102, copfigwation of aagdiq ceammunicatigmterminalrapparatys asgonding, to

. Embodiment | of the present invention. I}low*p figuration of the radio
1001 g a8 A ST A AN o A 1ISVAAS ot 12 Form)
on thRIG.BnRadio receiving seetion W02wcorperis a sighal receivedi3baviee ction 103,

and HEPRI01L 02 base pand g'grﬁ"a gnd quinuts the baseband, SN0 ¢, 5y ey
~ CP removing section 103. [0016] CP removing section 103 removes the

e s tingp {eyclicePrefky 5! fiomithe thsebafd siyhit Butsiftted forh4dio

[00 1 eepeivingiseation) 102 ameautputs thegeisuiliingisignalde fhfasection channel
. 104. [0017] FFT section 104 performs an FFT (Fast Fourier Transform) .

e R e Sorhi SGRI Sl o CP Fobnalifg Shalbrt 198 03 ne ud ed

in thand ougputd theuepultihngdrefuencydémain sighat to chidAnela estimatibputs the

¢ s 1198599 102 and degodulagon $e¢tan, 106 JPPIR] ¢hannel estimation

section 105 estimates a channel environment of the received signal usin
[O0TEb pilbtasigithl HEIiEd S AR Sigrial wﬂﬁhﬁé‘a@rfbfrnerﬁfﬂr*%ééﬁé’ﬁl1”0ﬁ?Hr‘.g of the
outpoutputs the ol estimation respifttondleniedulatiancsection 106 [00d0modulation
sce§35°0,0n the channel enyranment estimation esyltofne ouiputedfrom, ;g
channel estimation Section alrbg efodufation “section 106 per orms 4
by rehetréhcmpensatibn fof ar sighil agqaived: by sebbovind cohtfolgnal from the

rec e iRfeUMation auch as the piet signal fromrihe 15 regaived signal putpyttede rfo rm s
from FFT section 104, that is, performs channel compensation for data

c¢hanpimatioR ERRREr 'd8Modulation setildd 106 dehtddltes the signal Further.
d e m @dfter thel channel téompefsatibnivasid!an ¢he same MGS dsatheeMEBe channel

com;%’lg%%!antm)enh%saesed on the same MCS as the MCS used in the base
station of the communicating party, and outputs the demodulated
signal to decoding section 107.

[0020] Decoding section 107 performs error correction for the
demodulated signal outputted from demodulation section 106, and
extracts information data sequences, CQ! information and
bandwidth information from the received signal, The CQI
information and the bandwidth information are outputted to MCS
selection section 108.

0021} MCS selection section 108 having a CQI table {(described
later) reads from the CQI table an MCS pattern associated with the
CQl information outputied from decoding section 107, and
determines the read MCS pattern as the MCS for a data channel
(MCS 1). Further, based on the CQ! information and the
bandwidth information outputted from decoding section 107, MCS
selection section 108 determines an MOCS pattern for the control
channel (MCS 2) with reference to a plurality of CQI tables
(described later)., The determined MCS 1 is outputted to coding
and modulation section 109 and MCS 2 is outputted to coding and

modulation section 110,
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station of the cornmunieating party, and outputs the demodulated 20
signal to decoding section 107. [0020] Decoding section 107 performs
error correction for the demodulated s)lgnal outputted from demodulation

_ section 106, and extracts information data sequences, CQI information
[0023dd pandWitth infotniatshiter the fecelvetsibAd). The cies nd modulates

us e r iafermationand-thedanedwidth infarmakion areautpaitedsto MCS selectionsed on
section 108. [0021] MCS tion section 108 havin | table .

M C SCTo B i FLAAR s O Ga o ML SRl asibrdg Tate data

chanwith the a@Qhinfornvatiod outputtell frongdecodinge sectionnkOf,iand 30 data for

the QPIEMINGS theiread MG pafiein @ the MGS [omqug?,qu%qp MGSin 111,

Further, based on the CQI information and the bandwidth inforniation
[ 002ddtputted 4idht deBdifg dettivhl 207 smes SeldctiBnsdeetichepognd modulates
c o n t detemingsran MGS pattern forihescontrol chapneldMCs ) wittte d from MCS
el (ir\ﬁference to a(g)luralli 8of Q | tables 35t %describted I?ter . The d'ate_rmined .
SeleMES is%utpltted 10 toding &nd Modulatioh Séfion 109 ARdMCS 2™ Fsston
data outplited g0 ooding @dd! modutaiionisectidm 1201 6 1[0022] Qodingandh annel is
o vt p PAAUAYRN sgetiop 109aneades.and madulates user flata received as

input (transmission data sequences) based on MCS 1 outputted from L
[002f1s delettidtdedtin 108 48 teherdts datd chhhnd@ tidishifssidhBatad [vision
m u ltThegenepated transnaissian data a5 dhe datachanhet is outputtedito channel

outp §JRA0E! muliplexing section 111 19933 Gading and moduiaon,sggtion ;-
i ) encodes and modulates control data received as input based on
tran gS RieutputieidfrdmMOS: sekeetion beetionos! to gdmerate dorftrolm coding

and ﬁf@ﬁ‘ﬂ@'atf%ﬁmﬁ&ﬂ ~ata The generatgq, tlr@f‘ﬁ!@%_%% Qaé_% fohtheion data is
control channel is 10 o%ted to channel multiplexing section 111.

o utpipuza] ARathElmariRiéihy s&éfdd 411 berforms time-division

[ 00 2Ziltipléxing -of theiandmission data for the platef chamnel aoutijutted:-fromFourier
transcf)ﬁ()jirnrgalnﬂﬁ}?gu@go@hsgcg(x?gl}ggljaggitg% data outputted from channel
multiplexing section 111 and performs time-frequency transform on
the data of frequency components, to acquire a frequency-domain
signal. Then, after the frequency-domain signal is mapped to
transmission subcarriers, the mapped frequency-domain signal is
subject to an IFFT (Inverse Fast Fourier Transform) processing, to
be transformed to a time-domain signal. The acquired
time-domain signal is outputted to CP addition scction 113,
[0026] CP addition section 113 adds CPs to the frames in the
transmission data sequences outputted from DFT-s-OFDM section
112 by duplicating data at the tail of each frame and by adding the
duplicated data to the beginning of each frame, and outputs the
transmission data with CPs to radio transmitting section 114.
[0027] Radio trarmsmitting section 114 frequency-converts the
baseband signal outputted from CP addition section 113 to a radio
frequency band signal, and transmits the converted signal via
antenna 101.

[0028] F1G.7 is a block diagram showing an internal
configuration of MCS selection section 108 shown in F1G.6.

Based on a CQI received as input, table selection MCS
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transmission data for the control channel outputted from coding 15 and
modulation section 110. The multiplexed transmission data is outputted to
DFT-s-OFDM section 112. [00251 DFT-s-OFDM section 112 performs a

discrete Fourier transform (DFT) on the transmission data outputted from
dete ppghinel | Mtitipiesihbosectiol 1119414¢ pBridtas tieequendyPifranigrmeontrol

chan6n:20 thetdata of requency comppeentsuID acquire a fieALeRpHE@Ialn (o the

ban dslegﬂﬂh-rg%?b%:grttgg fEeoqlﬁ?ng_% malg glignéll % r?%%ﬂeedst% hown in Ii“ 1G. 8.
transmission subcarriers, the mapped Tréguericy-domain sighalls’ Subjec

[0026]an IBET ¢idverse Rast Eblriee Transformd) prooepsing, tl G& determination

s ¢ ct fTApsimegde 3 timerdomait §ignak Jhe Reduited, 25,Umerdemain fignale repnce
is outputted to CP addition section 113. [0026] CP addition section 113
to thydtp<&the flhfes in the transmission data sequences outputted

[ 0031gm DFsORDM wection %2 by duplicating dataatdhedaihofeachC Q1 table.

.. fra nd py.adding t uplicated.data to the beginning of each,frame, ,
Her eaingqa gbuiﬁut}so the gh ?rang%qlsg‘b%q&atgov&itﬁ C?Dra&o%rggzo rtg?ga&nnsﬁ\i\&ilr?é R0 bel oW,
and gsedtion 2145 [0027Radio trAnsmitting wection thaifrequenfy-kdhvehts théw id th.

FurtRasebandsignal quiputted fsamp CRmddition section k1310 aygdiQ wer than SE
frequency band signal, and transmits the converted signal via_antenna

in tahe 35 {002% HE. 71 G DA G A dowiAd B thiérhal Bdhlgliatonh 2t i,
w h e 1of MESG selectiondiection it08 shidwr in HG 6m Basedlone:CO$ ecévedelccted .,
s.input, table selection MCS 7. determination section 201.determines . ...

On L e T GOt (bt o rgnificant,
highearrédporiding t6 tHe babividthiamdrig the dorftlsl channéd €O tablegly, when

the shewndmkks.8.i{0029]Basedrona GQI segeivad @g MPUtrMEScontrol signal

~_determination 5 section 202 determines MCS | for the data channel with
re S0 bdfefencd 16 the tatd EVITABIe! 10830} IS 8'dowid St dkaipletgrid ty for the
contcontrohchanaél GQhtable: dHene atabie 4 is the @Qd fable fart g 500 kklz is small,

50 t}pg{"qvf’iqtp 8&%‘34%% to increase the amount of resources used for
the data channel.

[0631] In this way, according to Embodiment 1, when a data
channel and a control channel are multiplexed and transmitted and
adaptive modulation is applied to both channels, by providing one
data channel CQI table and a plurality of control channel CQI
tables, switching between a plurality of tables in accordance with a
transmission bandwidth of a terminal, and determining the MCS for
the control channel, it is possible to determine an MCS appropriate
for the bandwidth and allocate radio resources used for the control
channel adequately, thereby increasing radio resources used for the
data channel. This makes it possible to improve data channel
throughput.

[0032] Although a case has been explained with the present
embodiment as an example where a CQ1I table is selected based only
on the transmission bandwidth, as shown in FIG.9, it is equally
possible to select four CQI tables based on data channel scheduling
methods in addition to a bandwidth. When persistent scheduling
is used for a data channel, a low CQI is reported to make the MCS

for the data channel robust. In this case, it is possible to increase
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and table 2 is the CQI table for more than a 500 kHz bandwidth. 10
Further, with the same CQIs, SE in table 1 is set up lower than SE in
table 2. When the bandwidth is narrow’as 500 kHz, that is, when
frequency diversity effect is small, lower SE is selected. On the other
the manALwhen fréguehey diversificetfda is ignificans kigkerSH idseléetetng into

accothan the SEinrtable 4 cAccardipgly, whenyls dhe frequency diversity &ffeeliuting,
is significant, few co trql.si%:l I. resources make it osdscible %ﬁatls the

that fsaiddd Giblicy foh i ohtrol tfanfldi B Mg4retfih SihbEdefn ¢ Persistent
s ¢ h edivérisity effest isomdll,g so that it as possitilé tosincrdase divg amouttafnnel CQ1

tabl {%SQdU{QFSnlﬂﬁ?(q BO% tmedaﬁ € anggl ZQégoosgrl @e@iso\lya* saeCC%rPiqgl tco control

Embodiment 1, when a data channel and a control channel are
ch a n Gllipléhéed hkEtransmitted and adaptive modulation is applied to both

[00 3@1pnn@h§ﬂby(paq\ﬂdg}ggogg data channel CQI table and a plurality of
conttfc}\channel %‘%ZI tables, switching between a plurality of tables in

accordahce Wi BltfadSHissidh baAndiidtd Of at&fhiR&I"ag¢ tion  terminal
a p p adetenminng thedMﬁ3§ for tﬁerximntcﬂq»lmhannél, itis pélssipie to determine ntion is
the SNMCSARRIORrAte \for fhe Rapawidinang allocate radiq [eSOWGES M8 1 will

for the control channel adequately, thereby increasing radio resources .
be g3t fornthd datd thanhel i makesat pdshbié to improve!data ch¥fAérPping

e x p 136 thypwghputl (0932hAlthough.a case has been explained with the

present rl‘ngfo iment as an exam I‘-‘? where a CQI table is selected based
(o 033’ y on ﬁwe faf:p:miégionaban%@v?oa , asgérf%é’i/\fna|](?r’1l FIG. ?i\fviisne%uaﬁf} ¢ internal
confpggsibleitonselert fouMEH tabled basedon data thannel §€Heduling85ding  to

E m b ®&Rds in additigp togg bandwidth. \Whe,Rersisiens scheduling isysed s mcs

for a data channel, a low CQI is reported to make the MCS for the data )
dete pnhhat FeBustCIntthislcat® lit fPSSEIBIE D ifcre8dd BO thé bl Q1 using
an cdéseuyncesaiska for thebdata channel byrtakinglntol aceount the dibferenceon and
cqu dlglggl etween two kinds of scheduling, that is, normal scheduling (i.e.

ynamic scheduling) and persistent
Control channel CQI = CQI +Xoffset [condition] ---(Equation 1)

[0035] Further, based on that control channel CQI, CQI offset
MCS determination section 301 determines MCS 2 for the control
channel with reference to the control channel CQI table shown in
FIG.12.

[0036] FIG.11 shows an example of an offset lookup table. Here,
when the data channel scheduling method is dynamic scheduling,
the offset is zero, and when the data channcl scheduling method is
persistent scheduling, the offset is two. In this case, offsets are
provided by taking into account of CQI differences between two
kinds of scheduling, that is, between normal scheduling (i.e.
dynamic scheduling) and persistent scheduling.

[60637] Further, the offset is zero when the data channel is used
with frequency hopping, and the offset is -4 when the bandwidth is
1 RB (resource block) without frequency hopping. When
frequency diversity effect is small, for example, frequency hopping
i$ not adopted in a frame and transmission is performed in a narrow
band, the offsets are provided so as to select a lower MCS. This

is because the relatively small number of bits is transmitted and
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scheduling, by configuring a plurality of control channel CQI 5 tables and
making the MCS and resources of use, of the control channel adequate.
[0033] (Embodiment 2) The configuration of a radio communication

“terminal apparatus according to Embodiment 2 of the present invention is
coding te sAme a<Sowhif PIGL8 dt Erssdiment 1, thig BniBddiment Wik beccount
of thexplained witharederenseftodls £r anglithe puerpRRIRG explanatiorowill d& idths.

itted. [0034] FIG.10 is a block djagram.showing the internal
[003 gg‘;ﬁigl(jFréLt‘lrotr:[ji S]fr meées’ele?cl%ign geg:}filsgen?ldé aczcce)rrgolngvi/oﬂ 98 Eﬁ”lbgdiiﬁﬁkeng hannel
tran 2of the present irvdntion ., CQldbffdet MES ddtarminatiopsectiohr30ls missions.

Rec eci%l%qiat%:ﬁ 9%99?”%9%%@?%?@14@1{196 Q%Qf&%tdo%(ﬂ@ fpble ghawn Fhannel is
FIG.11, I information and equation 1. Control channel CQI = CQI ,
retrapyvgriddeonditibn]® tEduations 1§ 20 [0035] EGAh&riBdddd oftthyt deteriorate
w i t h controh ehanngl CQI, & oftset MGS determinationtsactions30dl an offset is
termines MCS 2 fqrctg? %ontrol ch%réa with reference to the control

i [

d
pro V(‘:ﬁgndneﬁ (téFtalg’less‘?hown in &?d‘{fj_ FIG.11 shows an example of
[ 00 3&n offsket Isokupatabled Here,v25 witervtheidaga tchannet schédukng f a terminal,

s u c hMEthedyg dynamie geheduling, «theaffset is zereangrwhenthedalg. v hopping
) channel scheduling method is persistent scheduling, the offset is two, In o
in R Edse Adtsetd Are” Braviddd By tdldd irftd 4Gcbhiht bF EQIdifdteAded s 1t s
p o s s betweerntwoe kind$ of scheduling athatyis,anetweeisormalscheduling gilg., it is
3% Edé/r}{a\(gnicS g(t:llngegulin and pec{sistegtl%g:hequlipg. [OO%Z}] tFur}her the

SS S 0, h . $1i
POSS hHset is zero when the data channel is uséd with tare(fuencil%op%lnag?gr? using

a d e qthe (offset i 19 Wisdrithe bandwidthtie ¢ SRB Presoutcehisioek) wthdup £ resources

us ¢ d fregyency hopring. WWhan freauencydiversify. gffect is small, for example,
guency_hopping 35 is not adopted in a frame and trznsmission IS

fr
L0040 forhbir & naron bt e bftsdts ae FTONUE boBb4d 8GO table.
Herclower MGISiThis to SE for 0 to 30 CQlIs in a lookup table, lower SE

for -1 to -10 CQIs and higher SE for 31 to 37 are newly set. Here,
the lower SE part is mainly used when an offset is negative, and the
higher SE past is mainly used when an offset is positive.

[0041] In this way, according to Embodiment 2, when a data
channel and a control channel are multiplexed and transmitted and
adaptive modulation is applied to both channels, one data channel
CQI table, one control channel CQI table 1n series formed in a
larger size than that data channel CQI table and an offset lookup
table formed with parameters of a terminal are provided to
determine the MCS for the control channel by a CQI found by
adding all the amounts of offsets read from a offset lookup table to
a data channel CQI, so that it is possible to prevent memory from
increasing and improve data channel throughput.

[0042] (Embodiment 3)

FIG.13 shows a CQI table according to Embodiment 3 of the
present invention and by multiplying equation 1 by a scaling factor
{N), a range set up in a lookup table can be bigger or smaller. A
control channel CQUY can be calculated using equation 2,

Control channel CQI = floor(N x (CQIl + Zoffset{condition]))
-+-(Equation 2)
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Is because the relatively small number of bits is transmitted and 9 coding

gain is less likely to be acquired. By t%ing into account of the above

reason, offsets are provided according to bandwidths. [0038]

Furthermore, the offset is zero when a data channel transmission is the
wh e sV ahtl thel6ffdatis!-2 upon retransmissions. 5 Received quality is

[ 0 0 4pgorertbanexpecied Mherahdata aharnel is retransmitted: dResHighige between
case, recejved quality may deterjorate, with regards to a control channel,

an UEad I%r%“er%?@@ a?(:]hgf?sxe rri?s ‘b?c?vi eéag’ gl\]s/%‘oése ebt'd 1O Crlfvl(fé.c[%oég] ,&ér E, by

¢ h a nexplainebl @abovey accbrding o paranhetdrs ofha fermirgh,p 10csuchaga different

c o d i fazohedpling mefhog, a}?,a”dd[’{"igﬁi freguengy h@RQiE‘Sll JDTamESpadabie by

the number of data channel retransmissions, it is possible to set up a

o n 1y mphe ddeduiate MICS f AédtdiNgy it isMNpossibie t Safidh) rebulired fadine is are
appidrabeentgl gharnelusingNadequatel gonirel ehanngl resquscesiskethat refer to
s~ the amount of.resources 15 useq for a data channel can be increa

M C ST I D S S P e oDl OB Lo a1 table.

[ 00 4ddditiomtd BEsfor @ Yo 30cColsdn mdodkud tadbe) dower 8E Foralse alOng factor

s mGRIBAN bigher SE far 3hio 37 2ienavly oAt Here. e DWRUSEPALBing a1y

mainly used when an offset is negative, and the 20 higher SE partis
the HRRARUSePWhEN Hf bffset & (SOSitivE. 10041 PIf this Wag odetordingtgnnel COI
and Embodineent 2nwheha datg chasnekand a controlichannelaée, so that it is
os s'?}g“!tép'%ed and transmitted and a??%‘%e moduiatign s applied 0 O, . gata
POSSthanne S, ohé ‘data channel’ %dﬁ table, one control chafinet COI table in
ch angeribs fdrniedsh pPs largemsize/than thab data chasnekQOlttable aldeamels  of

di 1 £ Offsgt leqkyp, table farmed, with parameters of a terminal are provided to
determine the MCS for the control channel by a CQI found by adding all

[00 444 anddufts BdMLERehY from a offset lookup table to a data channel
CQI,1sbdGhatit g pessible o prement smamoryftom g30dnéresisind and nt 4 of the

presE@l&roivnevdeaﬁatFgﬁnnelﬁ{%ugﬁﬁl‘ﬁt' [03%4124 (Fsmt%oaqicmue.ng?gd using equation 2
shown in Embodiment 3, where N is a decimal and,
N=N A(CQI<CQI_TH) and N=N B(CQI>CQI TH). Specifically,
FI1G.14 shows a case where CQI _TH=3, N_A=0.7 and N _B=1.3. 1In
this way, by changing a scaling factor, N, according to the
magnitude of a CQIl, it is possible to determine the MCS more
accurately.

{0046] In this way, according to Embodiment 4, by multiplying by
a scaling factor a control channel COQIT found by adding all the
amounts of offsets, changing the scaling factor according to the
magnitude of the CQI, calculating a control channel CQI and
determining the MCS for the control channel, even when there are
control channels of different coding schemes, it is possible to
prevent memory from increasing, and, furthermore, improve data
channel throughput.

00471 Although cases have been explained with Embodiments 3
and 4 where a primary linear process of multiplying N is adopted, a
higher linear process may be adopted.

[0048] With the above embodiments, “drop” may be included in a

control channel CQI table not so as to transmit a control channel



16

15

20

30

35

FIG.13 shows a CQI table according to Embodiment 3 of the present
invention and by multiplying equation 111 by a scaling factor (N), a range
set up in a lookup table can be bigger or smaller. A 35 control channel
CQI can be calculated using equation 2, Control channel CQI = floor(N x
usingotd o fofgetfcdorditidny)) 2 (Equation 2) 10 where N is a decimal. [0043]

[ 00499 apply: aitase, Whete; a @pdingbseheme vaties likecbatwean namuplinkatculate d

'CQl channel an K/INACK channels used in LT, y changing th
ot Gl NG B el o (S Aot HferbAe B Zofig Sefonienne! CO1
tableLhat is samp aplink CQI channelis applicabld BY5 enly¢chhngihgaoiffdet andthe CQOI
tab1valye N, @Wpﬁél}!"f@ﬁ ghannels are applicable by an offset (N=1) only,

so that it is possible to refer to MCSs of two kinds of control channels
905 fidm thésarhe GQRthble U[Bd44F iidthis Wiy ¥ SccBidiy t6 ERfdddiméntgith the

ab o va scalingdactarel is myltipliedhy acontial ehanngl €QI thatds founthvyn tion is

cadding all,_the amounts of qf%ets, to calculate the pew control clhﬂanrhell lized
con bd\ rand? determiné e MCSs forthé gén{%V&I}aHnoe]I], Sd'that iti§ °© reattece
by s pbssikleto prevent memory from increasing and improve data channel

[ 0 0 sthioughputievenwhen these arg. canfrgh chapgels,of; 1o different 6oding o cach
schemes. [0045] (Embodiment 4) FIG.14 shows a CQI table according to

of thempbinfeREA bi tHE® présBit SiilvERtioh! STHE EDIt4BIESE achateldtBifgm ented
as a@qubtion 2 shewn it Embbdiment 3,iwhere N ésla deeiuak and, 2Rese may be

. N=N_A(CQI<COI_TH) and N=N_B(CQI>COI TH). Specifically, FIG.14 .
i e T TS AL S BN BEE 4 0 i sy b1 chip-
“ LS Icharfging!® séalihgifactor, Nt taddotding: tothe Imaghitudecdfea GQl, itds as “IC,”

“s ys POasilsstp determine the MCS more aagurately 125 JQO46] nithis WaY.differing
according to Embodiment 4, by multiplying by a scaling factor a control

extephsnfd| EYFBAAAG Y adding all the

[0052] Further, the method of circuit integration is not limited to
I.SIs, and implementation using dedicated circuitry or general
purpose processors 18 also possible. After LSI manufacture,
utilization of a programmable FPGA (Field Programmable Gate
Array) or a reconfigurable processor where connections and
setfings of circuit cells within an LSI can be reconfigured is also
possible.

[0053] Further, 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 owut function block iIntegration wusing this
technology. Application of biotechnology is also possible.
[0054] The disclosure of Japanese Patent Application
No.2008-000199, filed on Janvary 4, 2008, including the
specification, drawings and abstract, is incorporated herein by

reference in its entirety.

Industrial Applicability
f0055] The radio transmitting apparatus and radio transmission
method according to the present invention improves data channel

throughput, and is applicable to, for example, mobile



amounts of offsets, changing the scaling factor according to the
magnitude of the CQI, calculating a C(fgtl’0| channel CQIl and determining
the MCS for the control channel, even when there are 30 control channels
of different coding schemes, it is possible to prevent memory from

€ 0 M fhBrideSing, Whd; Turtliefrhore, improve data channel throughput. [0047]
Although cases have been explained with Embodiments 3 and 4 where a
primary linear process of multiplying N is adopted, a 35 higher linear
process may be adopted. [0048] With the above embodiments, "drop"
may be included in a control channel CQI table not so as to transmit a
control channel 11 using the lowest SE (MCS). [0049] Further, with the
above embodiments, when a calculated control channel COl is outside
the range of the control channel COI table, it is possible to use the SE
(MCSs) at both ends of the CQI 5 table or use extrapolation. [0050]
Further, although cases have been described with the above
embodiments as examples where the present invention is configured by
hardware, the present invention can also be realized by software. 10
[0051] 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. "LSI" is adopted here but
this may also be referred to as "IC," 15 "system LSI," "super LSI," or "ultra
LSI" depending on differing extents of integration. [0052] Further, the
method of circuit integration is not limited to LSIs, and implementation
using dedicated circuitry or general purpose processors is also possible.
After LSI manufacture, 20 utilization of a programmable FPGA (Field
Programmable Gate Array) or a reconfigurable processor where
connections and



i0

o]
h

30

35

settings of circuit cells within an LSI can be reconfigured is also possible.
[0053] Further, if integrated circuit tec[‘l{]ology comes out to 25 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 tiid- téMhdlogy. Application of

1. bioteghpglopy is;alsq possibles (A4 ThedisclosHierak Japanese Patent
Application 30 N0.2008-000199, HI,ed on Ja U%Q/A, 20?8, including th?. th:
specqficgfi%ﬂ, olr%l\t/\}i%ls ahl‘abstractis in?:fjl%s ted héréin B)P Teférefice” " at

s w it irhitssentirety. dndustriak Applicabdity: 35J0055) The radioitrapsmittihgcators and

m o d APPATAS AN radip;ransmission. Method accpiding 19 16 AIGSERE  of a radio

Invention improves data channel throughput, and is applicable to, for
¢ 0 M iEgERisIa ! heObilkcTN EBmmamibaticht systehts. 48t CLAMIS 12 Avgdiglation and
c o d i HansMiting apparatus,eormprisinga a madwationjand, CoinGsehemations after
‘h selection section that switches associations between channel quality
© SAulé&drd &nd *8 fhodulation and coding schemes according to a
parameteroof enradioagodnmumicdtidn terminal epparatus, tohddtermime@des  and

m o ¢ fNAdWation,and (qoding schemepf arontrolehapnel RaseioN & and coding

associations after the switching; and a coding and modulation section that
scheghgodes and 10 modulates control data by the determined modulation
and coding scheme. 2. The radio transmitting apparatus according to

2, Claimd, wherein the modulatiqn and goding scheme selectipn section has ;
" a 15plurality ot Channel ‘qua]hty indicat8rtaples and switches béween the -
w h e plarality of shadndlafuality inditatordablessecbordingtetietion section has a
plurality of channel quality indicator tables and switches between
the piurality of channel quality indicator tables according to the
parameter, to determine the modulation and coding scheme of the
control channel wusing the switched channel gquality indicator

tables,

3. The radio tramsmitting apparatus according to claim 1,
wherein the modulation and coding scheme selection section has an
offset table in which the parameter and offset values are associated,
and determines the modulation and coding scheme of the control
channel based on a channel quality indicator to which all offset

values associated with the parameter are added.

4. The radio transmitting apparatus according to claim 2,
wherein the modulation and coding scheme sclection section
determines the modulation and coding scheme of the control
charnel based on a new channel quality indicator found by
multiplying by a scaling factor the channel quality indicator to
which all the offset values associated with the parameter are
added.

5. The radio transmitting apparatus according to claim 1,

wherein the modulation and coding scheme seclection section uses a
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parameter, to determine the modulation and coding scheme of the control
channel using the switched channel quality indicator tables. 20 3. The
radio transmitting apparatus according to claim 1, wherein the modulation
and coding scheme selection section has an offset table in which the
tran yJardrhéter andaofdet VAlles dre adsodiatetimand HetérfinestHécts a lower

m o d Madulation Amd.codingsschemaof thencontroh 25tGhanngl hasediomandwidth is

___channel quality indicator to which all offset values associated with the
Rarr ¥ SMmeter are added. 4. The radio transmitting apparatus according to
claim 2, wherein the modulation and coding scheme selection section 30

¢. deteymines, the.modylatian.and F_ﬂ’g?”% Eghemt% of the coptral; b@”@%‘ claim 1,
based on a new channel quality indicator found by multiplying by a
w h e Igeigling factb P the chiiihel {h4litydrdiBdtot ¢! Whiehsdllthe ldfidetivafuds n uses a

d ata assaeciated with theuparameteriars jadded. g2 ba the Eadipdr@nsmiting a higher
P agﬁaratusfac ordinp. to claim 1, wherein the modul?tignhan c?din

MO AL LR AR EH S SEiBn UshE H 14 rdhMiddibh barididh 45 4

parameter and selects a lower modulation and coding scheme when the

7. transmjgsiqn, handwidthis narrower. § 6, The [adio transmilting,APPRratys im 1

according to claim 1, wherein the modulation and coding scheme )
w h e Il actiBrF sEctign Lidésoun diitdl charhd Sche MR niethed Hid pafarhitdr uses a
d ata ang selacts athigheimmogdidatiomand sadingsschemedn paysistenind selects a
tow SCNduing. 107, The radio tansmiting apparatye accprding fo dlaim by, 1y

whéteifh the' modulation ahd co?li%g scheéme selection sectibn usés a data & '
not elianmet tansmissibnanethothas avgasameéter ahdaseleotssas loweb andwidth is
2 a1t H@dylation and coding scheme when frequency hopping is not adopted in

a frame and when the transmission bandwidth is

8. The radio transmitting apparatus according to claim 1,
wherein the modulation and coding scheme selection section uses a
number of data channel retransmissions as a parameter and selects
a lower modulation and coding scheme when the number of

retransmissions increases.

9. The radio transmitting apparatus according to claim 4,
wherein the modulation and coding scheme selection section
controls the scaling factor by which the channel guality indicator
is multiplied according to magnitude of the channel quality
indicator, the channel quality indicator being obtained by adding

all offset values associated with the parameter.

10. The radio transmitting apparatus according to claim 1,
wherein, upon determining a modulation and coding scheme of a
data channel, the modulation and coding scheme selection section
does not switch the associations between channel quality
indicators and modulation and coding schemes according to the

parameter.

11. A radio transmission method comprising:



15 narrower. 8. The radio transmitting apparatus according to claim 1,

wherein the modulation and coding scheme selection section uses a

number of data channel retransmissions as a parameter and selects 20 a

lower modulation and coding scheme when the number of

retrahsritigéiohs ircre b8 s 09, THe Fadidtransifitisd apparatuscdcésriing hannel

qu ali@ £laia 4c avharein the medulation aRdLodiNgSEheme sel8GHRR SEEiNt ding to
25 controls the s%sllng factor by which the channel %l#all indicator is

* PAIEpliel Sccditing o MaYRittlE G the ThEhh® YUatin? iddatbY, the
chaninel guadity lindicator bzemg obtaided by adding nat offsetlvalutesn step of
dete A0 %tgd Wil e Rararpetesr 39 19 dhegadioftransmigting app %@%% channel

according to claim 1, wherein, upon determining a modulation and coding
basedcRembGr & s ERAMNEIS thid hidduletionrantidbidiny stfiéme selection

sectipn: daes Boksydtch the @ssoriationschetween ghanneh gualift modutating

icators and modu tion and codin he es accordi gto he 35
conty %Oka?n% tér %l 1. Wiadic t%;%ng}n%iggignlﬂ'u ba SR pridif (Lé’v%téh"irﬁ'gc me.

step of switching associations between channel quality |nd|cators and
modulation and coding schemes according to a parameter of radio
communication terminal apparatus; a modulation and coding scheme
selection step of 5 determining a modulation and coding scheme of a
control channel based on the associations after the switching; and a
coding and modulation step of encoding and modulating control data by
the determined modulation and coding scheme.



