DESCRIPTION Title of Invention WIRELESS COMMUNICATION TERMINAL APPARATUS,
WIRELESS COMMUNICATION BASE STATION APPARATUS, AND CLUSTER 5 CONSTELLATION
SETTING METHOD Technical Field [0001]The present invention relates to a radio communication
terminal apparatus, a radio communication base station apparatus and a 10cluster arrangement
setting method. Background Art [0002] In ?&P{&ﬁ,ﬁr&@eneraﬂon Partnership Project Long Term
Evolution), studies are being actively carried out on the standardization 150f mobile communication
standards 4 grdsita reglize Jow-delay and high-speed transmission. [0003]To realize low-delay and
high-speed transmission, OFDM (Orthogonal Frequency Division Multiplexing) is adopted as a

downlink (RL)rmyltiptes aceessnehsTe ArhiiEns GHERMANSIng le 10axien 20/ RrequeR ey Digision Multiple
Access) using DFT (Discrete Fourier Transform) precoding is adopted as an uplink (UL) multiple
access schEMENSTNOMA USINg BRTSpiecobinG Ifoihs AR IBERFDNIES sighaf (pédriim Y ByRspreading

and code-multiplexing a symbol sequence using a DFT matrix (precoding matrix or DFT sequence).
5 CONSTELLATION SETTING METHOD

Technical Field
[0001] The present invention relates to a radio communication
terminal apparatus, a radio communication base station apparatus and a

10 cluster arrangement setting method.

Background Art
[0002] 1In 3GPP LTE (3rd Generation Partnership Project Long Term
Evolution), studies are being actively carried out on the standardization
15 of mobile communication standards in order to realize low-delay and
high-speed transmission.
[0003] To realize low-delay and high-speed transmission, OFDM
(Orthogonal Frequency Division Multiplexing) is adopted as a downlink
(DL) multiple access scheme, while SC-FDMA (Single-Carrier
20 Frequency Division Multiple Access) using DFT (Discrete Fourier
Transform) precoding is adopted as an uplink (UL) multiple access
scheme. SC-FDMA using DFT precoding forms an SC-FDMA signal
(spectrum) by spreading and code-multiplexing a symbol sequence
using a DFT matrix (precoding matrix or DFT sequence).
25  [0004] Furthermore, standardization of LTE-Advanced (or IMT
(International Mobile Telecommunication}-Advanced) that realizes still

higher speed communication than LTE has been  started.



25[0004]Furthermore, standardization of LTE-Advanced (or IMT (International Mobile
Telecommunication)-Advanced) that realizes still higherspeedcommunicationthanLIEhasbeenstarted.
LTE-Advanced is expected to introduce a radio communication base station apparatus (hereinafter
referred to as "base station") and a radio communication terminal apparatus (hereinafter referred to as

"terminal")Ei able of communicating at wideband frequencies to 5realize higher s eeRg
(2]. ".%(%ﬂfngg %t d t qrotﬁﬂse a ra %watﬁg\t&) ase

communic rdér {5 Riaintain Sing e cafrier ciarbtienstics 18 4. Tow,

(Peak-to-Ayerage Ea?g i S RAIPueheiaciRsticsofa drapspussipn sigeal for realizing, highgoverage on

an LTE uplink, allocation of frequency resources on the uplink is limited to allocation whereby an

10SC-FDM4ssighaliisamapped éha ipsalizeg piaanek to chptiaLoul frequeartey ahdst J00GG]However,
when allocation of frequency resources is limited as described above, vacant resources are

produced it aiptink shareddpediiencyfresomroesicgt RPIgSEH (Physlvah Uplink Strared CHannel))
15and the efficiency of use of frequency resources in the system band

5 realize higher speed communication.
[0005] In order to maintain single carrier characteristics (e.g. low
PAPR (Peak-to-Average Power Ratio) characteristics) of a transmission
signal for realizing high coverage on an LTE uplink, allocation of
frequency resources on the uplink is limited to allocation whereby an

10 SC-FDMA signal is mapped in a localized manner to continuous
frequency bands.
[0006] However, when allocation of frequency resources is limited as
described above, vacant resources are produced in uplink shared
frequency resources (e.g. PUSCH (Physical Uplink Shared CHannel))

15 and the efficiency of use of frequency resources in the system band
deteriorates, resulting in deterioration of system throughput. Thus,
clustered SC-FDMA (C-SC-FDMA) is proposed as a prior art for
improving system throughput whereby an SC-FDMA signal is divided
into a plurality of clusters and the plurality of clusters are mapped to

20 discontinuous frequency resources (e.g. see Non-Patent Literature I).
[0007] According to C-SC-FDMA, a base station compares the states
of availability of frequency resources (subcarriers or resources blocks
(RB)) of a plurality of uplinks or channel quality information (e.g.
CQI:. Channel Quality Indicator) between a plurality of terminals and

25 the base station. The base station divides én SC-FDMA signal

(spectrum) of each terminal by an arbitrary bandwidth according to the

level of CQIl between each terminal and the base station and thereby



deteriorates, resulting in deterioration of system throughput. Thus, clustered SC-FDMA (C-SC-FDMA)
is proposed as a prior art for improving system throughput whereby an SC-FDMA signal is divided into
a plurality of clusters and the plurality of clusters are mapped to 20discontinuous frequency resources
(e.g. see Non-Patent Literature 1). [0007] According to C-SC-FDMA, a base station compares the

tates of ilability of f bcart] blocks (RB)) of lity of
Cplnks o ERARRAIST A IHAIASH (16 CO: Cribel Doy HaTatbe e ISe <oty of
terminals @Wfﬂrzﬁt SRase statan, Ihebase staten divdes 3n SGfVA sIgna (spaeirugp) of each

terminal by an arbitrary bandwidth according to the level of CQ1 between each terminal and the base

station ang gharelyagengsates a plutalihhef slustarsc Jhe hase statiruthen aleedtesthe plurality of
clusters generated to frequency resources of a plurality of uplinks and reports information indicating
the allocatienmesalts.to fikdereninabs: Thie idrminbkdRMAdSRNG SCiEDMA sigeat tspedituan) by an 5
arbitrary bandwidth, maps the plurality of clusters to the fré:-gfuency resources of the plurality of uplinks

allocated BY b basehaadon dHy tiersty HanhePdtsa H -t FORmASS . The HA&E $eatfdh applies

frequency domain equalization (FDE) processing to the.received, C-SC-FDMA si al%a lurality of
clusters) and %8H§i%e(§ltég%lgrla ft?‘/ﬁig i cffﬁ&?rlsf{ %ﬁ%?rl ﬂwceate%%a i%j}%% é)raosceeé?s%{l%g}.o hé)nt;gase station

then appliegd PR T, (IRverse, Riscrete-Eauriery msffgﬁrgmoceﬁ%g .the combined,signal Jo obtain a

time domain signal. [0008]C-SC-FDMA maps a plurality of clusters to a plurality of discontinuous
frequencyfiespusars; add eandhesglay Redorem frequengy dboesayice allocation amesg adlurality of

terminals more flexibly than SC-FDMA. Thus, C-SC-FDMA can improve the multiuser diversity effect
and can inbprdUe FhzNysteng tiado (g hputrinl tgnsdqubnsie (e )gasde dvontPatent b itaraturd i2y. 20Citation
List Non-patent Literature [00O09] NPL1 . ,
10 of clusters after the equalization processing. The base sfation then
applies IDFT (lnverse Discrete Fourier Transform) processing to the
combined signal to obtain a time domain signal.
[0008] C-SC-FDMA maps a plurality of clusters to a plurality of
discontinuous frequency resources, and can thereby perform frequency
15 resource allocation among a plurality of terminals more flexibly than
SC-FDMA. Thus, C-SC-FDMA can improve the multiuser diversity

effect and can improve the system throughput in consequence (e.g. sece

Non-Patent Literature 2).
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R1-083011, “Uplink  Access Scheme for LTE-Advanced 1in



R1-081842, "LTE-A Proposals for evolution,” 3GPP RAN WG1 #53, 25 Kansas City, MO, USA, May
5-9, 2008 NPL 2 R1-083011,"UplinkAccessSchemeforLTI Advancedin BW=<20MHz," 3GPP RAN
WG1 #54, Jeju, Korea, August 18-22, 2008 Summary of Invention Technical Problem 5[0010]To
realize higher speed communication than LIE, it is necessary to improve not only system throughput

but also user throughput per terminal n IL|E;Advanced yplink more than user thr put per
terminal o% n“ﬁ%%ﬁﬁf [O%)&%f%g%féqﬁer% agﬁ{ugﬁri?mnfdél g Por?lﬁe’qg‘é}gcli/sﬁa{ﬂ%%vél’dgﬁﬁd 10 radio
channel) has frequency selectivity, and this reduces the frequency correlation between channels
through which a plurality of clusters which are mapped to different discontinuous frequency bands

propagates Jhus « evemwhen thedase station equalizes a C-SC-FDMA signal (a plurality of clusters)
through equalization processing, the equalized 15 channel gain per a plurality of clusters (that is, the

frequency thanmnal galhr oultiplied by an FDE weight) may possibly differ significantly. Thus, the
equalized channel gain may drastically change at combining points of the plurality of clusters (that is,
divisidn pdihes 8 whidirthedetiimaldigidas theesd-Frmmandighant iPRat 18 adlisdohfinudls points 20 are
produced in a fluctuation of the equalized channel gain at the combinin pcgfints of the plurality of

.

clusters (&€ Sé_'rf\_?’elotﬁ’e oiReL8 s Fon ¥echl _ A erdM FRRRRINhg TS 18 8¢ dHifdgonality of
the DET matix minimal n all frequency bands (that is, iue, sHIR0LESIHENGY, PANESP user

throughput per terminal on an LTE uplink.
[0011] However, an uplink wide radic frequency band (wideband
10 radio channel) has frequency selectivity, and this reduces the frequency
correlation between channels through which a plurality of clusters
which are mapped to different discontinuous frequency bands propagate.
Thus, even when the base station equalizes a C-SC-FDMA signal (a
plurality of clusters) through equalization .processing, the equalized
15 channel gain per a plurality of clusters (that is, the frequency channel
gain multiplied by an FDE weight) may possibly differ significantly.
Thus, the equalized channel gain may drastically change at combining
points of the plurality of clusters (that is, division points at which the
terminal divides the SC-FDMA signal). That is, discontinuous points
20 are produced in a fluctuation of the egualized channel gain at the
combining points of the plurality of c]usters (that is, envelope of
reception spectrum).
f0012] Here, maintaining the loss of orthogonality of the DFT matrix
minimal in all frequency bands (that is, the sum of frequency bands to
25  which the plurality of clusters are mapped) to which the C-SC-FDMA
signal is mapped requires the fluctuation of the equalized channel gain

to be moderate in all frequency bands to which the plurality of clusters



25 which the plurality of clusters are mapped) to which the C-SC-FDMA signal is mapped requires the
fluctuation of the equalized channel gain to be moderate in all frequency bands to which the plurality of
clusters are mapped. Therefore, as descried above, when discontinuous points are produced in the
fluctuation of the equalized channel gain at the combining points of the plurality of clusters, the loss of
orthogonality of the DET n%;\%% reases @efgggluee(p%bands t%gvrpléh the 5C-SC-FDMA §|gnal is

mapped. ﬁsr,ntﬁ%pc?-%c scl)grr?al 7S more susceptﬂ)‘fé3 to'The influence of interiefence between

codes (IntgrSyypbel lugrigrenae: FRibcavsad By tedoss of arbegenality af the; PR matix.

Furthermore, as the number of clusters (the number of divisions of the SC-FDMA signal) increases,
the numbeyeh biQ Gompingspeinthef the piLnglity Picelusters, (diseartinuodsopoinighingleégses, and
therefore 1Sl caused by the loss of orthogonality of the DFT matrix increases. That is, as the number
of clustersothe mambei Of divigions ofittke SCFDMA Sigaalp incyeabes divartsmisslos khaiagteristics
deteriorate more significantly. 15[0013]Furthermore, an MCS (Modulation and channel Coding

Scherme) Set¥EodiRgtatesaan thddumaem ®vel) LomesgdiidingIs chivé ugmylofth® 8pfink of each

terminal or transmi ii?on param%ters Siu%lf' as codingéize are §et in the S(f}élgDMA signal transmitted by

each termitdI® HwWeVer, tHe roblistnedy atahist 1P 20 dAGSE B RE l0ss oF Sithogonality of the DFT

matrix (regeption seasiivite, (bads. e mponitads of llowable 15 difters fiom ong iangpission

parameter to another set in the SC-FDMA sighal. For example, when attention is focused on a

modulatiopfevplindigated in the MOS:selas 2 fangmissiennarameieistéemodulation scheme of a 25
higher modulation level such as the modulation scheme of 64 QAM having a very small Euclidean
distance betwekn isignad paifits i enosé stistiptible tonthb) influencassk 151t ikhanigprdven wien 1ST of
the same ma%%itude occurs, whether the ISl is allowable or not (that is, whether the I1SI is within a

rangtPof aNBWEBRITS drignsdifdrd Bepahiadibh hé mbmigibn(Ri Rt RESSEHBMA signal

(that is, transmission par ter such CS set or coding.size). In the, case WF re 1 ;5 greater
than the afl%%aegl%eiSIa(I)]rﬁa Edeﬁfr%nl(%slgigﬁ @)Aa?g%séct%r{m csé?%? C%Qi% st%S’ 88 Ll%r?/ thoe§ FDMA

signal is proplycad, fangmissigu.charagigfisiics detarionale,and the Wses Brougrupabifae ferminal in

which the transmission parameter is set deteriorates. [0014] Thus, when the SC-FDMA signal is
divided byan aghitiary 40 bardwidib ordy-agepxding teia Q@) betaen {be basesstatiarand each

terminal as with the above described prior art and a plurality of clusters are mapped to discontinuous
frequency dends: taithough dee aystemhctmoughpigristimproled, influences of I1SI on the transmission
characteristics vary depending on the differences in transmission ,
[0013] urthermore, an MCS {Modulation and channel Coding
Scheme) set {(coding rate and modulation level) corresponding to
channel quality of the uplink of each terminal or transmission
parameters such as coding size are set in the SC-FDMA signal
transmitted by each terminal. However, the robustness against [SI
20 caused by the loss of orthogonality of the DFT matrix (reception
sensitivity), that is, the magnitude of allowable ISI differs from one
transmission parameter to another set in the SC-FDMA signal. For
example, when attention is focused on a modulation level indicated in
the MCS set as a transmission parameter, a modulation scheme of a
25 higher modulation level such as the modulation scheme of 64 QAM

having a very small Euclidean distance between signal points is more

susceptible to the influence of ISI. That is, even when ISI of the same



15parameters (MCS set or coding size) set in the SC-FDMA signal and the user throughput is not
improved. [0015]lt is therefore an object of the present invention to provide a radio communication
terminal apparatus, a radio communication base station apparatus and a cluster arrangement setting
method capable of 20 improving user throughput while maintaining the effect of improving system

throughput uher, 2y SCEDNIA singl s ided i a plraly o usirs and e Riyglyof clusers

are mappélaat%ndlscontmuous frequency bands, IS, even when i Used. 25Solution to

Problem [0p16]4yradio.¢pmmunication terminalanpralys ofthe present inveriicn adepts @
configuration including a transformation section that applies DFT processing to a time domain symbol
sequence @nrd geenaiasa frequeneyt demais signaanla sefting seaton thatrdividessthiesignal into a
plurality of clusters in accordance with a cluster pattern corresponding to an MCS set that is set in the
signal, a codaingms sizesthah isasetNHife signakoradank intex) duriiy MIMQargnsiiission. Thaps the
plurality of clusters to a pIuraIit;l/t of discontinuous frequency resources and thereby determines an

arrangem@HEdFthd bidrdihts G Eikahian 3 e e hES GSMAH OB OAAAR SRS oM muiithdn base

station appaigls ofhe Presen, 10 liveplion BAgR's & ganfiouatian neluding .ol gggion tha
determine$ & ¢lustér pattern of a signal from a radio communicatfon terminal apparatus according to

an MCS sef, thatis sekin the signal.a<oding sige thatis astdn f6,3ionAt aha radkindgx during MIMO
transmission, and a reporting section that reports the cluster pattern to 15the radio communication
terminal apgsraiug: {0038 mdlusten astangement seitind enethodaotthe present invention
[0014] Thus, when the SC-FDMA signal is divided by an arbitrary
10  bandwidth only according to a CQI between the base station and each
terminal as with the above described prior art and a plurality of clusters
are mapped to discontinuous frequency bands, although the system
throughput is improved, influences of IS] on the transmission
characteristics vary depending on the differences in transmission
15 parameters (MCS se.t or coding size) set in the SC-FDMA signal and the
user throughput is not improved.
[0015] 1t is therefore an object of the present invention to provide a
radio communication terminal apparatus, a radio communication base
station apparatus and a cluster arrangement setting method capable of
20  improving user throughput while maintaining the effect of improving
system throughput when an SC-FDMA signal is divided into a plurality

of clusters and the plurality of clusters are mapped to discontinuous

frequency bands, that is, even when C-SC-FDMA is used.

25  Solution to Problem
[0016] A radio communication terminal apparatus of the present

invention adopts a configuration including a transformation section that



divides a frequency domain signal generated by applying DFT processing to a time domainsymbol
sequence into a plurality of clusters in accordance with a cluster pattern corresponding to an MCS 20
set that is set in the signal, a coding size that is set in the signal or a rank index during MIMO
transmission, maps the plurality of clusters to a plurality of discontinuous frequency resources and

thereby deterrmnes ﬁ:}é ran emegt of thte plléraltit %f cléjg,ters. 25Adr\é ntagequs ngeectsa%fdlnvention
[0019] AcéBtim§Yo th Ei;re%e(f"ff(iaﬁvélilﬁon,Oeven wheh an SC-FbMASignal i§ dividedintd a plurality of

clusters angd. the pluralityof GSIErs AeNMAPRELR: dé%ﬁpngiwyﬁlgegy@@em bands dwhaes

C-SC-FDMA is used), it is possible to improve user throughput while maintaining the effect of
improving gysteyyy woughputa SBrief Descriptiopl ot Riawngs{0020) an ce Fiathisaa blagkegonfiguration
diagram of a base station according to Embodiment 1 of the present invention; FIG.2isa
block configattation diagrapv oflartertrinahabtodlingt10te tEmbodimenthie of theadresept divention;
FIG.3A is a diagram illustrating a relationship between the number of clusters (cluster spacing) and

user througifsut BeEAFARTY i ERDSAEREAIO oF i briddatinVEitien YRR SRR FMGHR D

maps the plurality of clusters to a plurality of discontinuous frequency
resources and thereby determines an arrangement o.f the plurality of
clusters in a frequency domain.
[0017] A radio communication base station apparatus of the present
10 invention adopts a configuration including a control section that
determines a cluster pattern of a signal from a radio communication
terminal apparatus according to an MCS set that is set in the signal, a
coding size that is set in the signal or a rank index during MIMO
transmission, and a reporting section that reports the cluster pattern to
15 the radio communication terminal apparatus.
[0018] A cluster arrangement setting method of the present invention
divides a frequency domain signal generated by applying DFT
processing to a time domain symbol sequence into a plurality of
clusters in accordance with a cluster pattern corresponding to an MCS
20 set that is set in the signal, a coding size that is set in the signal or a
rank index during MIMO transmission, maps the plurality of clusters to
a plurality of discontinuous frequency resources and thereby determines

an arrangement of the plurality of clusters.

25  Advantageous Effects of Invention
[0019] According to the present invention, even when an SC-FDMA

signal is divided into a plurality of clusters and the plurality of clusters



F1G.3B is a diagram illustrating a relationship between the 15number of clusters (cluster spacing) and
user throughput according to Embodiment 1 of the present invention (when SNR is low); FIG.4 is
a diagram illustrating an association between a modulation level and the number of clusters or cluster
size according to Embodiment 1 of the present invention; 20FIG.5A is a diagram illustrating a method

of setting a cluster arr%ngemgnt ac ordin% fo Embodiment 1 of the present.invention (when modulation

level is Iov%)l;e mapPRy i§ 8 %?élg%r%ol ustraﬁﬂb1 A'method of s tting a cluster arrangement

according fo Embedimept, 1.6f {ae,Bresept ivention (when chmAdulation lgushis,pigh) me FIG.6AIs

a diagram lillustrating a combined signal according to Embodiment 1 of the present invention (when
modulatiog feyel isftampro videl ©y0R:is aidiagramp illustrating a combined signal according to
Embodiment 1 of the present invention (when modulation level is high); FI10.7 is a diagram
illustrating an association between a modulation level and a cluster spacing according to Embodiment
1 of 5the present invention; F1G.8A is a diagram illustrating a method of setting a cluster
arranfem&ti SEBFHRE RS RS dlAi@mt i1 8F the present invention (when modulation level is low);
FIG.8B is @(Qﬁg:ﬁm illustrating a method of setting a cluster 10arrangement according to Embodiment
1 of the presefit invention (when

FIG.1 is a block configuration diagram of a base station
according to Embodiment 1 of the present invention;

FIG.2 is a block configuration diagram of a terminal according

10 to Embodiment 1 of the present invention;

FIG.3A is a diagram illustrating a relationship between the
number of clusters (cluster spacing) and user throughput according to
Embodiment 1 of the present invention (when SNR is high},

FIG.3B is a diagram illustrating a relationship between the

15 nuomber of clusters (cluster spacing) and user throughput according to
Embodiment 1 of the present invention (when SNR is low);

FIG.4 is a diagram illustrating an association between a
modulation level and the number of clusters or cluster size according to
Embodiment 1 of the present invention;

20 FIG.5A is a diagram illustrating a method of setting a cluster
arrangement according to Embodiment | of the present inver%ftion (when
modulation level is low);

FIG.5B is a diagram illustrating a method of setting a cluster
arrangement according to Embodiment 1 of the present invention (when

25 modulation level is high);

FIG.6A is a diagram illustrating a combined signal according to

Embodiment 1 of the present invention {when modulation level is low);



modulation level is high); FIG.9A is a diagram illustrating a combined signal according to
Embodiment 1 of the present invention (when modulation level is low); F1G.9B is a diagram illustrating
a combined signal according to 15Embodiment 1 of the present invention (when modulation level is

high); FIG. 10 is a diagram illustrating an association between a coding size and the number of
clusters or cluster *{aﬁr%%cordin fo Embocﬁnetnt 1 .of the E_)res%nt ina/ention' coorm SR is a
diagram iIIustratinE;s noY Bf SEHEAE™ MAEET 253 afgeMRRE BEE ot o ESHSHEAE 1 of the

present inyspln (yeR $O0InG, S48 I AOR) e GIC R 1 SlAGiAR lusraling & perod o

setting a cluster arrangement according to Embodiment 1 of the present invention (when coding size is
small); 25FIG. 12 js g diagramdllugtrating:an asseciatinizbeieensa coding size»and eceluster spacing
according to Embodiment 1 of the present invention; F1G.13A is a diagram illustrating a method
of setting anclustert asrarigewlentaccordingt to Exphodiment dooflilme presem mdntion {(wherd coding
size is large); FIG.13B is a diagram illustrating a method of setting a cluster 5 arrangement
according tecERiB o8I &RtV EBFihE present invention (when coding size is small); FIG.1l4isa
diagram iIIustratingﬁggtsociation.between coding rate and tﬂe r&umper (%[ .clustgr%]c%{s%&ster size
according to Embodi f%f?hglﬁr%rsae“ﬁt ilnv‘éﬁﬁban; 1BFiGE A d%gl‘%l%‘l ﬂfb%trating an association

between aa??agﬂ%%ment according to Embodiment 1 of the present invention {when
modulation level is low);
FIG.8B is a diagram illustrating a method of setting a cluster
10 arrangement according to Embodiment 1 of the present invention (when
modulation level is high);
FIG.9A is a diagram illustrating a combined signal according to
Embodiment 1 of the present invention {when modulation level is low);
FIG.9B is a diagram illustrating a combined signal according to
15 Embodiment I of the present invention {(when modulation level is high);
FIG.10 is a diagram illustrating an association between a coding
size and the number of clusters or cluster size according to Embodiment
1 of the present invention;
FIG.11A is a diagram illustrating a method of setting a cluster
20  arrangement according to Embodiment 1 of the present invention (when
coding size is large);
| FIG.11B is a diagram illustrating a method of setting a cluster
arrangement according to Embodiment 1 of the present invention (when
coding size is small);
25 FIG.12 is a diagram illustrating an association between a coding
size and a cluster spacing according to Embodiment 1 of the present

invention;



size and a cluster spacing according to Embodiment 1 of the present invention; FIG.16A is a
diagram illustrating an association between a modulation level and the number of clusters according to
a variation of 15 Embodiment 1 of the present invention; FIG.16B is a diagram illustrating an
association between a modulation level and the number of clusters according to a variation of

Embodiment 1 of the present invention; ...FIG. 16C is a dia ra? ill stra{ligg an association
between a 20 moduiStion Vel and'3 $1d%ed YYSILRET ity %ea{q%/% 'a?gnsgf Tribdui 3ﬁ(foof the

present InsePiohe m entFhCti QR A SABIRM MHBUAING 8P Bppogiatan PeivesRid mpaglaion level
and a cluster sizé according to a v%riation of Embodiment | of the present invention; 25FIG.16E is a

diagram illustrating an-agsegiatign between a modulation level and a cluster spacing according to a

variation of Embodiment 1 of the present invention; FIG.17A is a diagram illustrating an
association betweEh@ tddings sizelanghthe niimberacf chusters etbeotding tetaivariatiomoft Embodiment
1 of the present invention; FIG.17B is a diagram illustrating an association between a 5coding

size ahd af¢lUstee sz Acoraiity 16 4 vdrmtsriomEmbddimeitel fane b réssppfagentivien  FIG.17C
is a diagram illustrating an association between a coding size and a cluster size according to a
variation ot BB diFENSL R L present invention; 10F1G.17D is a diagram illustrating an association

Deneen & coding Pz, P4 8 §1EE ARACIFA, BASRISIDOP 3 XAVANRNA" FORRAUIMENELas iy Presen
rate and the number of clusters or cluster size according to Embodiment
1 of the present invention;

10 FIG.15 is a diagram illustrating an association between a coding
size and a cluster spacing according to Embodiment | of the present
invention;

F1G.16A is a diagram illustrating an association between a
modulation level and the number of clusters according to a variation of

I5 Embodiment 1 of the present invention;

F1G.16B is a diagram illustrating an association between a
modulation level and the number of clusters according to a variation of
Embodiment 1 of the present invention;

FIG.16C is a diagram illustrating an association between a

20 modulation level and a cluster size according to a wvariation of
Embodiment | of the present invention;

FIG.16D is a diagram illustrating an association between a
modulation level and a cluster size acc.ording to a variation of
Embodiment 1 of the present invention;

25 FIG.16E 1is a diagram illustrating an assoéiation between a
modulation level and a cluster spacing according to a variation of

Embodiment 1 of the present invention;

10



FIG.18A is a diagram illustrating an association between a coding rate and the lumber of clusters
according to a variation of 15Embodiment 1 of the present invention; FIG.18B is a diagram illustrating
an association between a coding size and a cluster size of the present invention; FIG.18C is a
diagram 20coding size and a cluster size according to a variation of Embodiment 1 of the present

invention; FI%{%&D& a ogiagram iIIu%tr?rEing ?ns%fc’sg%iatio:{'nbenﬁ;%ecr} a {:odin‘g §ize gxgd a cluster
spacing accordin 2 VahatiSn 8 Eirlrﬁ?o&imenl Forthe di"esent flnventlon;OZ%F G18K5S a diagram

i"Ustfa“ngc%'aﬁ%gogiatmﬁat%%n ARG gt aa%é*asreuryp@miﬁlgstws ACCRrdlingdR ayariation of

Embodiment 1 of the present invention; FIG.19B is a diagram illustrating an association between
an MCS setahd 8 elugtel sizetaecprdituhioia vesiaian of Embodiment 1 of the present invention;

FIG.19C is a diagram illustrating an association between an MCS 5set and a cluster spacing according
to a variation of Efliédiféntis ok diagram illustrating an association between a
5 coding size and a cluster size according to a variation of Embodiment 1
of the present invention;

FIG.17C is a diagram illustrating an association between a
coding size and a cluster size according to a variation of Embodiment 1
of the present invention;

10 FI1G.17D is a diagram illustrating an association between a
coding size and a cluster spacing according to a variation of
Embodiment 1 of the present invention;

FIG.18A 1is a diagram illustrating an association between a
coding rate and the number of clusters according to a variation of

15 Embodiment 1 of the present invention;

FIG.18B is a diagram illustrating an association between a
coding size and a cluster size according to a variation of Embodiment 1
of the present inventién;

FIG.18C is a diagram illustrating an association between a

20 coding size and a cluster size according to a variation of Embodiment 1
of the present invention;

FIG.18D is a diagram illustrating an association between a
coding size and a cluster spacing according to a variation of
Embodiment 1 of the present invention;

25 FIG.19A is a diagram illustrating an association between an MCS
set and the number of clusters according to a variation of Embodiment

1 of the present invention;
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the present invention; FIG.20 is a block configuration diagram of a terminal according to a
variation of Embodiment 1 of the present invention; F 1G.21 is a block configuration diagram of
a terminal according 10to Embodiment 2 of the present invention; FIG.22 is a diagram illustrating
an association between a rank index and the number of clusters or cluster size according to

Embodiment 2 of E;ﬁ p ntinvention; ... FIG.23A is a diagram illustrating a meth ésetting a
cluster 15arrange (ﬁt@cﬁo’rﬁiﬁgﬁtloaﬁ'ﬁ‘gbéllnlﬁéﬁ’fazt%?%h%np?“ess“%r?tlfﬁ\}gﬁti%ﬁt When ne%r%(g index is

small); 16,438 5 AQIa0@MIsiAting 2 methed, pf-seHing 2 sty Aangement agcording to

Embodiment 2 of the present invention (when the rank index is large); 20FIG.24 is a diagram
illustratingiae associatiankatween a rank index and a cluster spacing according to Embodiment 2 of
the present invention; FIG.25A is a diagram illustrating a method of setting a cluster
arrangement according ftoCEmbodinagnt &1 0fl the tpreseptinventioni@hen Bethe rFank indEX s small);
F1G.25B is a diagram illustrating a method of setting a cluster arrangement according to Embodiment
2 of the pr&%bﬁﬂligvérﬁﬂdwt%éﬁaﬁfégam@wék% 14Pg@):v ariatiemeA i§n brsbierorfidurtion
diagram of a terminal accordin%to_ Embodiment 2 of the present invention (when the rank index is 2);

5F1G.26B A aPdEgr A V&SRl a method of setting a cluster

FIG.20 is a block configuration diagram of a terminal according
to a variation of Embodiment 1 of the present invention;

FIG.21 is a block configuration diagram of a terminal according

10 to Embodiment 2 of the present invention;

FI1G.22 is a diagram illustrating an association between a rank
index and the number of clusters or cluster size according to
Embodiment 2 of the present invention;

FIG.23A is a diagram illustrating a method of setting a cluster

15 arrangement according to Embodiment 2 of the present invention {when
the rank index is small);

FI1G.23B is a diagram illustrating a method of setting a cluster
arrangement according to Embodiment 2 of the present invention (when
the rank index is large);

20 FIG.24 is a diagram illustrating an association between a rank
index and a cluster spacing according to Embodiment 2 of the present
invention;

FIG.25A is a diagram illustrating a method of setting a cluster
arrangement according to Embodiment 2 of the present invention (when

25  the rdank index is small);

F1G.25B is a diagram illustrating a method of setting a cluster

arrangement according to Embodiment 2 of the present invention (when

12



arrangement according to Embodiment 2 of the present invention (when the rank index is 2);
F1G.27A is a block configuration diagram of the terminal according to Embodiment 2 of the present
invention (when the rank 10index is 4); F1G.27B is a diagram illustrating a method of setting a
cluster arrangement according to Embodiment 2 of the present invention (when the rank index is 2);
F1G.28 is a diagram illustrating an association between a 15transmission rate (MCS set) and the
number oft BRI JPEEEtE 4@ 8tording to Embodiment 2 of the present invention: F1G.29 is

a diagra ilustiatfag apgihad of setifg, & CuSIREAANASTIENt AGOIAINGJo Ebedient 2 of the

present invention; s a diagram illustrating an association between a 20transmission rate (MCS

set) and aQlusterisRacingpsenydingdaEmbodiment 2-ofdhe Riesentipventiansn thdlasd is a
diagram illustrating a method of setting a cluster arrangement according to Embodiment 2 of the
present invedtan;sH2G;. 32A is a diagram illustrating an association between a rank 25index and the
number of clusters according to a variation of Embodiment 2 of the present invention; FIG.32B is a
diagrém illustrating Ha 38$odiatiordbetresn Hiapkating a method of setting a cluster

arrangement according to Embodiment 2 of the present invention (when
the rank index is 2);
FIG.27A is a block configuration diagram of the terminal
according to Embodiment 2 of the present invention (when the rank
10 index is 4);
FI1G.27B is a diagram illustrating a method of setting a cluster
arrangement according to Embodiment 2 of the present invention (when
the rank index is 2});
FI1G.28 is a diagram illustrating an association between a
15 transmission rate (MCS set) and the number of clusters or cluster size
according to Embodiment 2 of the present invention;
FIG.29 is a diagram illustrating a method of setting a cluster
arrangement according to Embodiment 2 of the present invention;
FIG.30 is a diagram illustrating an association between a
20 transmission rate (MCS set) and a cluster spacing according to
Embodiment 2 of the present invention;
FIG.31 is a diagram illustrating a method of setting a cluster
arrangement according to Embodiment 2 of the present invention;
FIG.32A is a diagram illustrating an association between a rank
25 index and the number of clusters according to a variation of
Embodiment 2 of the present invention;

FI1G.32B is a diagram illustrating an association between a rank
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index and the number of clusters according to a variation of Embodiment 2 of the present invention;
FIG.32C is a diagram illustrating an association between a rank index and a cluster size according to a
variation of Embodiment 2 of 5the present invention; FIG.32D is a diagram illustrating an
association between a rank index and a cluster size according to a variation of Embodiment 2 of the
present invention; and FIG.32E is a diagram illustrating an association between a rank 10index

and a clustBf&pacititfactBrdint® aVariafiorfbf BfiodiRiERE 18/&hd Predent MaHERSh. BEscription of

Embodlm(ﬂ'ggo 21 Iglnetr?n(?p%,eembodlmelg@ of the present invention will be 15described in detail

with reference to the accompanyln%rarsaevr\}itngs. fdbtiﬁf'(Embodiment 1) FIG.1 shows a
configuration of basgstasien; 100 aeeprding A ieRreseni #mRedicnent, F0823Hn base skafion 100,

radio receiving section 102 receives a 20 C-SC-FDMA signal transmitted from each terminal via
antenna 19ddand applies JAcERI0R: PEOCRSSING iSUCh AS:dOWRHedRVYEISIOIE arhAib eanversipn to the
C-SC-FDMA signal. Radio receiving section 102 then outputs the C-SC-FDMA signal subjected to the
receplion phecessingntoi CPe(Cyelic Prefix) removing section 103. 25[0024] CP removing section 103

removes a CP added to the head of _ _ o
FIG.32D is a diagram illustrating an association between a rank

index and a cluster size according to a variation of Embodiment 2 of

the present invention; and
FIG.32E is a diagram illustrating an association between a rank
10 index and a cluster spacing according to a variation of Embodiment 2 of

the present invention.

Description of Embodiments
[0021] Hereinafter, embodiments of the present invention will be
15 described in detail with reference to the accompanying drawings.
[0022] (Embodiment 1)
FIG.1 shows a configuration of base station 100 according to the
present embodiment.
[0023] In base station 100, radio receiving section 102 receives a
20  C-SC-FDMA signal transmitted from each terminal via antenna 101 and
applies reception processing such as down-conversion and A/D
conversion to the C-SC-FDMA signal. Radio receiving section [02
then outputs the C-SC-FDMA signal subjected to the reception
processing to CP (Cyclic Prefix)} removing section 103.
25 [0024] CP removing section 103 removes a CP added to the head of
the C-SC-FDMA signal inpu.tted from radio receiving section 102.

[0025] FFT (Fast Fourier Transform) section 104 performs FFT to the
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the C-SC-FDMA signal inputted from radio receiving section 102. [0025] FFT (Fast Fourier Transform)
section 104 performs FFT to the C-SC-FDMA signal inputted from CP removing section 103 to
transform the signal into frequency domain C-SC-FDMA signals (subcarrier components). FFT section
104 then outputs the frequency domain C-SC-FDMA signals (subcarrier components) to demapping
section 105. 5 Furthermore, FFT section 104 outputs the subcarrier components including a pilot

signal to nteastrihy 8&&isheitd . DR EBSLiiamDing sECHEY 108 axtHeR clSEOMMASIyHkIs

corresponding to. frequency re ourceEsﬁ_gSUb arriers or RBs) 1 the respectjve terminals from the
C-SC-FD Aesiﬁﬁg%glgpb éod f?(r)ﬁ%& 10 saé}clﬁgﬁnlo b%?eﬁr%@ap%}ﬁg ?r? or%sa%%cnalrrﬁl)%%ted from

control segtion 113 PRMaPRingrsegtian 105then QHRUIS e RXragtediCsSC-FDMA signak to FDE
section 106. [0027] FDE section 106 equalizes the C-SC-FDMA signals inputted from demapping

section 106 ysiMFEDNEAVeights] ealeulatadrbased anpbn estimaie values pf freguentydfludttiations in
channels between the base station and the respective terminals estimated by an estimation section
(not showm)u AbErseetion 106 hete otitputs tHd equalived sighal tordorabiniig SEUte® 107t§0028]

Combining section 107 combines a plurality of clusters m_akirmZO up the C-SC-FDMA signals inputted
from FDE Sechithi R 86mid 5 freglsity WomansBased 8RtHe huniber of clusters (a plurality of clusters

obtained %ﬂii/%ing th%%-SC-F.DMA gicgcnt?g hbaqcbvgidtr;3 fggrra%lysstercr(j*g&qipgﬁ é{efesrﬁr%q fp.as "cluster
[ r ' 13.

size") and'frequency spacfﬁa%gt%en clusters inputted from control section Combining 25

section 107 hen QIR dhescorehined.G-SGHRMA Signalde 1R secHa$08:da0B9] 4RFT section

108 generates a time domain signal by applying
respective terminals from the C-SC-FDMA signals inputted from FFT

10 section 104 based on mapping information inputted from control section
113. Demapping section 105 then outputs the extracted C-SC-FDMA
signal to FDE section 106.

[0027] FDE section 1006 equalizes the C-SC-FDMA signals inputted
from demapping section 105 using FDE weights calculated based on

15 estimate values of frequency fluctuations in channels between the base
station and the respective terminals estimated by an estimation section
(not shown). FDE section 106 then outputs the equalized signal to
combining section 107.

[0028] Combining section 107 combines a plurality of clusters making

20 up the C-SC-FDMA signals inputted from FDE section 106 in a
frequency domain based on the number of clusters (a plurality of
clusters obtained by dividing the C-SC-FDMA signal), bandwidth per
cluster (hereinafter referred to as “cluster size™) and frequency spacing
between <clusters inputted from control section 113, Combining

25 section 107 then outputs the combined C-SC-FDMA signal to IDFT
section 108.

[0029] IDFT section 108 generates a time domain signal by applying
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IDFT processing to the C-SC-FDMA signals inputted from combining section 107. IDFT section 108
then outputs the generated time domain signal to demodulation section 109. [0030]Demodulation
section 109 demodulates the signal inputted 5from IDFT section 108 based on MCS information
(modulation level) inputted from scheduler 112 and outputs the demodulated signal to decoding
section 11%0031]Decodjng section 110 decodes the signal inputted from demodulation section 109
based on IRNICE RERHALBH {cdBhd rats) T aANF b oHiRh il HptHEd HSATLRERIEF T and

outputs the d codeéd 'gnasl received bj uence._g)osz On the other;hand ing section
111 measﬁ?gzlgﬁl R ( i]gr?zj-tbo?Fr%fé’r?er?egn%(z{%ﬁs ?\Pé %tgo%k}gr %eﬁ%si})g?f?égferﬁgﬁ%r%

(subcarrieg) betwegngach deiming and the,bage station using a pilot 15 signal (pilot signal
transtnitted from each terminal) included in subearrier components inputted from FFT section 104 and

thereby generatgs chiaensl guilitivinforemation (¢ @0 CQuaf @alch derminal shgesuring sectibn 111 then
outputs a CQI of each terminal to scheduler 112. 20[0033]Scheduler 112 receives as input, an MCS
set (Modufation [EV& {nisdulation §éhémeyhrtncdding randpssrani tie Siaadideéiach temsidal, coding
size (COdeigi}olgtiég(iize%rsoeiynstch}?e?iig?earl 0{162“2&?”33%')3?3 [t)lllzt;r demodulated signal to
decoding section 110.
[0031] Decoding section 110 decodes the signal inputted from
demodulation section 109 based on the MCS information (coding rate)
10 and coding size inputted from scheduler 112 and outputs the decoded
signal as a received bit sequence.
[0032] On the other hand, measuring section 111 measures an SINR
(Signal-to-Interference plus Noise power Ratio) per frequency band
(subcarrier) between each terminal and the base station using a pilot
15 signal (pilot signal transmitted from each terminal) included in
subcarrier components inputted from FFT section 104 and thereby
generates channel quality information (e.g. CQI) of each terminal.
Measuring section 111 then outputs a CQI of each terminal to scheduler
11z,
20 [0033] Scheduler 112 receives as input, an MCS set (modulation level
(modulation scheme) and coding rate) set in the signal of each terminal,
coding size (code block size) set in the signal of each terminal and DFT
size (the number of DFT points) used in DFT section 210 (FIG.2) of
terminal 200 which will be described later. First, scheduler 112
25 calculates priority in allocation of uplink frequency resources (PUSCH)

corresponding to each terminal. Scheduler 112 schedules allocation of

uplink frequency resources (PUSCH) of each terminal using priority of
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size (the number of DFT points) used in DFT section 210 (FIG.2) of terminal 200 which will be
described later.First, scheduler 112 25calculates priority in allocation of uplink frequency resources
(PUSCH) corresponding to each terminal.Scheduler 112 schedules allocation of uplink frequency
resources (PUSCH) of each terminal using priority of each terminal and a CQI of each terminal
inputted from measuring section 111. [0034] To be more specific, scheduler 112 determines a cluster
pattern of E#€ Rigisamarslc-HpVA sigan FforkasicH samimal altBrdisd «d HHS MEaSYi fhodulation
level and codin ralg) set in the signal (C-SC-FDMA signal) from each terminal or coding size set in
the signal i&cg = mA signal) from each terminal. Here, the cluster pattern is represented by the

number ofiglysters, qlyster §izg OLGHSISRagRg T bAtisosaRedUie L2 funcliens as@Lgtermining

section that 10détermines a cluster pattern (the number of clusters, cluster size or cluster spacing)
according §a the:-MESset @ codingrsizes [0QaR]Schediee 142 themontiuis fegliencyt sesaurce

information indicating the result of allocation of uplink frequency resources of each terminal (that is, the
scheduling€sult of frequentylrgsourcéalidcatiod coding rate) set in the signal
(C-SC-FDMA signal) from each terminal or coding size set in the signal
(C-SC-FDMA signal) from each terminal. Here, the cluster pattern is
represented by the number of clusters, cluster size or cluster spacing.
That is, scheduler 112 functions as a determining section that
10 determines a cluster pattern (the number of clusters, cluster size or
cluster spacing) according to the MCS set or coding size.
[0035] Scheduler 112 then outputs frequency resource information
indicating the result of allocation of uplink frequency resources of each
terminal (that is, the scheduling resuit of frequency resource allocation
15 based on the determined cluster spacing) and spectrum division
information indicating the number of clusters and cluster size of
clusters making up the C-SC-FDMA signal transmitted by each terminal
to control section 113 and generation section 114. This causes a
cluster pattern indicating the number of clusters, cluster size or cluster
20  spacing to be reported to each terminal. Furthermore, scheduler 112
outputs control information including MCS information indicating the
MCS set (modulation scheme and coding rate) set in each terminal and
the coding size set in each terminal to demodulation section 109,
decoding section 110 and generation section 114.
25 [0036] Control section 113 calculates the number of clusters, cluster
size and cluster spacing based on the spectrum division information and

frequency resource information inputted from scheduler 112,
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15 based on the determined cluster spacing) and spectrum division information indicating the number
of clusters and cluster size of clusters making up the C-SC-FDMA signal transmitted by each terminal
to control section 113 and generation section 114. This causes a cluster pattern indicating the number
.of clusters, cluster size or cluster 20 spacing to be reported to each terminal. Furthermore, scheduler
112 outputs control information including MCS information indicating the MCS set (modulation scheme
and codind’ Hitd)eset oi actPietiihaf 8At e ddding dlsa SEicin a8H dsikinall & BBRTSdulition section

109, decodi i 1 fi tion 114. 25[003G]Caontral tion,113 calculates th
numbor of S EUISY GO A& SRACHY B4L6R Bh e SSEstmh ARlorhcithaton and
frequencyresguigginformaUenPYedlpMmaEheg Ry FuEhamole, copliel sedion 113 calculates

frequency resoufces to which the C-SC-FDMA signal (a plurality of clusters) of each terminal is

mapped basggkop {ha calgulated,nuraber:Qh LUSters, alusiersise Argclusten sRadngu fxeetrol section
113 then inputs the calculated number 5 of clusters, cluster size and cluster spacing to combining

sectioh 103 fanteutpsts chappingsirformation indicating the freguency resougces ¢oi winidi) the
C-SC-FDMA signal (a plurality of clusters) of each terminal is mapped to demapping section 105.
[0037]Gentitdtion Satitom 2 Hondriesmadbpirolisighal Bye 1b eonsaminghe spastitdi diision

information, frequency resource information and control information inputted from scheduler 112 to a
binary conWB‘IIB §3&ugﬁ§§t§l§e%oﬂgm aé%dﬁ?éﬂ%ﬁ%l?é% Sl%ﬁ&g:)s% tl%zhc?l e(’iﬁ}bﬁe‘s the control
signal gen&ra}ltleaq?] e89{1!”@eﬁﬁ,ﬁ'%%g#%e%ﬂﬁ}ﬁ?ﬂ% £oding section 115 encodes the control signal

inputted from generation sectio and outputs the encoded control signal to modulation section
116. [OOSS{]MIatior&&ggimﬂ&@ maaditiates thesaconttelsignal inputtegh tro frok gadingtsgction 115

and outputs the modulated control signal to 20radio transmitting section 117. _

10 converting the spectrum division information, frequency resource
information and control information inputted from scheduler 112 to a
binary control bit sequence to be reported to each terminal.
Generation section 114 outputs the control signal generated to coding
section 115,

15 [0038] Coding section 115 eﬁcodes the control signal inputted from
generation section 114 and outputs the encoded control signal to
modulation section 116.

[0039] Modulation section 116 modulates the control signal inputted
from coding section 115 and outputs the modulated control signal to

20 radio transmitting section 117.

[0040] Radio transmitting section 117 applies transmission processing
such as D/A conversion, amplification a'n.d up-conversion to the control
signal inputted from modulation section 116 and transmits the signal
subjected to the transmission processing to each terminal via antenna

25 101,

[0041] Next, FIG.2 shows a configuration of terminal 200 according

to the present embodiment.
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[0040]Radio transmitting section 117 applies transmission processing such as D/A conversion,
amplification and up-conversion to the control signal inputted from modulation section 116 and
transmits the signal subjected to the transmission processing to each terminal via antenna 25101.
[0041] Next, FIG.2 shows a configuration of terminal 200 according to the present embodiment.
[0042]In terminal 200, radio receiving section 202 receives a control signal transmitted from base
station 1000#4G] 1) Viatantehmal 2 Oanchdpplices razepiorasioeas3ifg SEERIAS 8GwAERVErsion and
AID conversion to the control signal. Radio receiving section 202 then 5outputs théﬁintrol signal
I

subjected th&Ra! rdEBPEBH iSFSbdSSify RraenditiRtion Sectibh203. THis TRHIA i Abfhdes
spectrum d|V|sl|ort1%|nformat cl)gimdhcra(;[@%glqg égurp@gﬁ of gws&)&%ﬁ ca})ﬁlgggg té%nsgmllltaed Ry;sach
en I

terminal (tﬁgp erof cluster cluster size, frequency resource information indicating
uplink 10freghienay; sesaurcas.allacated toseaghitermingliand coptiqhipfarmation indicatingMCS

information and coding size or the like.

5 outputs the control signal subjected to the reception processing to
demodulation section 203. This control signal includes spectrum
division information indicating the number of divisions of a signal
transmitted by ecach terminal (that is, the number of clusters) and
cluster size, frequency resource information indicating uplink

10 frequency resources allocated to each terminal and control information
indicating MCS information and coding size or the like.

[0043] Demodulation section 203 demodulates the control signal and
outputs the demodulated control signal to decoding section 204,
[0044] Decoding section 204 decodes the control signal and outputs
15 the decoded control signal to extraction section 205.
[0045] Extraction section 205 extracts the spectrum division
information and frequency resource information directed to the terminal
included in the control signal inputted from decoding section 204 and
outputs the extracted spectrum division information and frequency .

20 resource information to control section 206. Furthermore, extraction
section 205 outputs the MCS information directed to the terminal and
coding size indicated in the control information included in the control
signal inputted from decoding section 204 fo coding section 207 and
modulation section 208.

25 {0046} Control section 206 calculates the number of clusters of an
C-SC-FDMA signal generated by dividing the SC-FDMA signal (that is,

output of DFT section 210) and cluster size based on the spectrum
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[0043] Demodulation section 203 demodulates the control signal and outputs the demodulated control
signal to decoding section 204. [0044] Decoding section 204 decodes the control signal and outputs
15the decoded control signal to extraction section 205. [0045]Extraction section 205 extracts the
spectrum division information and frequency resource information directed to the terminal included in
the control signal inputted from decoding section 204 and outputs the extracted spectrum division
informatiod iarid ifeaqirfroy o resourck fnforhtation 16 toMtEs J84RH 208 FiRABHSOrdTeRtraction
section 205 outputs the MCS information dirgP::ted to the termin(fl and coding sg'ze ihdiclated in the

t

control inf&rihEioH eI GBEH StV contrS B hET MBlte§ o HedSaiHg Bectich 5658 &b%ing section
207 and moddiation seclon 208, 2300ARl kol pectionagcelaiales the MImBRIY qlysters of an
y a

C-SC-FDMA glgna enerate Ividing the SC-FDMA signal (that Ts, output of DFT Section 210) and

cluster sizgihaseekon;thespRrMM division infeumation apdbeguencyiesauies infarmatien inputted
from extraction section 205. Furthermore, control section 206 calculates frequency resources to which

the CsSC-EBINIA sigrdal(@nphuralibd of alusters)ds dnapped based on fréglensbresdence fnfermation
and the 5 calculated number of clusters and cluster size, and thereby identifies the cluster spacing of
clusters mikingelipstiie C:BGFEMALsighas tFhat 18 2koptolseclibh 2063 ardRd 4 th shiter pattern

(the number of clusters, cluster size and.cluster spacing) reparted from base station 100. Control
section 206 Hén Buthid tAL Eafiiftted %ﬁjﬁ@?“ﬁhﬁ%?ﬁ té‘fo Sy s%?:’iit(?ﬁ’ﬁlgf%?onﬁlé%ﬁe specific,

control seqion 296, gutnuts e caleulated number afdusiers ANAGIsIerSize ndvisignsaction 212 of
setting section and oul{puts mapping information indic ing frequency resources to which the
C-SC-FDMA signat §a Rivrality @f slustershehthautermina is mappes hatiiss iafopnation ingdicating the
10 setting section 211. To be more specific, control section 206 outputs
the calculated numbe}; of clusters and cluster size to division section
212 of setting section 211 and outputs mapping information indicating
frequency resources to which the C-SC-FDMA signal (a plurality of
clusters) of the terminal is mapped (that is, information indicating the
15 cluster spacing) to mapping section 213 of setting section 211.
{00477 When the SC-FDMA signal (spectrum) is divided into a
plurality of clusters, suppose it is predetermined between the base
station and the terminal that the SC-FDMA signal (spectrum) will be
divided in order from a lower frequency part of the spectrum (from a
20 lower output number of DFT section 210) or from a higher frequency
part of the spectrum (from a higher output number of DFT section 210).
For example, of a plurality of clusters generated through the division,
control section 206 calculates frequency resources to which the clusters
are mapped in order from a cluster of a lower frequency (cluster of a
25  lower output number of DFT section 210) or from a cluster of a higher
frequency (cluster of a higher output number of DFT section 210).

[0048] Coding section 207 encodes a transmission bit sequence based
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15cluster spacing) to mapping section 213 of setting section 211. [0047] When the SC-FDMA signal
(spectrum) is divided into a plurality of clusters, suppose it is predetermined between the base station
and the terminal that the SC-FDMA signal (spectrum) will be divided in order from a lower frequency
part of the spectrum (from a 20 lower output number of DFT section 210) or from a higher frequency
part of the spectrum (from a higher output number of DFT section 210). For example, of a plurality of
clusters gemerdied ¥htotighifies Wivisioh, cortioiseetion 206! cardia®sseguitytiedod#cds to which
the clusters are mapped in grder from a cluster of a lower frequenc g,lu_ster of a 25lowey gutput
number offBERSEGbN 1Y) OF fréfha c?tﬁ‘é*er‘b‘f%\’ﬂfﬁhe@f?eqﬁ%ﬁgﬁy? utEP BT A0S o{iﬁ)ut number
of DFT section 2102:.(§004E(3Jd(:(i)9{'p nsg({gg?%%ogﬁcodes a transmission bit sequence based on the

[

MCS infor?ﬁagt}loennfco Pnénrate and coding size inputted from extraction section 205 and outputs the

encoded trgpsiissionpitisaqugnice dednedulation sgeliens2e8. [9049lMpduladion.sactiont208
generates a symbol sequence by 5modulating the transmission bit sequence inputted from coding
sectioh 20m basedtonghg MGS rinfairdion imosedationckevel) inputtet!t rmmecextiagtisngection 205 and
outputs the generated symbol sequence to multiplexing section 209. [0050]Multiplexing section 209

multiplexed &pitost stgnalnarid ehdHOSsyrbot seduencetplitted toml gioddidaah skdiol 208.

Multiplexing section 209 outputs the symbol sequence with which a pilot signal is multiplexed to DFT
section 219 ﬁf&FéBéHﬁnﬁl%?téO@A%ﬁg EEShSEAR AR plitidd ZeF62AL T &YofPrsB i IELend8 may also

be used as the pilot signal. Fyrthe mgre, FIG.2 shows a configuration in which a 15 pilot signal and a
symbol se%&e%g%%?{el%u?t%le%?end Ebe?dre DFT processing, but a configuration may also be adopted in

which a pi[gicsé@jal ismutiplexed gvith & symbnd sequence aftex the PRT1POGESSINGn P0G DPI
section 210 applies DFT processing to the time domain symbol sequence inputted from multiplexing
sectiah 208yambl(denegaies &0 i afieaenty domseind signad (SCG-EDMMA Xighal) NDHTigéetiong210 then
outputs the SC-FDMA signal (spectrum) generated to division section 212 of setting section 211.
[0052]Setting deaticH21 0 K provided witindiviksispseeion M2 i lhebping Sedtichered. Setting

section 211 djvides the SC-FDMA signal
muitiplexed to DET se%t?on 210, For example, a CAZAC (Constant

Amplitude Zero Auto Correlation) sequence may also be used as the
pilot signal. Furthermore, FIG.2 shows a configuration in which a
15 pilot signal and a symbol sequence are multiplexed before DFT
processing, but a configuration may also be adopted in which a pilot
signal is multiplexed with a symbol sequence after the DFT processing.
[0051] DFT section 210 applies DFT processing to the time domain
symbol sequence inputted from multiplexing section 209 and generates
20  a frequency domain signal (SC-FDMA signal). DFT section 210 then
outputs the SC-FDMA signal (spectrum) generated to division section
212 of setting section 211.
[0052] Setting section 211 is provided with division section 212 and
mapping section 213. Setting section 211 divides the SC-FDMA signal
25  (spectrum) inputted from DFT section 210 into a plurality of clusters in
accordance with a cluster pattern inputted from control section 206,

maps the plurality of clusters to discontinuous frequency resources
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25(spectrum) inputted from DFT section 210 into a plurality of clusters in accordance with a cluster
pattern inputted from control section 206, maps the plurality of clusters to discontinuous frequency
resources respectively and thereby determines an arrangement of the C-SC-FDMA signal (a plurality
of clusters) in the frequency domain. Setting section 211 outputs the C-SC-FDMA signal (a plurality of
clusters) generated to IFFT (Inverse Fast Fourier Transform) section 214. 5Hereinafter, an internal
configuratien ot settieky seedoth21abwililiséedasictife [ GOS3MHeBRM sebtids 1 256f deitiMy section 211
divides the SC-FDMA signal (spectrumg ingutt d from DFT_section Zlod'nto aglural' y of clusters

accordingstbgt‘h%lplﬁﬁ]b@]‘"ﬂ?aéﬁjgte&faﬁ HHUSES sik 18 CinbTEABENS he ATIEER informsatidi¥ inputted
rom coniol secfon 206. Dysion 9o 212 flagauayis e & SOLFONA ignalmad up o the

plurality of clusters generated to mapping section 213. [0054]Mapping section 213 of setting section

211 mapshg &=26aFRMAIsIgNal (alerality phelustess)irputteehfrora divisiar dbosection 212 to
frequency resources (subcarr e s or RBs) based on mapping information (information indicating the

clustet spabing) dnfttted fronimentrel sectiéing2061 Mappifigssétiign 2¢8tiven dutpumsifle 'B-SC-FDMA
signal mapped to the frequency resources to IFFT section 214. 20[0055] IFFT section 214 performs
1FFT on tHe putBRE- of frequency |

[00531 Division section 212 of setting section 211 divides the
SC-FDMA signal (spectrum) inputted from DFT section 210 into a
plurality of clusters according to the number of clusters and cluster size

10 indicated in the cluster information inputted from control section 206.
Division section 212 then outputs the C-SC-FDMA signal made up of
the plurality of clusters generated to mapping section 213.

[0054] Mapping section 213 of setting section 211 maps the
C-SC-FDMA signal (a plurality of clusters) inputted from division

15  section 212 to frequency resources (subcarriers or RBs) based on
mapping information (information indicating the cluster spacing)
inputted from control section 206. Mapping section 213 then outputs
the C-SC-FDMA signal mapped to the frequency resources to IFFT
section 214.

20 [0055] |IFFT section 214 performs JIFFT on the plurality of frequency
bands (subcarriers) to which the C-SC-FDMA signal inputted from
mapping section 213 is mapped and generates a time domain
C-SC-FDMA signal. Here, IFFT section 214 inserts Os into frequency
bands (subcarriers) other than the plurality of frequency bands

25  (subcarriers) to which the C-SC-FDMA signal (a plurality of clusters)

| is mapped. IFFT section 214 then outputs the time domain

C-SC-FDMA signal to CP insertion section 215,
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bands (subcarriers) to which the C-SC-FDMA signal inputted from mapping section 213 is mapped
and generates a time domain C-SC-FDMA signal. Here, 1FFT section 214 inserts Os into frequency
bands (subcarriers) other than the plurality of frequency bands 25(subcarriers) to which the
C-SC-FDMA signal (a plurality of clusters) is mapped.IFFT section 214 then outputs the time domain
C-SC-FDMA signal to CP insertion sectign 215. éOOS%}é:P insertion section 215 adds the same signal
as the reaﬁwgén of the @ sSECOBMI SIIRAI inpattdd Fon HerTABEI AT 6 the heatF8l the

& SC-FDNS sinal 39 .58 03/H R ansmifling.eachon# 1 ARPLEs daResssion rocessing
5such as BFA ¢ § i dgup ic

conversion, amplification an -conversion to the C-SC-FDMA signal and transmits the

signal subjgctad,te the irarRsMISHIANIAceSSING te bgse station 100 (FIG. 1) via antenna 201.
[0058]Next, details of cluster pattern determining processing by base station 100 and cluster

arrangemenusetiingRdéessing (that is, gdidsitn 4 @ procggsingsofrthes BCs kI Av sigreadsispectrum) and

mapping processing on the plurality of clusters) by terminal 200 will be described. [0059] A cluster

patterh thatumiaxirized Userahrolgtspon differstoiicahio transidissidh PaRaEtE? #o dAothes. As an

example of transmission parameter, a case will be described using FIG.3A and FIG.3B Véhere the 15
S

modulatiofy [éVer {OPER, 18:6MM, e GANTAE T FIESA (SN sSNREIGHT to Noise Bower Ratio)
1) 56 8 e SR e e R 0 S gt oo
[0058] Next, details of cluster pattern determining processing by base
station 100 and cluster arrangement setting processing (that is, division
10 processing of the SC-FDMA signal (spectrum) and mapping processing
on the plurality of clusters) by terminal 200 will be described.
[0059] A cluster pattern that maximizes user throughput differs from
one transmission parameter to another. As an example of transmission
parameter, a case will be described using FIG.3A and FIG.3B where the
15 modulation level (QPSK, 16 QAM, 64 QAM) is used. FIG.3A (when
SNR (Signal-to-Noise power Ratio) is high) and FIG.3B (when SNR
(Signal-to-Noise power Ratio) is low) illustrate a relationship between
a cluster pattern of a C-SC-FDMA signal (here, the number of clusters
or cluster spacing) and user throughput. As shown in FIG.3A and
20 FIG.3B, the cluster pattern that maximizes user throughput (here, the
number of clusters or cluster spacing) differs from one modulation level
to another. Here, that the cluster pattern that maximizes user
throughput differs from one modulation level to another may be
attributable to the difference in robustness against ISI among different
25 modulation levels (allowable ISI). That is, base station 100 and
terminal 200 can improve tﬁe user throughput by setting an arrangement

of the C-SC-FDMA signal (a plurality of clusters) in the frequency
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or cluster spacing) and user throughput.As shown in FIG.3A and 20FIG.3B, the cluster pattern that
maximizes user throughput (here, the number of clusters or cluster spacing) differs from one
modulation level to another. Here, that the cluster pattern that maximizes user throughput differs from
one modulation level to another may be attributable to the difference in robustness against ISI among
different 25 modulation levels (allowable ISI). That is, base station 100 and terminal 200 can improve

the user tHOBFHBUPBY &GtiRg AncARSigeRTEAt Tt the &-SH-PH/PASIER A F Rty bt Wildters) in the

frequency, domain based on a cluster pattern wit allowablf IS| among different transmission
[ psiderat /&:%%%

parametertsr?é‘l? t‘|Snst1005:10r?sa}é%ir%f‘.l(tfﬁl:SA case had Been déseribed in F1 I?ES.SEGV%ere the

modulation Jevel is tRkENAAR £xaniPie Gutihe same @rpliss da piheiradsanissioniparaneters
5(coding size and coding rate). [0060]Thus, scheduler 112 of base station 100 determines a cluster
pattern of the exefmFRMA signalacrpiding o thestrapsmission parametssi (MCSasehnsiepding size)
set in the C-SC-FDMA signal from terminal 200.Furthermore, setting section 211 of terminal 200 sets
10thedarrageheatofthe Gt SCHEDMAasignal (a plurality of clusters) in the frequency domain
according to the cluster pattern corresponding to the transmission parameter (MCS set or coding size)

set in the @@@Q#Dﬂﬁ‘é@n%ﬁﬁﬁ%ﬁebiﬁy ﬂfetiélsrﬁiﬁéﬁ‘#@eih@ﬂeﬁ,%ﬂﬁéag%f%é"&ffﬁj%rcluster
Coting meMAL Setifl Sion 231 e an SETEDNEA SR By 156 riioe SR IHGIS fne pumber
of divisions), copresppnaingdodhie srodylation deve] (repdulatinn sckeme)ingicateghinian MES set that
is set in the C-SC-FDMA signal.

terminal 200. Furthermore, setting section 211 of terminal 200 sets

10  the arrangement of the C-SC-FDMA signal (a plurality of clusters) in
the frequency domain according to the cluster pattern corresponding to
the transmission parameter (MCS set or coding size) set in the
C-SC-FDMA signal transmitted by the terminal. Hereinafter, methods
of setting a cluster arrangement 1-1 to 1-6 will be described.

15 [0061] <Setting method 1-1>

According to the present setting method, setting section 211
divides an SC-FDMA signal by the number of clusters (the number of
divisions) corresponding to the modulation level (modulation scheme)
indicated in an MCS set that is set in the C-SC-FDMA signal.

20 [0062] As the modulation level increases, the Euclidean distance
between signal points becomes shorter and susceptibility to the
influence of 1SI increases. That is, the higher the modulation level,
the lower is the robustness against IS} (allowable ISI). Thus, setting
section 211 preferably sets the arrangement of the C-SC-FDMA signal

25  {(a plurality of clusters) in the frequency domain so that ISI decreases
as the modulation level set in the C-SC-FDMA signal transmitted by the

terminal increases (as the robustness against IS decreases).
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20[0062]As the modulation level increases, the Euclidean distance between signal points becomes

shorter and susceptibility to the influence of ISl increases.That is, the higher the modulation level, the

lower is the robustness against 1St (allowable 1SO.Thus, setting section 211 preferably sets the

arrangement of the C-SC-FDMA signal 25 (a plurality of clusters) in the frequency domain so that ISI

decreases as the modulation level set in the C-SC-FDMA sifgnal transmitted by the terminal increases
t

(as the robdSPdds dd&hcst 191 HieraaLBEET (663 HILFES st fumbef H¥dsiigiHa'ti&c-FDMA

signal (the nurber tdisions of &) SC-RDMsignall increases the mumberof disgoninyous points
in a fluctudtion of the equalized thannel gain at com |n|ﬁg points of a p?uf‘al y 0 clistérs increases,

and therefare b Ti miELeasssd Nus.J Shicreasesas £he BURRE!19f ehtgE Aking GGt FDMA
signal increases In other words, ISI decreases as the number of clusters of the C-SC-FDMA signal

decreases: §0964] ihhupcaaecording tpithespresent stitingmnathod; seatting séctiosr <o 21 1Mivides a
signal (SC-FDMA signal) in accordance with a cluster pattern with a smaller number of clusters (the
numbr ofiolerstess per cdriain,uribbandwidadeior ashigher mpaugdorrlevel isdidated in the MCS set
that is set in the signal transmitted by the terminal. That is, scheduler 112 determines a cluster pattern
indicating & shraileP Mith 5488 ARERRAEFS as the modulation level indicated in the MCS set that is set

e | ST 88 ngmscs, 048] Ao SGF DM, g e same
C-SC-FDMA signal decreases.
[0064] Thus, according to the present setting method, setting section
10 211 divides a signal (SC-FDMA signal) in accordance with a cluster
pattern with a smaller number of clusters (the number of clusters per
certain unit bandwidth) for a higher modulation level indicated in the
MCS set that is set in the signal transmitted by the terminal. That is,
scheduler 112 determines a cluster pattern indicating a smaller number
15 of clusters as the modulatién level indicated in the MCS set that is set
in the signal transmitted by terminal 200 increases.
[0065] Among SC-FDMA signals having the same bandwidth (certain
unit bandwidth), the smaller (greater) the number of clusters obtained
through division, the wider (narrower) is the bandwidth per cluster, that
20 is, the cluster size per cluster. That is, among SC-FDMA signals
having the same bandwidth, reducing (increasing) the number of
clusters obtained by dividing the SC-FDMA signal is equivalent fo
widening (narrowing) the cluster size per a plurality of clusters
obtained by dividing the SC-FDMA signal. Thus, setting section 211
25  may also divide the signal (SC-FDMA signal) in accordance with a
cluster pattern with a wider cluster size for a higher modulation level

indicated in the MCS set that is set in the signal transmitted by the
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through division, the wider (narrower) is the bandwidth per cluster, that 20 is, the cluster size per
cluster. That is, among SC-FDMA signals having the same bandwidth, reducing (increasing) the
number of clusters obtained by dividing the SC-FDMA signal is equivalent to widening (narrowing) the
cluster size per a plurality of clusters obtained by dividing the SC-FDMA signal. Thus, setting section
211 25 may also divide the signal (SC-FDMA signal) in accordance with a cluster pattern with a wider

cluster sizE*1SR Higher Middulbtions f&vet i aicatdd in e MES b R4 i€ sEL T tRE IghH Fansmitted

by the terminal.That is, sch dule[ulqltz mayég&germin .acluster %aﬁt{e{n indicatiqgi%(ygicd rgluster size

for a highér“ Salfator 18VE ThdicAd in e MES asei”tfgiiz}\telrs setin ﬁlelgllélna(;flvt?ans.m|ttea eby terminal

200. [006§]This. il bg desaribed mare spegifically pelow Heke: @3 % Phewn inf|Geb cases using, as

a modulation scheme, QPSK (modulation level: low) where two bits are transmitted with one symbol,
16 QAM (Twelsiationtevel: wigdiue) wheseifoed bitsoate tposiittad]with eRessymbidr anck64 QAM
(modulation level: high) where six bits are transmitted with one symbol will be described.Furthermore,
the 1Gbandiniditn of the EISTAFDNKS signalsimELG.BA and FIQGB athanis, 1k total clisley ize of
clusters #0 to #3 shown in FIG.5A is equal to the total cluster size of clusters #0 and #1 shown in
FIG.5B. [00B 716t Heduied 419! of Base Elith 100 JabtedSed ESMAHISS: B HUSRFS WRIENS the cluster
size) as thfr?mg{]d}rdn tion Ie¥e5i creases. 15 To (%)e_r% re %pecifig as sbh wn. in FgIGA gch{aed&ner 112

: : t
increases elilcl)lfoc usters Fnar%\?vs the cluste s‘f‘éeﬂgr bﬂ’gK ot & fow moadluﬁa%llon level. On the

other hand, ag, Shawn inFiGH4 seheslbler 442 decraases die RurEber ot lusiers: Gvidgns ihe cluster

size) for 64 QAM of a high modulation level.That is, scheduler 112 determines a
are transmitted with one symbol will be described. Furthermore, the

10  bandwidth of the C-SC-FDMA signal in FIG.5A and FIG.5B, that is, the
total cluster size of clusters #0 to #3 shown in FIG.5A is equal to the
total cluster size of clusters #0 and #1 shown in FIG.5B.

[0067] Scheduler 112 of base station 100 decreases the number of
clusters (widens the cluster size) as the modulation level increases.

15 To be more specific, as shown'.in FI1G.4, scheduler 112 increases the
number of clusters (narrows the cluster size) for QPSK of a low
modulation level. On the other hand, as shown in FI1G.4, scheduler 112
decreases the number of clusters (widens the cluster size) for 64 QAM
of a high modulation level. That is, scheduler 112 determines a

20 cluster pattern that matches the number of clusters (high, medium, low)
or cluster size (narrow, medium, wide) in accordance with the
modulation level (low, medium, high). Base station 100 then reports
spectrum division information including the determined cluster pattern
(the number of clusters or cluster size) and frequency resource

25 information to terminal 200.

[0068] Division section 212 of setting section 211 of terminal 200 |

divides the SC-FDMA signal (spectrum) inputted from DFT section 210
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20cluster pattern that matches the number of clusters (high, medium, low) or cluster size (narrow,
medium, wide) in accordance with the modulation level (low, medium, high). Base station 100 then
reports spectrum division information including the determined cluster pattern (the number of clusters
or cluster size) and frequency resource 25information to terminal 200. [0068]Division section 212 of
setting section 211 of terminal 200 divides the SC-FDMA signal (spectrum) inputted from DFT section
210 into a plorality ofrellistersfactosding tedherdustert patterncdetermipedtbyrschegotei 1@ (the
number of clusters or cluster sizenghat is, division section 212 divides the SC-FDMA signal in
accordandeywitl edubtar padelihtna shanep AumBatsclistei s fdeths Wikler cllbil 38ize) for a

higher modulation level indicated in the MCS se IS set in.a signal transmitted by th
torminal MG SetbHT 5120 sTHG e DUt TN el B8 ST BY RSt i
disco”“”“%H?s?@ﬂ%%’i%rﬁ?%%rﬁeé ased QN IeAERACY FESANES MY Mation. [RGO Mg, for

example, the modulation scheme is QPSK 10 (modulation level: low), scheduler 112 determines a

clustes patiesg YthenymMben of GlustarEer Glusisresizaxsohal the umber of chstais increases as
shown in Fla5A (four clusters #0 to #3 in FIG.5A), that is, the cluster size per cluster becomes

narrower. s showgin F'1G.bAndivisiorh sedtion 2&2ndividles th! S5 FDEVIAsigivat (shettram) into four
15 clusters of clusters #0 to #3 and mapping section 213 maps four clusters #0 to #3 to discontinuous
frequency TeEo LSS AL WA i EIGBAR & GBS IppVIAYSIHhA WitkeaShigh PaspRHsFatSters

(narrow clyster size) is thus generated. [0071(%| On the other hand, when the modulation scheme is 64

QAM 20 (HSSHEARSH 1B98R HigRS, LeRedar T HERhINES 8§ GstRT pattéintie number of clusters
or clusier $ig6e 89 ShoWIDL1GrR salhal fhe nummer plakialai decteanan (wocligiplcf0 and #1

in FIG.5B), that is, the cluster size becomes wider. As shown in FIG.5B, division section 212 divides
the $G-FDMA signal spestrem) into twelchasiess aficlugteermines a cluster pattern (the
number of clusters or cluster size) so that the number of clusters
increases as shown in FIG.5A (four clusters #0 to #3 in FIG.5A), that is,
the cluster size per cluster becomes narrower. As shown in FIG.5A,
division section 212 divides the SC-FDMA signal (spectrum) into four
15  clusters of clusters #0 to #3 and mapping section 213 maps four
clusters #0 to #3 to discontinuous frequency resources. As shown in
FIG.5A, a C-SC-FDMA signal with a high number of clusters (narrow
cluster size) is thus generated.
[0070] On the other hand, when the modulation scheme is 64 QAM
20  (modulation level: high}, scheduler 112 determines a cluster pattern
(the number of clusters or cluster size) as shown in FIG.5B so that the
number of clusters decreases (two clusters #0 and #1 in FIG.5B), that is,
the cluster size becomes wider. As shoﬁn in FIG.5B, division section
212 divides the SC-FDMA signal (spectrum) into two clusters of cluster
25 #0 and cluster #1 and mapping section 213 maps cluster #0 and cluster
#1 to discontinuous frequency resources. Thus, as shown inFIG.5B, a

C-SC-FDMA signal with a low number of clusters (wide cluster size) is
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25 #0 and cluster #1 and mapping section 213 maps cluster #0 and cluster #1 to discontinuous
frequency resources. Thus, as shown inFIG.5B, a C-SC-FDMA signal with a low number of clusters
(wide cluster size) is generated. [0071] Terminal 200 then transmits the C-SC-FDMA signal shown in
FIG.5A (modulation scheme: QPSK) or FIG.5B (modulation scheme: 64 QAM) to base station 100 and
base station 100 applies equalization 5 processing to the received C-SC-FDMA signal and combines
the C-SC-EBPMAasigrhal (a plurality of clusters) after the equalization processing. This allows base
station 100 to obtain a signal after the cluster combination as shown in FIG.6A ﬂmodulatio_n scheme:

QPSK) or 16788 (mbefumsitivt sth@nbesattsamm ito[oby 2fas ShddAMArfaea | whertthe! fodulation
level is | lati ne: QPSK), th f disconti ints in a fluctuatjon of th
calized NG A T I A R B o 2l g B, TS o HEF G R LA i G, when the
modulatioplevghis, igh, (modylation seheme: 54, 24M) e AUMBEr QL AIFCANINHAHS, 48 PRINtS In &

fluctuation of the equalized channel gain in the combined signal is 1. That is, as shown in FIG.6A and
FIG.6B, agpthe medulatiop level ingeasesd the ramiyep of disceptiauous poirtshrbafiictuation of the
equalized channel gain in the combined signal decreases. That is, the higher the modulation level, the
less is 1STgékerdateidt conghiming 20pbints! {thscohtimlossgueints)f ofra plurality of Glusters.
[0073]Thus, when the modulation level is high, that is, when the Euclidean distance between signal
points is sREACERA idBustIdss afamesI DagowabiRI ST 160, Aherhtintbéf BF elugdl e ofithe

C-SC-FDI\Q'IA\uSSI qalcleosn';%q%% Pegogshghccl)%gegg%el&gljlg??neg 'Jem?on scheme: QPSK) or

FIG.6B (modulation scheme: 64 QAM).

16 [0072] As shown in FIG.6A, when the modulation level is low
{(modulation scheme: QPSK), the number of discontinuous points in a
fluctuation of the equalized channel gain in the combined signal is 3.
On the other hand, as shown in FIG.6B, when the modulation level is
high (modulation scheme: 64 QAM), the number of discontinuous

15 points in a fluctuation of the equalized channel gain in the combined
signal is 1. That is, as shown in FIG.6A and FIG.0B, as the modulation
level increases, the number of discontinuous points in a fluctuation of
the equalized channel gain in the combined signal decreases. That is,
the higher the modulation level, the less is ISI generated at combining

20 points {discontinuous points) of a plurality of clusters.

[0673] Thus, when the modulation level is high, that is, when the
Euclidean distance between signal points is short and robustness
against IST (allowable ISI) is low, the number of clusters of the
C-SC-FDMA signal is reduce& {or the cluster size is widened). This

25 lessens ISI against the C-SC-FDMA signal.

[06074] On the other hand, when the modulation level is low, that is,

when the Euclidean distance between signal points is long and
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25lessens 1ST against the C-SC-FDMA signal. [0074] On the other hand, when the modulation level is
low, that is, when the Euclidean distance between signal points is long and robustness against IS1
(allowable 1St) is great, the number of clusters of C-SC-FDMA signal is increased (the cluster size is
narrowed). This causes more clusters to be mapped to a plurality of frequency resources having
different channel fluctuations, and can thereby improve the 5 frequency diversity effect. However, as
shown in EIG 6 wher e modlidtion leverid eolel) the BuaSertbrdisEsrtiruds pointsih a
fluctuation of the equalized channel gain in the cog‘gine&qﬁs&gnal increases (that iﬁ, 151éncreases).

However, Sin&e He foBddineue Bahitst 181C EifsvENg &lothes hidute b the moddidtion level
10decreases; 40¢ ENGR.f dRT O IANSBIPSICR LRGSO P [789,100L9] T, Aggording to
thod, th [ Ivides ig

the presenct setting method, the terminal the SC-FDMA signal by the number of clusters (or

cluster sizg), accordingriq- the modulationdayvealindieated imine Me Staetk-cHiusiHas @ highgrenodulation

level (lower allowable ISI), the terminal reduces 15 the number of clusters of the C-SC-FDMA signal
(reduges the:guetbey of sambining peiots (discentinelous paihisivaf cluskaiS)p@and edre thetsby reduce
IS!. Furthermore, for a lower modulation level (greater allowable 1SI), the terminal increases the
number oftelétdrs ofthé TS CiFDIVIK Signidicand BerethetEb g ipssrovid we'fred Qehty divefsity 20
effect. Thus, the present setting method can improve transmission c&aracter' tics according to the
moduIatioﬁil%QBf,aéPﬂilcaﬁfthgr‘@bfiﬁ‘r‘ﬁfﬁg dsé ﬁﬂBﬁghﬁﬁffbr Hhch grn?ﬁ%%ﬂﬁé? maiftdlning the

effect of Improving.SyS{em (IQUONRYL By G:SCEDMA (B, elisiering Ao Sq DA SIgNAL po mater
1Fu : : '

what the moduTation level is. é%[o rthermore, the present setting method determines the

number of Gysters (@yster sizgk 8eeording W thareqdylationjeval, and ¢aBdulation level
therebycontrollSI.Thus,when,for example,adaptive modulation/channel coding (Adaptive Modulation

and ¢channgt Geding:, AME) cointeal ds wdelh thenbase stafioni detetmines dhis iember e glusters (cluster
size) according to the modulation level, controls ISI, and can thereby estimate instantaneous ISl
beforehantl Thiik, thehlvaseaccording to the present setting method, the terminal
divides the SC-FDMA signal by the number of clusters (or cluster size)
according to the modulation level indicated in the MCS set. Thus, for
a higher modulation level (lower allowable ISI), the terminal reduces
15 the number of clusters of the C-SC-FDMA signal (reduces the number
of combining points (discontinuous points) of clusters), and can thereby
reduce ISI. Furthermore, for a lower modulation level (greater
allowable ISI), the terminal increases the number of clusters of the
C-SC-FDMA signal, and can thereby improve the frequency diversity
20  effect. Thus, the present setting method can improve transmission
characteristics according to the modulation level, and can thereby
improve user throughput for each terminal while maintaining the effect
of improving system throughput by C-SC-FDMA (by clustering an
SC-FDMA signal) no matter what the modulation level is.
25  [0076] Furthermore, the present setting method determines the number

of clusters (cluster size) according to the modulation level, and can

thereby control ISL Thus, when, for example, adaptive
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5 station is more likely to be able to select an accurate MCS set in accordance with instantaneous
receiving quality (e.g. instantaneous SINR) with the influence of instantaneous ISI taken into account.
Thus, the present setting method selects an accurate MCS set, and can thereby reduce the number of
retransmissions due to transmission errors, 10and can thereby further improve user throughput. [0077]
<Setting method 1-2> Although a case has been described in setting method | whereby setting
section 211 eifidet i SermbiAHR b rPhURbd of Bhidiérs coreshonding loth&odulation
level indicated in the MCS set 15 that is set in the C-SC-FDMA  signal, accqrding to the present setting
method, s&%&%e%ﬂgﬁrﬁjl Hafss plus’g i o boRt b b

fity o%scﬁué?ttearts‘%lfrequency t63ourtesat 4 efistér spacing

corresponging fg, (e modulptian lsvelsetin e G SEFRYASIONGh 16007BL e yideyfhe cluster

spacing of the C-SC-FDMA signal, the 20 lower is the frequency correlation between channels through

which eachduster prepagatesihuse when hase.statiars 100:-appbrs egualizaiien precessing based on
a minimum mean square error (MMSE) approach or the like whereby a reception spectrum received

after propagating tHrough & frédudycyt selectivb lehdrnelcdkerot eomplateiy tecdhsttlcted, 26 a
difference in equalized channel gain (power difference and amplitude difference, and phase difference
when ther@4€ & éRansel &t amsh artapeaticonBRfigl pEin@U@isEontiubud PHIATERS Plurality of

clusters making up a. C-SC-FDMA signal increases and 1ST therefore jncreases. That is, the wider the
cluster spatih ftWét%-é%ﬁ-’Flf)ﬂ/f USiBREI Ae GHEEBIIS TS iﬁier fds, ’Ig‘f(be%g(f‘ﬁ’eushlgéss as the

cluster spaging ot fie e DMA:siangl hecamen partoer, @ [A79 s, agcordinada,he present

setting method, for a Kigher modulation level indicated in an MCS ‘set that is set in a signal transmitted

by the terminak isetlingusastian 2biivapsd sidnahtaG-KRIMA gignal) ta anplwaliyoef digeastinuous
frequency resources in accordance with a cluster pattern with a narrower cluster spacing. 10 That is,
scheduler 442 deterinimeb n Glustermpattem indieatingle magbwert.cluster spacing for a higher
modulation level indicated in the MCS set that is set in the signal transmitted by terminal 200. [0080]
Hereinafteh? thid il e Hékeareg hefe spetifically. Here, suppose the number of clusters is 2 (cluster

#0 and cluster #1 shown in, 15 FIG. 8A and FIG, 8B).. Furthermore, as with, setting methqd 1-1, a case
wil be described \HAIS SR [AGUIAORSEUAION H8 GAM M AO! el WS and 64

QAM (Modulih 14t ilighhas ShewiLFIfz." aee-wasthas emaduigtian schame & uihermore, as
g method 1-1, the bandwidths of the respective C-SC-FDMA 20signals in FIG.8A and
FIG.8B arg thetsaM@orresponding to the modulation level indicated in the MCS set
15  that is set in the C-SC-FDMA signal, according to the present setting
method, sefting section 211 maps a plurality of clusters to frequency
resources at a cluster spacing corresponding to the modulation level set
in the C-SC-FDMA signal.
[0078] The wider the cluster spacing of the C-SC-FDMA signal, the
20 | lower is the frequency correlation between channels through which each
cluster propagates. Thus, when base station 100 applies equglization
processing based on a minimum mean square error (MMSE) approach or
the like whereby a reception spectrum received after propagating
through a frequency selective channel is not completely reconstructed,
25 a difference in equalized channel gain (power difference and amplitude

difference, and phase difference when there is a channel estimation

error) at combining points (discontinuous points) of a plurality of
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[0081]Scheduler 112 of base station 100 narrows the cluster spacing for a higher modulation level. To
be more specific, as shown in FIG.7, scheduler 112 widens the cluster spacing for QPSK of a low
modulation level. Furthermore, as shown in FIG.7, scheduler 112 narrows the 25 cluster spacing for
64 QAM of a high modulation level. That is, scheduler 112 determines a cluster pattern that matches
the cluster spacing (wide, medium, narrow) according to the modulation level (low, medium,
high).Basecbtatiors 100 kparts! frequendfrdsbured infermatibhcrkiidingswedirdnt Bivision ¢nformation
(e.g. the number of clusters: 2) and the determined cluster pattern (cluster spacin%ga terminal 200.

5[0082] DiVASiIEFPSEEtion DA% of ettty Yddifdn PF1 B Hhindl #0168 divideSthe sE FOMAKnal
e ok AR e flom R T 3eetonsio Ho HIR dusieleaccpd nadodi sheet M Hlon
A sk :

information (here, the ndmber of clusters: 2). Furt ermore, mapping section of setting section 211

maps the MQQ%%&%E?@%P@HQU@U% frepvancy dQrespwees AcGOrding, o dhe cluster pattern (cluster
spacing) determined by scheduler 112. That is, mapping section 213 maps the plurality of clusters to a

pluraliy of{discontinddissfrenteneyi rasourcelsdnpesentance with anctusted pattermwithgh eilarrower
cluster spacing for a higher modulation level indicated in the MCS set that is set in the 15signal
transmitteénisyl tHe terminal fd088MES dfoi exampM (e meidulbtibnischiethelis GPSKebdulation

level: low), scheduler 112 determines a cluster pattern , )
transmitted by the terminal, setting section 211 maps a signal

(SC-FDMA signal) to a plurality of discontinuous {requency resources
in accordance with a cluster pattern with a narrower cluster spacing.
10 That is, scheduler 112 determines a cluster pattern indicating a
narrower cluster spacing for a higher modulation level indicated in the
MCS set that is set in the signal transmitted by terminal 200.
[0080] Hereinafter, this will be described more specifically. Here,
suppose the number of clusters is 2 (cluster #0 and cluster #1 shown in
15 FIG.8A and FEG.SB). Furthermore, as with setting method 1-1, a case
will be described where QPSK (modulation level: low), 16 QAM
{modulation level: medium) and 64 QAM (modulation level: high) as
shown in FIG.7 are used as the modulation scheme. Furthermore,nas
with setting method 1-1, the bandwidths of the respective C-SC-FDMA
20  signals in FIG.8A and FIG.8B are the same.
[0081] Scheduler 112 of base station 100 narrows the cluster spacing
for a higher modulation level. To be more specific, as shown in FI1G.7,
scheduler 112 widens the cluster spacing for QPSK of a low modulation
level. Furthermore, as shown in FIG.7, scheduler 112 narrows the
25 cluster spacing for 64 QAM of a high modulation level. That is,
scheduler 112 determines a cluster pattern that matches the cluster

spacing (wide, medium, narrow) according to the modulation level (low,
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(cluster spacing) so that the cluster spacing becomes wider as shown in F1G.8A. Mapping section 213
then maps the two clusters of cluster #0 20 and cluster #1 generated by dividing the SC-FDMA signal
(spectrum) by division section 212 as shown in FIG.8A to discontinuous frequency resources
separated apart by the frequency spacing shown in the cluster pattern. As shown in FIG.8A, a
C-SC-FDMA signal having a wide frequency spacing between cluster #0 and cluster #1 is generated.
25 [0084] @re dheothehhghil, wheB the methfation Sdhemeds 64 QAM ¢modutation devalr ¢igh),
scheduler 112 determines a cluster pattern (cluster spacing) so that the cluster spacing becomes
narrower 4§ ShBWATIRIFIG 8B R KARE THEIGIBB! S iR GOdERBbIP D 185ten tha RS Husters of
cluster #0 apd cluster #1 generated by dividing the SC-FDMA sjgnal (spectrum) by division section
212 to disé’oglt?rfﬁéb%r?fe&ﬂeﬁ%})(}a rglsgu}r%etg ls%f?é?éfec Sy Bjyat?%%rfl}e é?elhséf Iépgef?:%;?én owh in the
cluster patfern, As, shewn in FIG.8B, a C-SC-FDMA signal having a wide frequency spacing between
cluster #0 and cluster #1 is thereby generated. [0085] Terminal 200 then transmits the C-SC-FDMA
signakshoyguigff|G.BAJmadulatien segheme: QPSI)0h F 168 fnodulation sehemeab4200 QAM) to
base station 100. Thus, base station 100 obtains a signal after the cluster combination as shown in
FIG.9A (mdduldtient beh&me? RFIK ) iy G (9B g todul ationp sthamergy OAN) s foogsiwWhich the
modulation level is low (modulation scheme: QPSK) as shown in FIG.9A, the frequency spacing
between chidRr#PapP 1FEuSRFHE I8 Wit Hhe fRerdgRn éstralatiirbRRAeR dli&térs is low.

Thus, as shown in FIG.8A, the, difference, {n equalized channel gain is large at the cgmbining point
(isconindbte BURE St ok MI8re"on 2o oti AR AR

e other hand, w &h 3%%3&1ats|8ﬁtlleo\}lel IS high as shown in

FIG.8B (modulafion selie/nes 64 Qi) hecreguency spaging behwesm elHRIGH 2040, aad cluster #1 is

narrow and the frequency correlation between the clusters is high. Thus, as shown in FIG.9B, the
diffefgnce jg RAualized ebanngl gain ihsmah atdhe,aersbining peoist (discontinuaus qeiit f the
clusters. That is, as shown in FIG.9A and FIG.9B, the higher the modulation level, the lower is the
difference bry esgiadidediechahidel gdiina25iat ther pomsigning Poimt 2discortinudbs pdimtp bitthe Elusters.
Thus, the higher the modulation level, the less is 1ST generated due to discontinuity at the combining
points améﬁﬁséﬁﬁraﬁ%/ ofclidimiglity of discontinuous frequency resources in

accordance with a cluster pattern with a narrower cluster spacing for a
higher modulation level indicated in the MCS set that is set in the

15 signal transmitted by the terminal.
[0083] When, for example, the modulation scheme is QPSK
(modulation level: low), scheduler 112 determines a cluster pattern
(cluster spacing) so that the cluster spacing becomes wider as shown in
FIG.8A. Mapping section 213 then maps the two clusters of cluster #0

20  and cluster #1 generated by dividing the SC-FDMA signal (spectrum)
by division section 212 as shown in FIG.8A to discontinuous frequency
resources separated apart by the frequency spacing shown in the cluster
pattern. As shown in FIG.8A, a C-SC-FDMA signal having a wide
frequency spacing between cluster #0 and cluster #1 is generated.

25 |0084] On the other hand, when the modulation scheme is 64 QAM
(modulationl level: high), scheduler 112 determines a cluster pattern

(cluster spacing) so that the cluster spacing becomes narrower as shown
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[0087]Thus, when the modulation level is higher, that is, robustness against ISl (allowable 1SI) is lower,
the cluster spacing of the C-SC-FDMA signal is narrowed. As with setting method 1-1 (when the
number of clusters is reduced), this makes it possible to reduce ISI 5with the C-SC-FDMA signal.
[0088]0On the other hand, when the modulation level is lower, that is, robustness against 151
(allowable 1ST és,/g%iater, the cluster spacin% of the C-SC-FDMA signal is widened. This makes it

possible to't e frequiHey Bivardid efdtt fAERBNSEHSRT FAPping aPiEfafPBf 18 Rlusters to

frequency resources separated further from each pther, However, when the odL#]ation vel is lower,
Fies f hAee %ﬂ? a g‘e éa‘.%%%ifp #E enTmWe(F bgd @Wlt l?e

the spacing Be%\?vlésenoc usters making uprf MA signal is widened, and 1élr%foré, as shown

in, FIG.9Ag therdiffargnessingaualized ghanme) aainiat she sorpRining poing (discantinuews; point) of the
clusters becomes greater 15 (that is, IS! increases). However, since the lower the modulation level,
the greatefisqabustnass againrst 154 {alovdahle {St)h thehaflfiengse ot ¥Sdpanittanshussionn
characteristics is less. [0089]Thus, according to the present setting method, the terminal maps a
plurality oft blustéus terfregienty redsusbesrat atllidterpading - 26 abbvlig tetaé hodwation level
indicated in the MCS set. Thus, by narrowing the cluster spacing of the C-SC-FDMA signal (by
increasingh& dfathef HEBEENR COBIRBIT &MY Wiirdiity B LIsstts§Tor h highdf ifdYulation

level (Iowereallpyvig)ée ISI), the terminal can reduce ISI. Furthermore, by widening the cluster spacing
of the C-SE-FOMA

{0085} Terminal 200 then transmits the C—SC-FDMA signal shown in
FIG.8A (modulation scheme: QPSK) or FIG.8B (modulation scheme: 64
10 QAM) to base station 100. Thus, base station 100 obtains a signal
after the cluster combination as shown in FIG.9A (modulation scheme:
QPSK) or FIG.9B {modulation scheme: 64 QAM).
[0086] When the modulation level is low (modulation scheme: QPSK)
as shown in FIG.9A, the frequency spacing between cluster #0 and
15 cluster #1 is wide and the frequency correlation between clusters is low.
Thus, as shown in FIG.8A, the difference in equalized channel gain is
large at the combining point (discontinuous point) of the clusters. On
the other hand, when the modulation level is high as shown in FIG.8B
(modulation scheme: 64 QAM]}, the frequency spacing between cluster
20 #0 and cluster #1 is narrow and the frequency correlation between the
clusters is high. Thus, as shown in FI1G.9B, the difference in equalized
channel gain is small at the combining point (discontinuous point) of
the clusters. That is, as shown in FIG.9A and FIG.QB, the higher the
modulation level, the lower is the difference in equalized channel gain
25  at the combining point (discontinuous point) of the clusters. Thus, the
higher the modulation level, the less 1s ISI generated due to

discontinuity at the combining points among a plurality of clusters.
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25signal for a low modulation level (greater allowable IS1), the terminal can improve the frequency
diversity effect.Thus, according to the present setting method, as with setting method 1-1, it is possible
to improve user throughput at each terminal while maintaining the effect of improving system
throughput by C-SC-FDMA (that is, by clustering the SC-FDMA signal) no matter what the modulation
level is. [0090]Furthermore, the present setting method determines the cluster 5 spacing according to
the modul&atios Tdvel Tang canttheréhy redded At$e.T hesehd svibh Setting Imaéthod 1o b bafitas AMC
control is used, the base station determines a cluster spacing according to the modulation level and
controls IgaHStar Herébll estrhite islantihedd¥ rS1 beRSTeltaRd! Hor tHTEs0R [thEase station

selects anaceuate MIGS set accarding 10 o fgstantancays receiving quality (e 9. jntananeous

SINR) with the influence of instantaneous1SI"taken into account, and can thereby re Uce the number

of retransmigsions, ea4see By Lansmissien ecars, and fusherdmproyss uaerdhroyghpide [P9P1]<Setting
method 1-3> 15According to the present setting method, setting section 211 divides the SC-FDMA

signakby the mumbecofclusters Khei puriber of divisions) according to a coding size (code block size)
set in a C-SC-FDMA signal. [0092]Since the greater the coding size, the higher is the coding gain
20(or errof ¢BR8Eting vapaeity)h cobustbsy hgairibel 5o (hilbwiirel eSolinerbawes. [thathés.words,
since the smaller the coding size, the lower is the coding gain (or error correcting capacity), robustness

against 1SP@NSHENE 35 Bedohtds (@A o d S EURNEHRGFE; d8SuMmingtHal B EBBIRG rate and

mOdU|atlo?he C-SC-FDMA signal is widened. This makes it possible to improve

the frequency diversity effect resulting from mapping a plurality of
10 clusters to frequency resources separated further from each other.
However, when the modulation level is lower, the spacing between
clusters making up the C-SC-FDMA signal is widened, and therefore, as
shown in, FIG.9A, the difference in equalized channel gain at the
combining point (discontinuous point) of the clusters becomes greater
15 (that is, ISI increases), However, since the lower the modulation level,
the greater is robustness against IST (allowable IS1), the influence of
ISI on transmission characteristics is less.
[0089] Thus, according to the present setting method, the terminal
maps a plurality of clusters to frequency resources at a cluster spacing
20  according to the modulation level indicated in the MCS set. Thus, by
narrowing the cluster spacing of the C-SC-FDMA signal (by increasing
the channel frequency correlation among a plurality of clusters) for a
higher modulation level (lower allowable ISI), the terminal can reduce
ISI. Furthermore, by widening the cluster spacing of the C-SC-FDMA
25 signal for a low modulation level (greater allowable IS1), the terminal
can improve the frequency diversity effect. Thus,'-according to the

present setting method, as with setting method 1-1, it is possible to
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25 level with respect to a signal are fixed, the smaller the coding size, the narrower is the bandwidth
allocated to the signal in the frequency domain, that is, the number of allocated RBs decreases.
[0094]Therefore, setting section 211 preferably sets an arrangement of a C-SC-FDMA signal (a
plurality of clusters) in the frequency domain such that the smaller the coding size set in the
C-SC-FDMA signal transmitted by the terminal (or the smaller the number of 5allocated RBs), the less
is 1SI. [00DBPTRUS AdedrdihiribahB Hrede A SBithsgRidthbaY BEEint sbttios Pual HiGdeE ase signal

(SC-FDMA signal) in accordance with a cluster pattern, wi aller number of glusters (the number
of clustersoﬁse?’&gFféYﬁ%ifgﬁﬁ%%i&f}{)of%g ps%a‘ﬁ r(26%%ggtps@%og%ggnéﬂé?)ﬁuﬁiggr} 909'6% allocated

RBs) set ify fhe sigpa fFananitiad oy e Jereringl .t hatdsmephedulcrl 42 defeunines a cluster pattern

indicating a smaller number oOf clusters for a smaller coding size set in the signal transmitted by
terminal 200 As]in the qase Alalocation rethadsktliseting bedtide R hmay alse dividecihe signal
(SC-FDMA signal) in accordance with a 15 cluster pattern with a wider cluster size for a smaller
coding sizepseti ingthe sigribilitpnsnilitedrnydibe teemiheal ¢or ford saralldrarambearcetalfodited RBs).
[0096]Hereinafter, this will be described more specifically.Here, as shown in FIG.10, a case will be
described WHete éscb}di% gpztéxﬁgrgg’ethod 1-1, when AMC control is used, the base

station determines a cluster spacing according to the modulation level
and controls ISI, and can thereby estimate instantaneous ISI beforehand.
For this reason, the base station selects an accurate MCS set according
10 to instantaneous receiving quality (e.g. instantaneous SINR) with the
influence of instantaneous ISI taken into account, and can thereby
reduce the number of retransmissions caused by transmission errors and
further improve user throughput.
[0091] <Setting method 1-3>
15 According to the present setting method, setting section 211
divides the SC-FDMA signal by the number of clusters (the number of
8ivisi0ns) according to a coding size {code block size) set in a
C-SC-FDMA signal.
[0092] Since the greater the coding size, the higher is the coding gain
20  (or error correcting capacity), robustne‘ss against IS1 (allowable ISI)
increases. In other words, since the smaller the coding size, the lower
is the coding gain (or error correcting capacity), robustness against ISI
(allowable ISI) becomes smaller.
[0093] Furthermore, assuming that the coding rate and modulation
25 level with respect to a signal are fixed, the smaller the coding size, the
narrower is the bandwidth allocated to the signal in the frequency

domain, that is, the number of allocated RBs decreases.
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20medium, small) (or the number of allocated RBs (high, medium, low)) is used.Furthermore, in
FIG.11A and FIG.11B, suppose an MCS set (coding rate and modulation level) set in a C-SC-FDMA
signal is fixed. [0097] Scheduler 112 reduces the number of clusters (widens the cluster size) as the
coding size decreases (as the number of allocated 25 RBs becomes smaller). To be more specific, as
shown in FIG.10, scheduler 112 determines a cluster pattern that matches the number of clusters
(high, meditf®4ow) TdreckStiee sizetthagow chiediui Jwid@eaekbrdiy todhetEbaTHEE 848 Harge,
medium, small) (or the number of allocated RBs (hjgh, medium, low)). Base station 100 then reports
spectrum Sivilor-intériat o nctidiy tHe dBtAEY dist&HBHESH (te Mhifbergt&hsters or
cluster size) and frequency resource 5information 2rminal 200. [0098] When,for Jle, the
coding sizgélénlglrae%ﬁzl nﬁﬁr%%e(gﬂo eﬁ%ggit)g%q lBes fgs%é% , s%ﬁzgd%fgr%%g ete%rnmsiheemgP ?gﬁj%ter pattern

(the number.of glusters Al iGasfersjzehas shawmin FIG 1A suchihptthetiumbenad efusiers

increases (six clusters #0 to #5 in FIG.11A), that is, 10 the cluster size per cluster becomes narrower
as with settinggnaibod 151, (F1&1843. ¥ #1e other hand, when the coding size is small (when the
number of allocated RBs is low), scheduler 112 determines the cluster pattern (the number of clusters
or cluster $e9 SlichThaitsthe aermben of clusters detraasest tine chstbeslz aHdm W HIGA113), that
15 is, the cluster size becomes wider as shown in FIG.11B as with setting method 1-1 (FIG.5B).

[0099]Dividibh Sd¥idRw iborighg CeEubh 2 divided ki BEESIMA Linal EhettflitiHto a plurality

of clusters based on the number of clustefs (or ¢luster.size) décatgd' he gl teyp,20 shown
i FIG.11 L EIA MBI BA e AEIERL o s e D mlﬁ‘e} %F%%esrt%- ¢

IS, division section \Y € signal In accoraance with a cluster

pattern wit.a,.gmaller; PWRRELAGKISIALS eprsmigﬁfei;l%%t@{r§%2%15@r -smalleneosingnsizensgt in the
signal transmitted by the terminal (for a smaller number of allocated RBs). Mapping section 213 maps

the ploralityfof Dlusteesit® 25 \disaohiinieus freguenaysiasolrddsybased amfiegqliencyiresosrce
information.
scheduler 112 determines a cluster pattern indicating a smaller number
of clusters for a smaller coding size sct in the signal transmitted by
terminal 200. As in the case of allocation method 1-1, setting section
211 may also divide the signal (SC-FDMA signal) in accordance with a
15 cluster pattern with a wider cluster size for a_smailer coding size set iﬁ
the signal transmitted by the terminal (or for a smaller nuomber of
allocated RBs).
[0096] Hereinafter, this will be described more specifically. Here,
as shown in FIG.10, a case will be described where a coding size (large,
20  medium, small) (or the number of allocated RBs (high, medium, low))
is used. Furthermore, in FIG.11A and FIG.11B, suppose an MCS set
(coding rate and modulation level) set in a C-SC-FDMA signal is fixed.
[0097] Scheduler 112 reduces the number of clusters (widens the
cluster size) as the coding size decreases (as the number of allocated
25 RBs becomes smaller). To be more specific, as shown in FIG.10,

scheduler 112 determines a cluster pattern that matches the number of

clusters (high, medium, low) (or cluster size (narrow, medium, wide})
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[0100] Thus, when the coding size is smaller (when the number of allocated RBs is smaller), that is,
when robustness against ISI (allowable ISl) is lower, the number of clusters of the C-SC-FDMA signal
is reduced (or the cluster size is widened) as with setting method 1-1. This reduces the number of
discontinuous points of a fluctuation 5 of the equalized channel gain in the combined signal in base
station 100, and can thereby reduce ISI with the C-SC-FDMA signal. [0101] Furthermore, when the
coding sizedsdadjeg(wheh the ndimiges Ffcal(beeged RBY i highena that srwifien teBustiess against
1ST (allowable LSI) is higher, the number of clusters of the C-SC-FDMA 10signal is increased (the
cluster siz8!i© RatesvEd asWidhse i itdthotrd) Thi& éﬁﬁsééafﬁg’hu}r{b%r%’fedisésmﬁ&%us points

of a fluctuation of the equalized. channel gain to incregase in the combined, signal, bu > station 100
performs RS E‘&Ir}éc?ielr%l %ilé)cnodilrlﬁlggovrv]i a%? arge %@"Hfﬁa i%g,eaﬁg%g%n{ﬁlgrebﬁ?r#ﬁ% e%%sg?ﬁequency
diversity effgct and aiain §% agreatercoging gain while;suppresding thg influsncepballwable 1S1.
[0102] Thus, according to the present setting method, even when the terminal divides the SC-FDMA
signakby therpurben af clustersithe nomber of divisions) according to the coding size (or the number
of allocated RBs), it is possible to improve user throughput at each 20 terminal while maintaining the
effect of inipfoAg syétem,thfetgtpuriy) G-STeFDMANEhat is; by clasesidghhe 8TPEPMATsignal) no
matter what the coding size is as with setting method 1-1. [0103]<Setting method 1-4> AtE%ording to

the preserii$fis tnBREd Stimy settibrdH £ od b sheh3mtity o ALRILFS MAKREUp
C-SC-FDMA si ltof ith lust i ding, t i th
sinel 1 rpqueney esoreps it A clisiey spacing sarespadngia g othace (he

number of afiocated’ RBs) Set'in & at’is, according to the present setting
method, gl e of clusters increases (six clusters #0 to #5 in F1G.11A), that is,

10 the cluster size per cluster becomes narrower as with setting method
I-1 (FIG.5A). On the other hand, when the coding size is small (when
the number of allocated RBs is low), scheduler 112 determines the
cluster pattern (the number of clusters or cluster size) such that the
number of cllusters decreases (two clusters #0 and #1 in FIG.11B), that

15 is, the cluster size becomes wider as shown in FIG.11B as with setting
method 1-1 (FIG.5B).

[0099] Division section 212 of setting section 211 divides an
SC-FDMA signal (spectrum) into a plurality of clusters based on the
number of clusters (or cluster size) indicated in the cluster pattern

20 shown in FIG.11A or FIG.11B. That is, division section 212 divides
the signal in accordance with a cluster pattern with a smaller number of
clusters (or wider cluster size) for a smaller coding size set in the
signal transmitted by the terminal (for a smaller number of allocated
RBs). Mapping section 213 maps the plurality of clusters to

25 discontinuous frequency resources based | on frequency resource
information.

[0100] Thus, when the coding size is smaller (when the number of
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section 211 maps a signal (SC-FDMA signal) to a plurality of discontinuous frequency resources in
accordance with a cluster pattern with a narrower cluster spacing for a smaller coding size (for a
smaller 5 number of allocated RBs) set in a signal transmitted by the terminal. That is, scheduler 112
determines a cluster pattern indicating a narrower cluster spacing for a smaller coding size (or for a
smaller number of allocated RBs) set in the signal transmitted by terminal 200. [0105] Hereinafter, this
will be desdribed tmbreRsBecifisallymdéle; 10supposesthewiuember of ehistess isaz faluster#3 and cluster
#1) as with setting method 1-2. Furthermore, as with setting method 1-3 (FIG. 10), a case will be '

described @& Baplim ER) 12 wWRarethe kedingrahse (afgs ridaramo Enibm) (or He hitber of
allocated RBs (high, medium, Jow)) is used, Furthermore, in FIG,13A and FIG., 138, suppose the
i qqs r guccggn,g (?hﬁo% Iles\;[gls SL§6 15 lé%ﬂ'—zgk/lg\s W .settmog [‘E)lfgé)fé

15MCS sestl(%lo Ing rate an Sdula etinaC- S|g}1a7f IS Tixe cheduler

112 narrows @ clupift spaaing fona smalieyccoding siz6 { foh asimaples sumberofallgeatad RBs). To be

more specific, as shown in FIG. 12, scheduler 112 deter a cluster pattern that 20matches the cluster
spacigg (widehrmedijual igedrew) acedrdiia tontha cedingh sized(lsergea madibim csmath)oer the; number of
allocated RBs (high, medium, low)). Base station 100 then reports frequency resource information
including spettamm tivdsidry imfolrratioh (evg  thehrufnter of Blbéterst 2) alnd the determined cluster

pattern (cluster ) o
[0101] Furthermore, when the coding size is larger (when the number

of allocated RBs is higher), that is, when robustness against ISI
(allowable IS1) is higher, the number of clusters of the C-SC-FDMA
10 signal is increased (the cluster size is narrowed) as with setting method
1-1. This causes the number of discontinuous points of a fluctuation
of the equalized channel gain to increase in the combined signal, but
base station 100 performs error correcting decoding with a large coding
size, and can thereby improve the frequency diversity effect and obtain
15 a greater coding gain while suppressing the influence of allowable ISI.
[0102]} Thus, according to the present setting method, even when the
terminal divides the SC—P_DMA signal by the number of clusters (the
number of divisions) according to the coding size (or the number of
allocated RBs), it is possible to improve user throughput at each
20  terminal while maintaining the effect of improving system throughput
by C-SC-FDMA (that is, by clustering the SC-FDMA signal) no matter
what the coding size is as with setting method 1-1.
[0103] <Setting method 1-4>
According to the present setting method, setting section 211
25 maps a plurality of clusters making up a C-SC-FDMA signal to
frequency resources with a cluster spacing corresponding to a coding

size (the number of allocated RBs) set in a C-SC-FDMA signal.
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25spacing) to terminal 200. [0107] When, for example, the coding size is large (the number of
allocated RBs is high), scheduler 112 determines a cluster pattern (cluster spacing) such that the
cluster spacing becomes wider as shown in FIG.13A as with setting method 1-2 (FIG8A). On the other
hand, when the coding size is small (when the number of allocated RBs is small), scheduler 112
determines a cluster pattern (cluster spacing) 5such that the cluster spacing becomes narrower as
shown in FI3.43B asWigt seésting ssetiba 4-2t (F1618B R (6108 DiRfSIbN Sedtipth 212 of &ty section

211 then divides an SC-FDMA signal (spectrum) into two clusters of cluster #0 and cluster #1 as

shown in ERS18A orEfG. 1ABPSastd e 8Ltk dividton 18 fitdihation thePd e HuimBEr of
clusters: 2). Eurthgrnrré%rgé rﬁa@ﬁ%ﬁgc}@s%g%ge%f ?Etti%gbgﬁ?g- PAY5 maps e o %953%%3 of cluster
t us n

1S¢C .
#0 and cluster #1 to discontin guency resources based on a cluster spacing indicated in the

cluster patieras shopnWR FIGL34 ARG BB ThatisMapring Sestian 213drapstha Riurality of

clusters to a 15 plurality of discontinuous frequency resources in accordance with a cluster pattern with
a narowen aludier spacintpiartasnrdiier cading sizes {gsaatlerrswmberdofballatatet: RBB)Het in a signal
transmitted by the terminal. [0109]Thus, when the coding size is smaller (the number of allocated 20
RBs is smallar), thtat isobhén obusthbssiatpinstss (alowhbiédsS|)nstivier, iel ttastagspacing of the
C-SC-FDMA signal is narrowed as with setting method 1-2. Thus, the frequency correlation between

clusters (He?E" D¥tifesn tiliCter BOARE cladtet #15 BESmER Hhet ! &indé a filEnfatitR Bt the equalized
e S SR R ST el o R R e o
reduced. 10105] Herecinafter, this will be described more specifically. Here,
10 suppose the number of clusters is 2 (cluster #0 and cluster #1) as with
setting method 1-2. Furthermore, as with setting method 1-3 (FIG.10),
a case will be described as shown in FIG.12 where the coding size
(large, medium, small} (or the number of allocated RBs (high, medium,
low)}) is used. Furthermore, in FIG. I3A and FIG.I3B, suppose the
15 MCS set (coding rate and modulation level) set in a C-SC-FDMA signal
is fixed.
[0106] Scheduler 112 narrows a cluster spaping for a smaller coding
size (for a smaller number of allocated RBS);;_ To be more specific, as
shown in FIG.12, scheduler 112 determings a cluster pattern that
20 matches the cluster spacing (wide, medium:,_z."-::narrow) according to the
coding size (large, medium, small) (or the} pumber of allocated RBs
(high, medium, low)). Base station 10(%:_.}}1611 reports frequency
resource information including spectrum divisio_n information (e.g. the
number of clusters: 2) and the determined cluster pattern (cluster
25 spacing) to terminal 200.
[0107] When, for example, the coding size is large (the number of

allocated RBs is high), scheduler 112 determines a cluster pattern
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[0110]Furthermore, when the coding size is larger (the number of allocated RBs is higher), that is,
robustness against ISI (allowable 151) is higher, the spacing of clusters making up a C-SC-FDMA
signal is widened as with setting method 1-2.Although this causes the 5frequency correlation between
clusters (here, between cluster #0 and cluster #1) to become lower (fluctuation of the equalized
channel gain at combining points (discontinuous points) of clusters becomes drastic), by performing
error corrdeting tescoriivig with ! klrgd abditgy sl tissposdibie 16 Fnprevethestetisbd diversity

effect and thereby obtain a 10large coding gain while su ing the influence qf allowahle 1SI. [0111]
Thus, accb?di%b%lﬁ‘é [?résgﬁfiestﬁﬁtdl?ﬁei% ,39e|]1"\/€hgﬁ{t%se§ ﬁhine@ PnéEg L pitfal I8?t:lusters to

frequency [FR0n1FeS Wil AdlusisL sRARG [Pt TGN eRANG cadiae FeRbla bt ofallocated

RBs), it is possible to improve user throughput for each terminal while 15 maintaining the effect of

improving gystam thrauaputrby €2S@RMALLY cdusiesing anpaGrRMA Rigbel) Bp raaiter what the
coding size is as with setting method 1-2. [0112]<Setting method 1-5> According to the present setting

methadd, settirlg Sectioh 211120 divigas arp SCHDMA signab iy thesnsimben oficltisténs3(the number of
divisions) according to a coding rate indicated in an MCS set that is set in a C-SC-FDMA signal.
[0113]WithvdEitaset te s anséleodiihg’siZel fohfer encoded data is generated as the coding rate

decreases. That.is, the lower the codin ate,.the higher i i i i
capacity) el tD?v?sion sectlonggFE of s%tt%%ge slgctg%goalyg gE%IQH(Oéle‘;’Ealégoggctlng

SC-FDMA signal (spectrum) into two clusters of cluster #0 and cluster
#1 as shown in FIG.13A or FIG.13B based on spectrum division
10  information (bere, the number of clusters: 2). Furthermore, mapping
section 213 of setting section 211 maps the two clusters of cluster #0
and cluster #1 to discontinuous frequency resources based on a cluster
spacing indicated in the cluster pattern as shown in FI1G.13A or FIG.13B.
That is, mapping section 213 maps the plurality of clusters to a
15 plurality of discontinuous frequency resources in accordance with a
cluster pattern with a narrower cluster spacing for a smaller coding size
(a smaller number of allocated RBs) set in a signal transmitted by the
terminal.
[0109] Thus, when the coding size is smaller (the number of allocated
20  RBs is smaller), that is, when robustness against IS (allowable ISI) is
lower, the cluster spacing of the C-SC-FDMA signal is narrowed as
with setting method 1-2. Thus, the frequency correlation between
clusters (here, between cluster #0 and cluster #1) becomes higher.
Since a fluctuation of the equalized channel gain at combining points
25 (discontinuous points) of clusters become moderate (that 1is, the
difference in equalized channel gain becomes smaller), IS] with the

C-SC-FDMA signal can be reduced.
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robustness against ISI (allowable 1St) thereby increases.In other words, since the higher the coding
rate, the lower is the coding gain (or error correcting capacity), and robustness against ISI (allowable
ISI) thereby decreases. [0114]Thus, according to the present setting method, setting section 211
divides a signal (SC-FDMA signal) in accordance with a cluster 5 pattern with a smaller number of
clusters (the number of clusters per certain unit bandwidth) for a higher coding rate indicated in an
MCS set that id)det Fuhdsignalrgansined oy thediarminal THat igrsehedther nrodetermines a

cluster pattern indicating a smaller number of clusters for a higher codjng rate indicated in the MCS set
that is set APiiisd StyRal ahshhiteh Bb?ér?ﬁinéﬁ’gﬁé.t@eﬁﬁn@gg’égﬁf)r}%%f%h%/%&% %?%/gc}é a signal

(SC-FDMA signal) ir d > With . With id tersize for;a high di
SRR R IR e et gl codn

rate indicate set e signal tra by the terminal as with allocation

method 1.1 3@} 181Hgeingfigr, thisiyilh berdeseribed more spegificaliy. Heres as shown ithElG. 14, a
case will be described where the coding rate (low, medium, high) is used. Furthermore, suppose the
coding sizé&ragddneguladioreleved (mbdtilation schemee} afk dbed here @1 16]Sctwedeler 442 reduces
the number of clusters (widens the 20 cluster size) for a higher coding rate. To be more specific, as
shown in FI@st4r séheduleb aaondetbomisied B epistel pattefnthatdasehesdneiumserstidusters

(high, medium, low) (or cluster size (narrow, mediumhwiohel)) gcTordir%% o the codi%g rate‘élow,
medium, Hi§IF)°? BELE &BATOD HHERTRPERY SPERUM GSToR IFFATatis URE S8 HEHGency

R P L R e e e i s s
possible to improve the frequency diversity effect and thereby obtain a
10 large coding gain while suppréssing the influence of allowable ISI.
[0111] Thus, according to the present setting method, even when the
terminal maps a plurality of clusters to frequency resources with a
cluster spacing that matches the coding size (or the number of allocated
RBs), it is possible to improve user throughput for each terminal while
15 maintaining the effect of improving system throughput by C-SC-FDMA
{by clustering an SC—FDMA signal) no matter what the coding size is as
with setting method 1-2.
[0112] <Setting method 1-5>
According to the present setting method, setting section 211
20 divides an SC-FDMA signal by the number of clusters (the number of
divisions) according to a coding rate indicated in an MCS set that is set
ina C-SC-FDMA signal.
[0113] With data of the same coding size, longer encoded data is
generated as the coding rate decreases. That is, the Jower the coding
25 rate, the higher is the coding gain {or error correcting capacity), and

robustness against IS] {(allowable 1S]) thereby increases. In other

words, since the higher the coding rate, the lower is the coding gain (or
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determines a cluster pattern (the number of clusters or cluster size) such that the number of clusters
increases, that is, the cluster size per cluster becomes narrower as with setting method 1-3 (FIG.11A).
On the other hand, when the coding rate is high, scheduler 112 determines 5 a cluster pattern (the
number of clusters or cluster size) such that the number of clusters decreases, that is, the cluster size
becomes wider as with setting method 1-3 (FIG. JIB). [0118]Division section 212 of setting section 211
divides aneSCUFDNIASSIGHES (SBE@FURY) infd glabanwtﬁsauéﬁsrﬁésé%Iorﬁ&tH@mf@hLﬁnB%?)of clusters
(or cluster size) indicated in the cluster pattern. That is, division section 212 divides the signal in
accordance Wittt & SIESEEPP&ftern with a smaller number of clusters (or a wider cluster size) for a

maher codipg yaie Indated 11 aMe S setjibal s sel indo sianal diasimited Ay he (erinal

Mapping section’ 21 étting 15 section 211°then maps a plirality of clusters tG discontinuous

frequency resouncas basedsep:fraqUS Ty IPSONIGR dnfermation c[ARInTuSy by redusing ghe number
of clusters of the C-SC-FDMA signal (or widening the cluster size) for a higher coding rate, that is,

smallér robustaessvagainst $&! { Hltowable bS1), ifispossibte (olreducs BOIShWitH theeCsSB+FDMA
signal as with setting method 1-1. [0120] Furthermore, by increasing the number of clusters of the
C-SC-FDMArsighak tharfowidgvisk eludter siZkigben ruvencodity ratal igiied, HightoPlSthess against
LSI (allowable 151) and by performing error correctin decoﬁing ith a low caoding rate as with setting
method 25 -1 is Posifbie! tb iMGroveEhid friédﬂéﬂ’c%t&@e iy BtfectShRtd &lpprediitg e influence

A SRl AL MR ARSI O PSR e O AR S IR B e e

the SC-FDSI&I%«GSlgnaI by the number o c?ugters number of divisions) that matches the coding rate,
itis possihle (o imRreve diser Mroughr Al caghdarainalwhilemaiatairing dbe aftack ofigproving

system throughput by C-SC-FDMA (by clustering an

10 in the signal transmitted by terminal 200. Setting section 211 may
also divide a signal (SC-FDMA signal) in accordance with a cluster
pattern with a wider cluster size for a higher coding rate indicated in
the MCS set that is set in the signal transmitted by the terminal as with
allocation method 1.

15 [0115] Hereinafter, this will be described more specifically. Here, as
shown in FIG.14, a case will be described where the coding rate (low,
medium, high) is used. Furthermore, suppose the coding size and
modulation level (modulation scheme) are fixed here.

{0116] Scheduler 112 reduces the number of clusters (widens the

20 cluster size) for a higher coding rate. To be more specific, as shown
in FI1G.14, scheduler 112 determines a cluster pattern that matches the
number of clusters (high, medium, low)} (or cluster size (narrow,
medium, wide)) according to the coding rate (low, medium, high).
Base station 100 then reports spectrum division information and

25  frequency resource information including the determined cluster pattern
(the number of clusters or cluster size) to terminal 200,

[0117] When, for example, the coding rate is low, scheduler 112
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5SC-FDMA signal) no matter what the coding rate is as with setting method 1-1. [0122]Furthermore,
the present setting method determines the number of clusters (size) according to the coding rate, and
can thereby control 151. Thus, when AMC control is used as with setting method 1-1, the 10 base
station determines the number of clusters (size) according to the coding rate and controls ISI, and can
thereby estimate instantaneous 1St beforehand. For this reason, the base station selects an accurate
MCS set cbrtespomdingetocitisthptan@stas PeddVing yidiey (€. Thasdstanddus SINRY Withethe influence
of instantaneous |SI tzﬁlgen into, account, and 15can thereby rgéjuce theﬁnunlber of retransmissions

caused by tt&Rsiiakibhce B8 BHd firthEtSHEpFoVRSUERP Wirotiyhbit: (0153144 hg HERSH 1-6>
Accordingdp.(1g PrsepL SEIting method setinenseaion ¢1h Tapaa plyrality afalusiers giaking up a

C-SC-FDMA signal to eguency resources with a cluster spacing that matches a coding rate

indicated if,andVIG$ saliiatis sat it the SrSG-FRMASENAL, [QLB41T RIS, BECOEdiehia the present

setting method, setting section 211 maps the signal (SC-FDMA signal) to a plurality of discontinuous
frequéncy xesburtes jratieaardaheemith lzeclustec ipattern 25withiatearsower clustertbpadihg for a
higher coding rate indicated in an -
number of clusters decreases, that is, the cluster size becomes wider as
with setting method 1-3 (FIG.11B).
[0118] Division section 212 of setting section 211 divides an
SC-FDMA signal (spéctrum) into a plurality of clusters based on the
10 number of clusters (or cluster'size) indicated in the cluster pattern.
That is, division section 212 divides the si‘gnal in accordance with a
cluster pattern with a smaller number of clusters (or a wider cluster
size) for a higher coding rate indicated in the MCS set that is set in the
signal transmitted by the terminal. Mapping section 213 of sctting
15 section 211 then maps a plurality of clusters to discontinuous frequency
resources based on frequency resource information.
[0119] Thus, by reducing the number of clusters of the C-SC-FDMA
signal (or widening the cluster size) for a higher coding rate, that is,
smaller robustness against ISI (allowable ISI), it is possible to reduce
20 ISI with the C-SC-FDMA signal as with sefting method 1-1.
f0120] Furthermore, by increasing the number of clusters of the
C-SC-FDMA signal (narrowing the cluster size) for a lower coding rate,
that is, high robustness against ISI (allowable 1ST) and by performing
error correcting decoding with a low coding rate as with setting method
25 1-1, it is possible to improve the frequency diversity effect while
suppressing the influence of allowable ISI.

[0121] Thus, according to the present setting method, even when the
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MCS set that is set in the signal transmitted by the terminal.That is, scheduler 112 determines a
cluster pattern indicating a narrower cluster spacing for a higher coding rate indicated in the MCS set
that is set in the signal transmitted by terminal 200. [0125]Hereinafter, this will be described more
specifically.Here, suppose the number of clusters is 2 as with setting method 1-2. 5 Furthermore, as
with setting method 1-5 (F1G.14), a case will be described as shown in FIG. 15 where the coding rate
(low, meditmiphigh) idiuseéds Firthérthdié) Suppoismthe epdithy siverabhdrmotibtiste tsvél ee fixed
here. [0126]Scheduler 112 narrows the cluster spacing for a higher COdiD? 10 rate. To be more
specific, a8 $RRFA iR FIGVisigepbdiat 112 e imiRes soditter Bafterhfnith BLTdbEshAcing (wide,

medium, narrow) that matﬁhes th, cotdipoqr rate l(llotvv med?hjm high). BasQastation tJﬁ%o E:t??na{eports

spectrum SVEIEH Fn%srﬁ‘lraﬁ%oﬂleggptﬁe HUMBET b SRiRA! 2) g g tEadd & i Sinformation

including the %%s}%fmigggﬁglg?é% PalleT (Alpalerspacingltorprnpinal 2Q0. {9124 Yihen,for example,

the coding rate is low, s uler 112 determines a cluster pattern (cluster spacing) such that the
clustey spaning:peeomes aiger as with setfing mathod 1e4 (F1G. 13Ar On the ather handmhen the
coding rate is high, scheduler 112 determines 20a cluster pattern (cluster spacing) so that the cluster
spacing becethesinkrtower as with setting method 1-4 (FIG.13B). [0128]Division-section 212 of setting

section 211 divides the SC-FDMA signal (spectrum) into a plurality of clusters based on
[0122] Furthermore, the present sefting method 'determines the number

of clusters (size) according to the coding rate, and can thereby control
ISI. Thus, when AMC control is used as with setting method 1-1, the
10  base station determines the number of clusters (size) according to the
coding rate and controls ISI, and can thereby estimate instantaneous IS
beforehand. TFor this reason, the base station selects an accurate MCS
set corresponding to instantaneous receiving quality (e.g. instantaneous
SINR) with the influence of instantancous ISI taken into account, and
15 «can thereby reduce the number of retransmissions caused by
transmission errors and further improve user throughput.
[0123] <Setting method 1-6>
According to the present setting method, setting section 211
maps a plurality of clusters making up a C-SC-FDMA signal to
20 frequency resources with a cluster spacing that matches a coding rate
indicated in an MCS set that is set in the C—SC—FDMA signal.
[0124] That is, according to the present setting method, .setting
section 211 maps the signal (SC-FDMA signal) to a plurality of
discontinuous frequency resources in accordance with a cluster pattern
25  with a narrower cluster spacing for a higher coding rate indicated in an
MCS set that is set in the signal transmitted by the terminal. That is,

scheduler 112 determines a cluster pattern indicating a narrower cluster
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spectrum division information. Furthermore, mapping section 213 of 25 setting section 211 maps the
plurality of clusters to discontinuous frequency resources based on a cluster spacing indicated in the
cluster pattern. That is, mapping section 213 maps the plurality of clusters to a plurality of
discontinuous frequency resources in accordance with a cluster pattern with a narrower cluster
spacing for a higher coding rate set in the signal transmitted by the terminal. [0129]Thus, the cluster
spacing ofsthect: 8 CEDMAiglyemlds dSirgmrateethidies Highir dbdiny Fates ehathis t simaidr iBbustness
against IS! (allowable 1SI), and it is thereby possible to reduce ISI with the C-SC-FDMA signal as with
setting metheds 182 o o smuithednicrd cbiPiiaémAd the spacing of clusters making up the

C-SC_FDm%%nal ﬂe?el?i\{f\'/l tgipdltr?lqsra%\?i% A tﬁi:S,d%rSG%Iﬁ)re%0}{9@%&%\5%&@9&?215lél(%lowable ISI)

and perfo rror correcting decoding at a lower coding rate as with setting metho -53 itis

possible tQ jpprave the-reananey diyersity effsst while syppressing dba influeneaif allquable ISI.
[0131] Thus, according to the present setting method, even when the 15 terminal maps a plurality of
clusteys toHggHeRgRSOWEeS afla Glustar spacinl diatimatctieshielgodingaase, itislpossible to
improve user throughput for each terminal while maintaining the effect of improving system throughput
by C-SC-FIWWA ibydlustesingwin SE-FDMA Signalyro thatterodihag the todihg watans d5with setting
method 1-2. 20 [0132] Furthermore, the present setting method determines a cluster spacing
according #6&he dsditfrhte, BREBSARERDY LBRGSFISReTIES 1AL WilR Settity MEHEW 29" when AMC

control is gsed the bgse%at ti%ré determines a cluster spacing according to the coding rate, controls
ISI, and ¢ ﬁ‘fﬁ%r%‘b@ '&iiale ifstantaneous 151 beforehand. 25 Thus, the base station selects an

accurate NI-5,9t caftgsRANAING 10 INSIANIANEQHS TERAVINOGHAIIY (&8 IRSIRIABEQURIHINR) with the
influence of instantaneous I51 taken into account, and can thereby reduce the number of
retrangmissiens cagsediby tiansmisshe girers and fwsher improve Gses thraughputer 112
determines a cluster pattern with a cluster spacing (wide, medium,
narrow) that matches the coding rate (low, medium, high). Base
station 100 then reports specirum division information (e.g. the number
of clusters: 2) and frequency resource information including the
I5 determined cluster pattern (cluster spacing) to terminal 200,
[0127] When, for example, the coding rate is low, scheduler 112
determines a cluster pattern (cluster spacing) such that the cluster
spacing becomes wider as with setting method 1-4 (FIG.13A). On
the other hand, when the coding rate is high, scheduler 112 determines
20  a cluster pattern (cluster spacing) so that the cluster spacing becomes
narrower as with setting method 1-4 (FIG.13B).
[0128] Division section 212 of setting section 211 divides the
SC-FDMA signai (spectrum) into a plurality of clusters based on
spectrum division information. Furthermore, mapping section 213 of
25  setting section 211 maps the plurality of clusters to discontinuous
frequency resources based on a cluster spacing indicated in the cluster

pattern. That is, mapping section 213 maps the plurality of clusters to
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[0133]Methods of setting a cluster arrangement 1-1 to 1-6 have been described so far. 5[0134]Thus,
according to the present embodiment, the terminal divides the SC-FDMA signal (spectrum) into a
plurality of clusters in accordance with a cluster pattern that matches the MCS set (modulation level,
coding rate) or coding size and maps the plurality of clusters to discontinuous frequency resources.
This allows the terminal to set an 10 arrangement of the plurality of clusters in the frequency domain
according 4ogherdiffeyende disobustness sdampt ¢Sk (allowable (S iper ranstaissiorvpdrameter. Thus,
according to the present embodiment, when dividing the SC-FDMA signal into a plurality of clusters
and mappig 1he’ pREIRS O FE Htér 8 TREON htdUR FrddRdRey ndsh i8heT s5e B8 ilffen using
C-SC-FDMA, it is Poss.iblerﬁrc]) imBrovet%r mia%iorg characieristics for different terminals in which
different trihsAisSISnpaPEAtErS B Set SdifTprove Usar throughput while maintaining the effect of

improving gypiam thraughput. |01 33lipghe pesentembadiment, basesiaian 40Q fpaysefa 20

threshold to determine a cluster pattern. Thus, base’station 100 compares a transmission parameter
(modylatiogklevek &oding rate Qricadingdsize) satdn dgagh terminal éh the ihneshoelds gachean thereby
determine a cluster pattern. Furthermore, each terminal can easily perform division processing on an
SC-FDMAISignall{speatrlen) &bl 25:chappingtprocessing osihle-SC-RRIMAesihkl a ihluthlity of
clusters). Hereinafter, an example where base station 100 sets a threshold and determines a cluster
pattern wilthé deE&tibed EWE@.‘I@M@I@“_@P’IW#@. 16%0 FIG. 19, Bi (HO, 1, ...) is a bandwidth
(cluster s nd shows, for example, aminimum.bandvﬂdt (Srpinimum cluster size)

i lust , _
defined pﬁr%z}gﬁr;:if%{{ %?g’r%?erli’r?” a‘?’éﬁﬁl lsné’para‘fea}b%/cél}ﬁreos aid’ an%rﬁopéglfﬁ%%eﬂeﬁionship
131Bi,. Furfiermotes BiligPa Sk p ) ShOWS 2 maygpem %'Hatﬁ{%srnegeg‘dmmeoh per fransayission

parameter in a range separated by a threshold and holds the relationship [0136]For example, base
statipp 10Q4BaY el threshold s theamodidatieniisvel and therebndetgrminera elustartpagtern. For

example,
decoding at a lower coding rate as with setting method 1-2, it is
possible to improve the frequency diversity effect while suppressing the
influence of allowable 1SI.
[0131] Thus, according to the present setting method, even when the

15 terminal maps a plurality of clusters to frequency resources at a cluster
spacing that matches the coding rate, it is possible to improve user
throughput for each terminal while maintaining the effect of improving
system throughput by C-SC-FDMA (by clustering an SC-FDMA signal)
no matter what the coding rate is as with setting method 1-2.

20 [0132] Furthermore, the present setting method determines a cluster
spacing according to the coding rate, and can thereby control ISI
Thus, as with setting method 1-2, when AMC control is used, the base
station determines a cluster spacing according to fhe coding rate,
controls ISI, and can thereby estimate instantaneous [SI beforehand.

25 Thus, the base station selects an accurate MCS set corresponding to

instantaneous receiving quality (e.g. instantaneous SINR) with the

influence of instantaneous IS] taken into account, and can thereby
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10 as shown in FIG.16A, base station 100 may set a threshold so as to separate between a plurality of
modulation levels by a certain range of modulation level, compare modulation level (A) set in each
terminal with the threshold and determine the number of clusters (X). To be more specific, in FIG. 16A,
base station 100 determines the number of 15 clusters X to be 4 when modulation level (A) is BPSK to
QPSK, determines the number of clusters X to be 3 when modulation level (A) is 8PSK to 16 QAM,
determinesetheasuthisen ofidhesters 1€ toavs 12 iwhiemmodulsgid rblevieR (xS SROANI e 64 @AM and
determines the number of clusters X to be | when modulation level (A) is 128QAM to 256QAM. 20
That is, in PGS A RIEEHENFEEIEP BBERHS is determined for a certain range of modulation level.

[OlB?]Furi}f e, own inimethod 1 in F1G.16B. base station.1Q0 also set a threshold per
modulatio (gvel anﬁ%si%a?\ﬁlgﬁp%g%ﬁﬁﬁnd% t%ec}llﬂgn%rerag%? fers %(} plegrﬁ?ﬂg%na?e%ve%? Ieflé)r example,
as 25 shoyyp.p.methad, 1rin FIG.16B, base station 100 determines the number of clusters whose -
upper limit is the number of clusters X=4 when modulation level (A) is BPSK and determines the
number of{clustels whiese, upperdimtihig the ntinebesefselnsteraXsd whearnt maodulatienieuel (A) is 16
QAM. The same applies to QPSK and 64 QAM as well. This allows setting section 211 of each
terminal tolsetdiee fbmier of B1d4tersisoak (6 preventlBinreatep thanl Allovwdbr L SEperithodulation 5
level from occurring. Furthermore, as shown in method 2 in FIG. 16%@ se st?}ign 100 may also set a

lower limit55 UHBRE fintit 18 the HitHePat @tR e S PaF thsauihfion fevel orBREMIBE %45 shown in

method 2 in FIG.16B, base station 100, determines the numbey of gk i I@i@ﬁlgqggg pJ when
modulatiorhﬁ‘efsgl 663 is e?oghdcgcé g%i%lezgtﬁg%J% er gﬁgl ?t%% Vl\l%l i(r% arange of 1.5,X..c2

when modgiatign dayieh (A) is JuLQAM- Tdisallovs setting spgtions2iieof aachuterminakioanly set the
number of clusters X corresponding to user throughput of a certain value or greater including a

maxiroum y¥alue gsshowninl RiG.3Alan kG380 fFuctherranye, ibaseh statiomy 1@0 dp litits the range of
the number of clusters X per modulation level, and can thereby reduce the number of reporting bits to
report the ateidiof dlostbes KL [01 88 RuUIthepbBrRéD &S SHEwnir IS, 190 Babd SttibnPIY0 may set a
threshold so as to separate between a plurality of modulation leyels for 20 every certain range of

modulatiof VPR 88t AASHR SIEE (1) fBF Svet§ TaRGESH bdiaiBRRTRI. ABERRGHY 18 method 1 in
1S 0, Soyh TN D SR e g R SRR S M o
every rangg Qfping the plurality of clusters to discontinuous frequency bands, that
15 is, even when using C-SC-FDMA, it is possible to improve transmission
characteristics for different terminals in which different transmission
parameters are set and improve user throughput while maintaining the
effect of improving system throughput.
[0135] In the present embodiment, base station 100 may set a
20  threshold to determine a cluster pattern. Thus, base station 100
compares a transmission parameter {modulation level, coding rate or
coding size) set in each terminal with the threshold, and can thereby
determine a cluster pattern. Furthermore, each terminal can easily
perform division processing on an SC-FDMA signal (spectrum) and
25 mapping processing on a C«SC;FDMA signal {a plurality of clusters).

Hereinafter, an example where base station 100 sets a threshold and

determines a cluster pattern will be described using FI1G. 16 to FIG.19.
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25 modulation level. As shown in method 1 in FIG. 1 6C, for BPSK to QPSK which is a range having a
minimum modulation level (that is, when allowable 1SI is maximum), base station 100 may determine
an arbitrary value for cluster size Y.Furthermore, according to method 2 in FIG. 16C as with method 2
in FIG.16B, an upper limit and a lower limit of cluster size Y are set for every range of modulation level.
[0139] Furthermore, when base station 100 calculates cluster sizeéYg)nS using the number of clusters
(X), as shdwnFikdFic. 1607 Basestdliohi T00 rhay -sétid tardampftipat dalvatish 16E) sBEthe number
of clusters X, per modulation level and calcula'le cluster size Y. Heti)e, X . ais a number

=0, 1, 2,.
assigned MeVEFy e ¥ hicduldfion FEERE ﬁaré‘teénw]dn[HPésho?&)dr‘é%?gger{tglfﬁélﬂﬂmber of
lust t 0.¢ [ tiap: | U nare, B dwidth
o SR ADSYED fENgS (el TMAIOD Y BaF MG aIPB ISR A e bR

used for a s, the sum of respective cluster sizes). To be more specific, in

FIG.16D, hagerstation 1004uses dReinembes QbelvpiarsXs sgt per mpgdidatipnlevel(giG=h 2....) to
calculate cluster size Y=13/X" set in the modulation level. 15[0140]Furthermore, as shown in FIG. 16E,

base Statidn 100) malyoalso setma dhiesheold sbuasdo sgparaig bérveenda pleralinaokmosgulation levels
for every certain range of modulation level and set cluster spacing (Z) for every range of modulation
level. In FPGL2BEBAdE StawdrEE00°aetdinthdy cusieeshatthg UpseF sl &g oD maximum
cluster spaging (13.0, B'1, B'2, B'3 shown in FIG.16E) for every range of modulation level. As shown in
FIG.16E, Br 8PSK to QPSK which is a range having a minimum modulation level, base station 100

may set an gyiiary ale for gupter gaaEng,Z (0341 IRreInare, 28 WIREIGHGAD R F, base

station 10 ay set a threshold for a co Ing size and detefrmine a cluster pattern. For example, as

shown in RGdi/ARase stalionh 100w sel a:thigsheld 9 asia spRaEale betweerkeading sizes for
every certain range of coding size, compare coding size (N) set in each terminal with the threshold

and determine hbevaumber af.ddsterd Xy Foaveomor @ 8pecific, intFiG (hiksbabé station 100
determines the number of clusters X to be | when coding size N is 100 bits or less and determines the
number ofseparate between a iplurality of modulation levels by a certain range of
modulation level, c:ompare modulation level (A) set in each terminal
with the threshold and determine the number of clusters (X). To be
more specific, in FIG.16A, base station 100 determines the number of
15 clusters X to be 4 when modulation level (A) is BPSK to QPSK,
determines the number of clusters X to be 3 when modulation level (A)
is 8PSK to 16 QAM, determines the number of clusters X to be 2 when
modulation level (A) is 32QAM to 64 QAM and determines the number
of clusters X to be 1 when modulation level (A} is 128QAM to 256QAM.
20  That is, in FIG.16A, a fixed number of clusters is determined for a
certain range of modulation level.
[0137] Furthermore, as shown in method 1 in FIG.16B, base station
100 may also set a threshold per modulation level and set an upper limit
of the number of clusters X per modulation level. For example, as
25 shown in method 1 in FIG.16B, base station 100 determines the number

of clusters whose upper limit is the number of clusters X=4 when

modulation level (A) is BPSK and determines the number of clusters
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5 clusters X to be 2 when coding size N is 101 bits or more and 500 bits or less. The same applies to a
case where coding size N is 501 bits or more and 1000 bits or less and a case where coding size N is
1001 bits or more. [0142]Furthermore, as shown in FIG. 17B, base station 100 may set 10 cluster size
(YY) for every range of coding size. According to method 1 in FIG. 17B, as with method 1 in FIG.16C,
base station 100 determines one cluster size Y whose lower limit corresponds to a minimum cluster
size (Bo, Bih82; B strowimiit rivettiod duim FiG .7 B) defited ¥or 2 wehye nangedofl sbdingl sivel According
to method 1 in FIG.17B, when coding 15 size N is 1001 bits or more, base station 100 may determine

an arbitrar/Valie bf cldddf sizd YeFarpermiaRl 158 sovidhin Knetistl &4 RisM 785 bi¥&dlstation 100
may set a lgwer limit and upper limit of cluster size Y for every.range of coding size as with.method 2
in FIG. 16C. 26[6{&’.?]7[%%%}%@?\%%83 biagg Statioh” O%eég}lclﬁ E) e?socﬁj%,%egrﬁsmg lﬁ](”;j})uesfrin(g’:;hfthe number
of clusters (X), @5 with £1C:J6[}.RASH sfaiop 100.-may setdle, puipbenclusters ki fas &yery range

of coding size as shown in FIG.17C and calculate cluster size Y. Here, X" (n=0, 1, 2, ..., nis a number

assigred faraverydange af 6qding sigq sepamiae by a s2% hreshold}y repesents e nunmqer of
clusters set for every range (n) of coding size. To be more specific, in FIG.17C, as with FIG.16D, using

the numbeérofeclusters X" 9kt fon evenl sange tofacdding sidéemn+0a dd 2 uppkduster size YhB/Xn set for
the coding size is calculated.As shown in FIG.17C, in a range in which coding size N is 1001 bits or
more, bas@ wiabieh 200 haycdstetnitse anosrblatigariector cligiecsi® Vs [@4aoirthdinore, as

shown in FIG, 17D, base stati 0 may set cluster spacing, (Z) for.every range of coding size. In
017D, BRI T bee Blton 160 Uil op i Ser Sbting WHooB PUET e
CO”QSPO_”Q%&Q%@‘%%H‘ S'Lig}ﬁr 8PN G310, 4310 B 2a B2 sHRWML UL FIER 1 7R) fop §xery range of

coding size. As shown in 10 FI D, for a range In which coding size (N) is 1001 bits or more, base

statipp 10Q ey sedaniaditrary vakiefer cystanspacing ()i 014 8) Fughermots a5 withe fIG.16A to
FIG.16E, base station 100 may set a threshold for a coding rate and determine a cluster pattern. For

example, assholni imFIGvE8A,Hpse statidhABD selshasthadbhelel settbas tegepardté betiveen
coding rates for every certain range of coding rate, compare coding rate (R) set in each terminal with

the thresh8RFANECHBIERRINEtHRIANMEr 6F 8IUSIER €X) O o He Hhere sheERttSRFEdiBA, ase station
100 determines the nurgber of Elusters X to be 4 when coding rate. R l[S /3 or below and determines

the numbet 28 HBLEN K t°he S WRER bdirid Hite"R & Gratibr tASA M/ 4nd 1B BE . The
same will gpply.to,a %%%Wher’zf}%ﬁ?@.@&%‘? R igg8eater fhanl{2.ap0.2/3 o5 beleyyand frpse where

coding rate R Is greater than 2/3.
15 limits the range of the number of clusters X per modulation level, and

can thereby reduce the number of reporting bits to report the number of
clusters X.
[0138] Furthermore, as shown in FIG.16C, base station 100 may set a
threshold so as to separate between a plurality of modulation levels for
20 every certain range of modulation level and set cluster size (Y) for
every range of modulation level. According to method 1 in FIG.16C,
as with method 1 in FIG.16B, base station 100 determines one cluster
size Y whose lower limit co-r_'responds to a minimum cluster size (By, By,
Bz, Bs; shown in method 1 in FIG.16C) defined for every range of
25 modulation level. As shown in method 1 in FIG.16C, for BPSK to
QPSK which is a range having a minimum modulation level (that is,

when allowable ISI is maximum), base station 100 may determine an
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[0146] Furthermore, as shown in FIG.18B, base station 100 may set 25 cluster size (Y) for every range
of coding rate. According to method 1 in F1G.18B as with method 1 in FIG.16C, base station 100
determines one cluster size Y whose lower limit corresponds to a minimum cluster size (BO, B |, B2,
B3 shownmethod 1 in FIG.18B) defined for every range of coding rate. In FIG.18B, when coding rate R
is 1/3 or below, base station 100 may set an arbitrary value for cluster size Y. Furthermore, according
to method 2 'in FE3y18B] s Withahethed 2ire 5¥IG. R6Chanupper mdtaddne lowen &bhio df Zluster size
Y are set for every range of coding rate. [0147]When base station 100 calculates cluster size (Y) using
the numbérofditistérs (%9, #d Yhawat irrI . 18C FAS WifPriem ew praséi gtitici €08 iy et the

number of clusters. X, for every range of coding 10 rate and calculate, cluster size (Y). Here, X, (r=0, 1,
e AT SURIHEA Coetonautan b7 baRE AL S8l B RdH S represents te

number Ofgdﬁ‘%@fs SeLIGLEVRIY /ands, () o £OAING IAlS T P& MO8 SRRCHIG, JRCF1G18G@s with FIG.

16D, cluster size"Y=B/Xr set in the coding rate is calculated using the number of clusters Xr set 15 for

everyyanges of £0diBth im0 fle Risth A SHOWR ishbhzsl 86 FIDG A rEAMYS yhesesosing sate R is 100
bits or less, base station 100 may set an arbitrary value for cluster size Y. [0148] Furthermore, as

shown in FBy18D, babasthtibd pEO maylaldion level, set the number of clusters X,
per modulation level and calculate cluster size Y. Here, X, (a=0, 1, 2,
... a is a number assigned for every range of modulation level
separated by a threshold) represents the number of clusters set for

10 evef’y range (a) of modulation level. Furthermore, B represents a total
bandwidth used for a C-SC-FDMA signal (that is, the sum of respective
cluster sizes). To be more specific, in FIG.16D, base station 1060 uses
the number of clusters X, set per modulation level (a=0, 1, 2,...) to
calculate cluster size Y=B/X, set in the modulation level.

15 [0140] Furthermore, as shown in FIG. 16E, base station 100 may also
set a threshold so as to separate between a plurality of modulation
levels for every certain range of modulation level and set cluster
spacing (Z) for every range of modulation level. In FIG.16E, base
station 100 determines cluster spacing Z whose upper limit is a

20  maximum cluster spacing (B’y, B’y, B’2, B’; shown in FIG.16E) for
every range of modulation level. As shown in FIG.16E, for BPSK to
QPSK which is a range having a minimum modulation level, bése
station 100 may set an arbitrary value for cluster spacing Z.

[0141] Furthermore, as with FIG.16A to FIG.16E, base station 100

25 may set a threshold for a coding size and determine a cluster pattern.
For example, as shown in FIG.17A, base station 100 may set a threshold

so as to separate between coding sizes for every certain range of coding
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set cluster spacing (Z) for every range of coding rate.In F1G.18D, as 20with F1G.16E, base station
100 determines cluster spacing (Z) whose upper limit is a maximum cluster spacing (B'o, B't, 13.2, B.3
shown in FI.G.18D) for every range of coding rate. As shown in FIG.18D, in a range where coding rate
(R) is 1/3 or below, base station 100 may set an arbitrary value for cluster spacing (Z).
25[0149]Furthermore, a case has been described in the present embodiment where base station 100
determinesia elusten patters (the ausmber OF tlgsters: clastertsive oradlustdhspheirgy agkotding to the
modulation level, coding rate or coding size. However, in the present invention, base station 100 may

also deteriite 4GRS BY Bohibirfidg | PRIERy (S irandmidtforlbian@Eréiifoddiation level,
coding ratg. gnd, caling,size), Jioh exampie. RAse Halan 490 A5 2 ARIEIINg Sciustar pattern by
[ [ set.

combining thé 'moddilation level and coding rate, that is, according to an ﬂen, for example,

AMC controliguisesiyhereby.the modulatign: level apdscadingdaieaeinukanaaustesopirolled, base
station 100 can simultaneously control robustness against ISI caused by both the modulation level and

coding 10 ¢cdis.tEoy ekawnpie, 2asvshewr il Bl si9A, Wase beatidri tk00may detenkhiie theinsmber of
clusters (X) for each MCS set expressed by the modulation level and coding rate, determine cluster
size (Y) foredelt MCT et sasnshoviny Nk G198 o8 detdronins eflister Sp&ciNg 673 fdr BAh MICS set as
shown in FIG. 19C. 15[8150 Furthermore, although a case has heen described in FIG.16 to FIG.19

where a cilRQ&F Futtbrhtl GetbimfHebewitioit Gy thi RIKR (B Rerte SNRS iht dcBbtint, the
present in\(/}(?_n}ti%r}énay change the associations in FIG. 16 to FIG. 19 according to a fluctuation of the
S1INR (or average SNR). 20[0151]Furthermore, in the present embodiment when terminal 200

multiplexes phirality ofi Gdanieds {codingunit,cadryerds CHAJB he frequeney degaieas shown in

FIG.20 and transmits the codewords to base station 100, base station 100 may determine a cluster
pattann forc@ashee\A ransmitted &rommitarmipal 20Q.odéne, whxen CWdethitd @\Y 25 #@dkbidate
multiplexed in the frequency domain and transmitted as shown in F1G.20, terminal 200 divides the CW
into a pluratitFéfciubtersathraigh thetdivibidnisedtidn pfévidedsforseatie cWHhdletermines

one cluster size Y whose lower limit corresponds to a minimum cluster
size (Bgp, B, B;, B; shown in method 1 in FIG.17B) defined for every
range of coding size. According to method 1 in FIG.17B, when coding

15 size N is 1001 bits or more, base station 100 may determine an
arbitrary value for cluster size Y. Furthermore, as shown in method 2
in FIG.17B, base station 100 may set a lower limit and upper limit of
cluster size Y for every range of coding size as with method 2 in
FIG.16C.

20 [0143] Furthermore, when base station 100 calculates cluster size (Y)
using the number of clusters (X), as with FIG.16D, base station 100
may set the number of clusters X, for every range of coding size as
shown in FIG.17C and calculate cluster size Y. Here, X, (n=0, 1, 2, ...,
n is a number assigned for every range of coding size separated by é

25 threshold) represents the number of clusters set for every range (n) of
coding size. To be more specific, in FIG.17C, as with FIG.16D, using

the number of clusters X, set for every range of coding size (n=0, 1, 2,
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frequency-multiplexes clusters per CW through the mapping section. [0152] Furthermore, when
different transmission rates are used among a plurality of CWs, terminal 200 may decrease the
number of clusters (widen the cluster size) or narrow the cluster spacing for a CW having a 5 higher
transmission rate and thereby set an arrangement of a plurality of clusters making up the CW in the
frequency domain. For a higher transmission rate, robustness against Ni needs to be increased. Thus,
it is possible o raduter|Siiby intredsihg i nimbéek of edters Gliderihgahkeeliee size) or CWs
with high transmission rates or 10 narrowing the cluster spacing, and increase?gg:}l;tﬁtness against 151
ist

in conseqdBACE THis &ked ft polsibleb&arHer B vE A smididn thisra Y¥oPEach cw
according to the transmission rate and further improve tr iSsi I IS,
throughpu’tnﬁ)ére tettr)reﬁ?ﬁaf%gleornﬂ?rglfgw&ﬁ/t)%%Té%gﬁil%rt %é@r?%%%fl gn&%tg%gé gg‘r}l@gsggshcgr% gd in the
present ergbodiment where base station 100 determines a cluster pattern (the number of clusters,
cluster size or cluster spacing) and reports the cluster pattern to terminal 200. However, in the present
invengon, [pise4gtation A0Q mayriepast ehlydrequertyddasobrce isformatiamtol 20 ternyinst 200 every
time base station 100 communicates with terminal 200 and terminal 200 may determine a cluster
pattern (thel nsirabes if clustet€, Jclfsteesigeyor eluseerospaciddh acedrding 1 trahSnlis&lenasarameters
of a signal transmitted by the terminal. [0154]Furthermore, for example, base station 1@0 may report
25 frequer‘f&ﬂi*espo{f?cé@ﬁrorrlh%ﬁl‘?)nsﬁf’di’éﬁiinb DtrdleRtY) Beh il withHe BuB&s St clusters,
cluster size anéjrc lilst?g s&a&ig toaggn intoaa%:%?t ta zﬁemﬂ?atl 21,0(8) ;il'gibe rgEr,e s;ifcific]g base station
100 (schethffiér 1 26 base station J?Ob% may perf%lrm sé:heguﬁng BRd'ther y Berfotm allbtation

processing;ef allpeating 2 freaueney, band L9 termingl 20Q, showdng @ maimumSENBima;gertain
frequency band (subcarrier). Base station 100 repeatedly performs the above 5 allocation processing
in differen¥frequencgy fiands endgthareby parformsifregueney (@Boukcd alldcation efrailCeSE-FDMA
signal made up of a plurality of clusters. Base station 100 then reports frequency resource information
indicating e freguiiney té@sbures akkdcation et bitaEne-8T-FDVIE sigpad bf tetdinal 200 to terminal
200. Base station 100 10 also performs the above described frequency resource allocatj']?b processing

on termindl® stdr tHaRdFMA 002 THE ENoN Bdd sthfioh 100 fFschddieArbtdtion bt frequency

resources for all terminals lacated in the cell of base statign 100. Furthermolre fer in?{ezr(%o may map
. = ; 81 .
an SC-FDm/%\ys@#alaaggc})F mf;)}t?(i)toer f?e(ﬁ:l?élﬁél 1%3%%@“%&?&%%&%hntﬁeafrcéq%enc;})rgsource

informatiof gepopted M hase station 1PAs This, teuvinat 200 dividesshr SCHRRMA sigeal into a

plurality of clusters in accordance with a cluster pattern corresponding to transmission parameters of a
signaktransmiited dyatha éetrinat endemapscthe plurdlity efelugters-taidiscongeuotisdoeduency 20
resources, and can thereby obtain effects similar to those of the present embodiment.
rate, compare coding rate (R) set in each terminal with the threshold
and determine the number of clusters {X). To be more specific, in
FIG.18A, base station 100 determines the number of clusters X to be 4
when coding rate R is 1/3 or below and determines the number of
20  clusters X to be 3 when coding rate R is greater than 1}3 and 1/2 or
below. The same will apply to a case where coding rate R is greater
than 1/2 and 2/3 or below and a case where coding rate R is greater
than 2/3.
[0146] Furthermore, as shown in FIG.18B, base station 100 may set
25 cluster size (Y) for every range of coding rate. According to method I

in FIG.18B as with method 1 in FIG.16C, base station 100 determines

one cluster size Y whose lower limit corresponds to a minimum cluster
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[0155] (Embodiment 2) The present embodiment will describe a case where MIMO (Multi-Input
Multi-Output) transmission which is one of transmission 25 techniques for realizing high-speed,
large-volume data transmission is used. The MIMO transmission technique can increase throughput
by providing a plurality of antennas for both a base station and a terminal, providing a plurality of
propagation paths (streams) in a space between radio transmission and reception on the same time
and the sanre fidbueRay BsolBcestarispatiatythritipleiind e Y8Spe et dins @ plirality of
different data signal sequences are transmitted using a 5plurality of streamsﬁ.é)l(a%pa/v en a rank
edo

index indi¢af8§ & Egatidl MufiidRxindaBertBr (e ftinseH 8esighsiStsth Meceiving
side) incregses I MIMS Iraggmission. Joe MumbeRelSlapal seueneep (uarpl fhas aan e
allel transmissi

multiplexeda(spear mission) in the space domain increases. 10 That is, when the rank index

increases ptha RupberOf layess intherspace: domain thatneersno be sepataladinsieasas at the base
station which is the receiving side, and therefore 1S1 from a certain layer to a different layer, that is,

151 betwaerdayers inaregses: [01bi] aurdhermore;whern @ charinsk thraugh Whicte esch fayer
15propagates has frequency selectivity, IS1 for each layer is also generated in C-SC-FDMA as
described 4 Embediatent 1LJd188]THerefore, when the rank index increases in a channel having

[0147] When base station 100 calculates cluster size (Y) using the
number of clusters (X), as shown in FIG.18C, as with FIG.16D, base
station 100 may set the number of clusters X, for every range of coding
10 rate and calculate ciustér size (Y). Here, X, (r=0, 1, 2, ..., r is a
number assigned to each range of coding rate separated by a threshold)
represents the number of clusters set for every range (r) of coding rate.
To be more specific, in FIG.18C as with FIG.16D, cluster size Y=B/X;
set in the coding rate is calculated using the number of clusters X, set
15 for every range of coding rate (r=0, 1, 2,...). As shown in FIG.18C,
for a range where coding rate R is 100 bits or less, base station 100
may set an arbitrary value for cluster size Y.
[0148] Furthermore, as shown in FIG.18D, base station 100 may also
set cluster spacing (Z) for every range of coding rate. In FIG.18D, as
20  with FIG.16E, base station 100 determines cluster spacing (Z) whose
upper limit is a maximum cluster spacing (B’p, By, B’2, B’3 shown in
FI1G.18D) for every range of coding rate. As shown in FIG.18D, in a
range where coding rate (R) is 1/3 or below, base station 100 may set
an arbitrary value for cluster spacing (£).
25 [0149] Furthermore, a case has been described in the present
embodiment where base station 100 determines a cluster pattern (the

number of clusters, cluster size or cluster spacing) according to the
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frequency selectivity, this causes ISI between layers that may affect signal separation in the space
domain to increase.To reduce IS! 20 between layers, the terminal preferably reduces I1S1 per layer as
the rank index increases during MIMO transmission as with Embodiment I. Thus, the terminal
according to the present embodiment divides a CW (codeword) which is an SC-FDMA signal into a

plurality of clusters in accordance with a cluster pattern corresponding to the rank index 25during
MIMO trafAfigdiid ehd §11&ps B9l phsr diitiCoP EIGSHE fo e ontiHGoUS FEqdBnEY aBRESIRR!

[0159]Hereginafter, this will be detscribedorazore ?ﬁeqifica%y.&%%_g% shOV\ﬁla ggnfigytrg}ionbof terminal
300 accorti§ t8' Y pPessnt SRS Himent. Féhnial SoB5s B ravitad Wit/ Sntefnas (anténnas 201-1

t0 20L-M) i ransai CYs 3 plrally of hisirsh using M sifeacns. PIRISQIGUerIs, ermina

300 is provided with FDMA processing sections 301-1 to 301-N corresponding in number to rank
index N, madeup of oding section 20zcmodualiorksection, 208s enwiiiplexingiseetion 20800 DFT
section 210 and division section 212. Furthermore, terminal 300 is provided with transmission
proce$sing e1érsections 303-dtto 308-Mworiespondihgrimeunber to ahitéanas 20¢vE ko 204-M, made

up of mapping section 213, LEFT section 214, CP insertion section 215 and radio transmitting section
216. Thus¢tslinmal 300 ishiovidle AP éatthd SeefionV™ P nisle uphdiad difRioR 2RSS 212 and M

mapping sections 213. Furthermore, N and M, 15satisfy,a relatipnshjp of J0161]C-SC-FDMA
processiné‘ﬁgﬂti(?r‘?élg(?f-istou%@lﬁ]285?\}) Eréggsgfﬁéfgllrﬁfaorl o%ﬁ’é%o?%éd?r?g Jsré%ti%)ant %37 Yo division

section ZlﬁlgfumgggH@?{?téuﬁ?t%qire'@,sﬂgggvgtm{‘meqGr(?rtsc{ﬁisssli%pﬂ.ﬁneously control
robustness against ISI caused by both the modulation level and coding

10 rate. For example, as shown in FIG.19A, base station 100 may
determine the number of clusters (X) for each MCS set expressed by the
modulation level and coding rate, determine cluster size (Y) for each
MCS set as shown in FIG.19B or determine cluster spacing (Z) for each
MCS set as shown in FIG.19C.

15 [0150] Furthermore, although a case has been described in F1G.16 to
FIG.19 where a cluster pattern is determined without taking the SINR
(or average SNR) into account, the present invention may change the
associations in FIG.16 to FIG.19 according to a fluctuation of the SINR
{or average SNR).

20  [0151] Furthermore, in the present embodiment when terminal 200
multiplexes a plurality of 6odewords (coding unit, codeword: CW) in
the frequency domain as shown in FIG.20 and transmits the codewords
fo base station 100, base station 100 may determine a cluster pattern for
each CW transmitted from terminal 200. Here, when CW #1 to CW

25  #(M-1) are multiplexed in the frequency domain and transmitted as
shown in FIG.20, terminal 200 divides the CW into a plurality of

clusters through the division section provided for each CW and
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sequences (CW) and thereby generate C-SC-FDMA signals (a plurality 200f clusters). C-SC-FDMA
processing sections 301-1 to 301-N output the C-SC-FDMA signals generated to precoding section
302. [0162]Precoding section 302 receives a precoding matrix (or precoding weight) from control
section 206.Here, precoding information indicating the precoding matrix is reported from a base 25
static) (not shown) to terminal 300. For example, the precoding information may show a number
indicating BcH prEcOdY Hizkek T dledhes! Hedtit @%Wﬂé%%éi&ﬁl&%é%%’dl’ﬁp%&é’d%ﬁg matrix based

on the number indicated in the precoding information. [0163]Precodi tion 302 multiplies th
LS OMA Satalg HEHEE AR S DAA Frorladng Setiohd SO 116 05K B) ieibectve

ot s TSR et e I e e e 0
sections 30314 ¢0 303-M@PRlY size) or narrow the cluster spacing for a CW having a

S  higher transmission rate and thereby set an arrangement of a plurality
of clusters making up the CW in the frequency domain. For a higher
transmission rate, robustness against ISI needs to be increased. Thus,
it is possible to reduce ISI by increasing the number of clusters
(widening the cluster size) for CWs with high transmission rates or

10 narrowing the cluster spacing, and increase robustness against ISI in
consequence. This makes it possible to further improve transmission
characteristies for each CW according to the transmission rate and
further improve transmission rates of all CWs that is, throughput per
terminal (user throughput).

15 [0153] Furthermore, a case has been described in the present
embodiment where base station 100 determines a cluster pattern (the
number of clusters, cluster size or cluster spacing) and reports the
cluster pattern to terminal 200. However, in the present invention,
base station 100 may report only frequency resource information to

20 terminal 200 every time base station 100 communicates with terminal
200 and terminal 200 may determine a cluster pattern (the number of
clusters, cluster size or cluster spacing) according to transmission
parameters of a signal transmitted by the terminal.

[0154] Furthermore, for example, base station 100 may report

25 frequency resource information indicating a frequency band allocated
with the number of clusters, cluster size and cluster spacing taken into

account to terminal 200. To be more specific, base station 100
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processing similar to that of mapping section 213 to radio transmitting section 216 of Embodiment 1 to
the respectively inputted precoded 10 C-SC-FDMA signals and transmit the C-SC-FDMA signals after
the transmission processing to the base station via antennas 201-1 to 201-M. [0165]Here, setting
section 211 divides an SC-FDMA signal of each layer (here, layer #1 to layer #N) into a plurality of
clusters in 15 accordance with a cluster pattern inputted from control section 206, that is, a cluster
pattern coffedpuhding d ArrfEsS setttfaris $8h B aigmardansniebe byline eRAithE&Sding size or

the rank index_ during MIMO transmission and maps the plurality of clusters to dis%ganti uous frequency

resources??()fﬁ%’ﬁ] @H‘iﬁ@téﬂﬁ’er REREC S5 LR Bediter THOYEHONR) 8F tHEHHE StaticH BEcotling to the
present erpqugi%?@errﬁg}ﬁ%n clgsg% ﬁ%ﬁrﬁ oéﬁ\qzsl%FPI_\@ér%qgalf{rg gggp_tgr,m@al

according to an ulation level and coding rate) set in the C-SC-FDMA signal from each

terminal, qadipg sizey.the rank index Ausing MIMO Wansmission Jrafeaaisteripinal dthesease station
reports the determined cluster pattern to each terminal. [0167] Next, methods of setting a cluster

arrangement e tie 2-6 dayc csatting sectidific2 21 ( divisionsectionsd2] 2rahdimepping sdctions 213) of
terminal 300 will be described in detail. [0168]In the foIIowingé)(cj@scriptions, the number of antennas
(the nurfiSercsPe RS IS e sthhediad B 4 Andl Erminal 394 4 sicnaédsaitn WhteHnds 201-1 to

201-4. Furthermgore, syppose the number of .
piural?ty oyeﬁusters. ase station 100 then reports frequency resource

information indicating the frequency resource allocation result of the
C-SC-FDMA signal of terminal 200 to terminal 200. Base station 100
10 also performs the above described frequency resource allocation
processing on terminals other than terminal 200. This allows base
station 100 to schedule allocation of frequency resources for all
terminals located in the cell of base station 100. Furthermore,
terminal 200 may map an SC-FDMA signal according to the frequency
15 band indicated in the frequency resource information reported from
base station 100. Thus, terminal 200 divides the SC-FDMA signal into
a plurality of clusters in accordance with a cluster pattern
corresponding to transmission parameters of a signal transmitted by the
terminal and maps the plurality of clusters to discontinuous frequency
20 resources, and can thereby obtain effects similar to those of the present
embodiment.
[0155] (Embodiment 2)
The present embodiment will describe a case where MIMO
(Multi-Input Multi-Output) transmission which is one of transmission
25  techniques for realizing high-speed, large-volume data transmission is
used. The MIMO transmission technique can increase throughput by

providing a plurality of antennas for both a base station and a terminal,
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CWs simultaneously transmitted by terminal 300 is 2. For simplicity of explanation, of the components
of terminal 300 shown in FIG.21, only DFT section 210, setting section 211 (division section 212 and
mapping section 213), precoding section 302, IFFT section 214 and 10antenna 201 are illustrated as
shown in F1G.23A and FIG.23B, for example. For example, in FIG.23A and F1G.23B, terminal 300 is

provided with four mapping sections 213 and IFFT sections 214 corresponding in number to the
number ofPARTEHHAS oF £ BRGSO RV RIREANIE T KR HOFRADID) dfid TIVRISH QsibnEr12

1500rresp0£iging In numbher to the r?k index g%ﬁ the rzH#k index: 2 in FIG.Z?A, L(he rank index: 4 in

F1G.23B)T Hef2, WHST e AL St CWSE; e ARG

on - time  and. ‘1 ame
. ‘ aneousytransmlttecfrby t&rminal 300 5 smaller than
the rank Indey a0ddbe AmARL! GYs [smaller han e aumBetel seapesShoNS1C. 238
terminal 300 is provided with (the rank 2

indexithe number of CWs) S/P (serial parallel conversion)
sections befween modulation seation 208 and gauliplexing:sesation 209 of sarmieal 360rghawn in
FIG.21. The S/P section converts each serially inputted CW to parallel, divides the converted CWs into
a plurality pfdayéirsy ((@es tapkorsdex/the number of CWSs) layers), whereby a plurality 25 of EWs are
mapped to as many layers as ranks. When the number of CWs, the rank index and the number of
streams akd 1€ sam¥ h&Anhd2300 Hay AppEi BT P cesEiig ahduvALIBhe gt iy ¥5%each cw
and then maptgach CW to ezch.la er. [016812?%“%% r?ethod 2-1> Iq é?e. resent setting method,
e

setting seéﬁén £1 e the SE ﬁ/l/&eé%gna i} aCcordance with efclust 6&%&?’ with a smaller

Snumber Qi plusters. (r g AR FIuSier Sizelfor & pidher rankJpdes duingYIMG trggsnaission. [0170]
Hereinafter, this will be described more specifically. Hére, a case will be described as shown in FIG.22
where theyankndeylwWd (parallel transmission) in the space domain increases.
10 That is, when the rank index increases, the number of layers in the
space domain that needs to be separated increases at the base station
which is the receiving side, and therefore ISI from a certain layer to a
different layer, that is, ISI between layers increases.
[0157] Furthermore, when a channel through which each layer
15 propagates has frequency selectivity, 1SI for each layer is also
generated in C-SC-FDMA as described in Embodiment 1.
[0158] Therefore, when the rank index increases in a channel having
frequency selectivity, this causes ISl between layers that may affect
signal separation in the space domain to increase. To reduce 18I
20  between layers, the terminal preferably reduces ISl per layer as the
rank index increases during MIMO transmission as with Embodiment 1.
Thus, the terminal according to the present embodiment divides a CW
(codeword) which is an SC-FDMA signal into a plurality of clusters in
accordance with a cluster pattern ceorresponding to the rank index
25 during MIMO transmission and maps the plurality of clusters to
discontinuous frequency domains.

[0159] Hereinafter, this will be described more specifically. FIG.2!
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medium, high)) is used. Furthermore, suppose the MCS set (coding 10rate and modulation level) set in
a CW and coding size are fixed. [0171] For a higher rank index, the scheduler of the base station
reduces the number of clusters (widens the cluster size). To be more specific, the scheduler of the
base station determines a cluster pattern that matches the number of clusters (high, medium, low) (or,
cluster 15size (narrow, medium, wide)) according to the rank index (low, medium, high) as shown in
FIG.22. [od7eiDivisiorrsediien 21 2o0f seftintesattion 230 dividesandi CYV itp addordanes With a cluster
pattern with a smaller number of clusters (f?or a wider cluster size) for a higher rank index.To be more

specific, 20"WHMRE Hank inG8R i 8hnallthd TaRkINAER 92 WIEIG M3 A0 tiiidioh S8LEERAME divides
the CW of layer(the pumher.of layers. 2 inE1G.23A) sugh, that the, number of clusters increases
Z?IC aty J I‘:%Z%At, tLla. sm[h? @\ﬁ%er(esiizél)ura(ilwstoit cius{grsi usn!ilgr.q\g

(four clustérs # {0 # at Is, the clus per cluster becomes harrow n the other
hand, when theank index is large (the rank index: 4 in 25 FIG.23B), division section 212 divides the
CW of each layer (the number of layers: 4 in FIG.23A) such that the number of clusters decreases
(two clustgrsi 40 pnd #LinHdEm3B), thatng tthie dusierisize loeddmes widkr. {01Y3] AB Nescribed
above, the higher the rank index, that is, the greater the interference between layers, the lower is the
number ofpdisconsinupusepbintssindd fluttiatid® bf thecaquaiired ¢hamnial gaimiher to rank

index N, made up of coding section 207, modulation section 208,
multiplexing section 209, DFT section 210 and divisioh section 212.
Furthermore, terminal 300 is provided with transmission processing
10 sections 303-1 to 303-M corresponding in number to antennas 201-1 to
201-M, made up of mapping section 213, IFFT section 214, CP
insertion section 215 and radio transmitting section 216. Thus,
terminal 300 is provided with setting section 211 made up of N division
sections 212 and M mapping sections 213. Fufthermore, N and M
15 satisfy a relationship of N<M.
[0161] C-SC-FDMA processing sections 301-1 to 301-N apply
processing similar to that of coding section 207 to division section
212 of Embodiment 1 to their respective inputted transmission bit
sequences (CW) and thereby generate C-SC-FDMA signals (a plurality
20  of clusters). C-SC-FDMA processing sections 301-1 to 301-N output
the C-SC-FDMA signals genecrated to precoding section 302.
[0162] Precoding section 302 receives a precoding matrix (or
precoding weight) from control section 206. Here, precoding
information indicating the precoding matrix is reported from a base
25  station (not shown) to terminal 300. For example, the precoding
information may show a number indicating each precoding matrix and

control section 206 may calculate each precoding matrix based on the
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5combined signal in each layer as in the case of setting method 1-1 of Embodiment 1. That is, since IS
| occurring at combining points (discontinuous points) of clusters can be reduced as the rank index
increases in each layer, ISI per layer can be reduced. That is, since 1ST per layer is reduced as the
rank index increases, it is possible to 10reduce 1ST caused by a certain layer with another layer (1ST
between layers). [0174]Thus, the present setting method reduces ISI per layer, and can thereby
reduce IShiveaheeri wikfepdrtldyets capir tetatard theagt 8thtion which is the receiving side can

improve transmission 15characteristics of each terminal without deterigrati ignal separation
capacity i tHE $pace’ dGHRITEVETWARA the fernMinbi diViads Ehg S%%éﬁf% iYg‘&ﬁd?gﬁésnumber of

clusers (e pumber g glvisone) cpSSaROTNG IR ek MIVO Yausiisgion,

present setting method can improve user th r each terminal while 20 maintaining the effect

of improvipgsystemd B psghpit Pyl S GEPMA Race@tier whatithe rank indexds.tas witthsetting
method 1-1 of Embodiment 1. [0175] <Setting method 2-2> According to the present setting method,

setting segtier @14d 25 s BIpMrality ighclUsters ta fregueincsi sesoproes #s accordaricensith a cluster
pattern with a narrower cluster spacing for a higher rank index during MIMO transmission.
[0176]Herdivaftetanid dilvbe taesatied i@ specifically.Here, a case will be described as shown in

FIG.24 where the rank index (low, : .
{0164? Transmczsg\llon processing sections 303-1 to 303-M apply

processing similar to that of mapping section 213 to radio transmitting
section 216 of Embodiment 1 to the respectively inputted precoded

10 C-SC-FDMA signals and transmit the C-SC-FDMA signals after the
transmission processing to the base station via antennas 201-1 to
201-M.

[0165] Here, setting section 211 divides an SC-FDMA signal of each
layer (here, layer #1 to layer #N) into a plurality of clusters in

15 accordance with a cluster pattern inputted from control section 206,
that is, a cluster pattern corresponding to an MCS set that is set in a
signal transmitted by the terminal, coding size or the rank index during
MIMO transmission and maps the plurality of clusters to discontinuous
frequency resources.

20 [0166] On the other hand, a scheduler (not shown) of the base station
according to the present embodiment determines a cluster pattern of a
C-SC-FDMA signal from each terminal according to an MCS set
(modulation level and coding rate) set in the C-SC-FDMA signal from
each terminal, coding size or the rank index during MIMO transmission

25 of each terminal. The base station reports the determined cluster
pattern to each terminal.

[0167] Next, methods of setting a cluster arrangement 2-1 to 2-6 by
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medium, high)) is used.Furthermore, as shown in FIG.25A and FIG.25B, suppose the number of
clusters of a C-SC-FDMA signal is 2. 5Furthermore, suppose the MCS set (coding rate and modulation
level) set in a CW and coding size are fixed. [0177]The scheduler of the base station narrows the
cluster spacing for a higher rank index. To be more specific, as shown in FIG.24, the base station
determines a cluster pattern with a, cluster spacing (wide, 10medium,, narrow)L accordjng to the rank
index (lows PhEdBMERighY. o7 SrMESHHY SeH6n 273 o 2B tibh 219 Haps’d B%u?aﬁity of
clusters mtakin(_Lu z?@glwm pged to egu;bhe!@{%r é%ta Hlurality of discontinuous frequency resources in

eIy neﬂ 1 ¢ descri . ; .
accordance with & cluster pattern With & harrower cluster spacing for a higher rank index. To be more

15 Specififf@meﬁ the, ramle inglept dsyamall {the Fapk index: B dn i 394).onappied seetipn 213 maps a
plurality of clusters mapped to each layer (the number of layers: 2 in F1G.25A) to frequency resources
so that thexgldier spaGing:hecomas widemeh the bther hant, twhaiihe Gk indexis/large (the rank
index: 4 in FIG.25B), mapping section 213 20 maps a plurality of clusters mapped to each layer (the
numbr ofdykrsid ¢m 6. 2894)-fo freqlBhes resBurtbs o eiat tiie Riuster SpaciHgpbeednids narrower.
[0179]Thus, the higher the rank index, that is, the greater the interference between layers, the higher is

the frequeficy torrBIEfiti s8H&Me bt ASHUARE 8P CIFSRdHariRg U Aws HahsHERRY fidach layer as
with setting ethqg 1-2 of Em?ogliment 1.ltis po siblp {9 make @%ugﬂgr@v %f tpne %@%(?d channel

gain at com infir n?nagllf))or}htso ¢ romponents ot teriia
only DFT section 210, setting section 211 (division section 212 and
mapping section 213), precoding section 302, IFFT section 214 and
10 antenna 201 are illustrated as shown in FIG.23A and FIG.23B, for
example. For example, in FIG.23A and FIG.23B, terminal 300 is
provided with four mapping sections 213 and IFFT sections 214
corresponding in number to the number of antennas of 4 and is also
provided with DFT sections 210 and division sections 212
15 corresponding in number to the rank index (e.g. the rank index: 2 in
FIG.23A, the rank index: 4 in FIG.23B). Here, when the number of
CWs simultaneously transmitted by terminal 300 is smaller than the
rank index and the number of CWs is smaller than the number of
streams as shown in FIG.23B, terminal 300 is provided with (the rank
20 index/the number of CWs) S/P (serial parallel conversion) sections
between modulation section 208 and multiplexing section 209 of
terminal 300 shown in FIG.21. The S/P section converts each serially
inputted CW to parallel, divides the converted CWs into a plurality of
layers {{the rank index/the number of CWs) layers), whereby a plurality
25 of CWs are mapped to as many layers as ranks. When the number of

CWs, the rank index and the number of streams are the same, terminal

300 may apply DFT processing and division processing to each CW and
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(discontinuous points) of a plurality of clusters more moderate for a higher rank index in each layer
(that is, difference in equalized channel gain can be reduced), and thereby reduce ISI per layer. That
is, as with setting method 2-1, LSI per layer is reduced for a higher rank 5index and it is thereby
possible to reduce LSI (LS| between layers) caused by a certain layer with different layers.
[0180]According to the present setting method as with setting method 2-1, the base station which is
the receividiy Bideddahmibrove trausdialsdibricdharacteristics of each terminal without deteriorating 10
signal separation capacity.in the spac éio ain. Thus, according to the present setting method, even
when the terhiinal m%%gtg’“ﬁ%rg‘lﬁ@d‘fcﬁl sters to frequency resources at a cluster spacing in

accordance with the rank IBAR AYr0a MIN O ARIRISIeN 1l i BosHBle. 29 Wil srIliga ethod 2-1, to

improve user throughput in each terminal while 15maintaining the effect of improving system
throughpug by £p3EAFRNA 0 imalies whirtibe ramkningex iss {01 81d&eHing methogma3rer

According to the present setting method, setting section 211 uses the same cluster pattern (the
numkier ofiglusters, efusterssizes of @ustew20spacing) for G (SC-RDMiX Bignal)mkappee to different
layers during MIMO transmission. [0182]Hereinafter, this will be described more specifically.Here,
suppose tHa ik Mdd%Gs 2 apsBhowWATR FIG.26A, of two CWs (CW #1 and CW #2), CW #1 is

mapped tcf(l)ai)e’e(g}#o la—llrltclj‘ecz:g\a/i t%;,s %‘%??pg?ﬁ%%ﬂggseéﬁ%éd more specifically. Here, a
case will be described as shown in FIG.22 where the rank index (low,
medium, high)) is used. Furthermore, suppose the MCS set {coding

10 rate and modulation level) set in a CW and coding size are fixed.
[01711 For a higher rank index, the scheduler of the base station
reduces the number of c}.usters (widens the cluster size). To be more
specific, the scheduler of the base station determines a cluster pattern
that matches the number of clusters (high, medium, low) (or, cluster
15 size (narrow, medium, wide)) according to the rank index (low, medium,
high) as shown in FIG.22.
[0172] Division section 212 of setting section 211 divides the CW in
accordance with a cluster pattern with a smaller number of clusters {or
a wider cluster size) for a higher rank index. To be more specific,
20  when the rank index is small (the rank index: 2 in FI1G.23A), division
section 212 divides the CW of each layer (the number of layers: 2 in
F1G.23A) such that the number of clusters increases (four clusters #0 to
#3 in FIG.23A), that is, the cluster size per cluster becomes narrower.
On the other hand, when the rank index is large (the rank index: 4 in
25 FIG.23B), division section 212 divides the CW of each layer (the
number of layers: .4 in FIG.23A) such that the number of clusters

decreases {two clusters #0 and #1 in FIG.23B), that is, the cluster size
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[0183] The scheduler of the base station determines the same cluster pattern for CWs (CW #1 and
CW #2 shown in FIG.26A) mapped to different layers (layer #0 and layer #1 shown in FIG.26A) in
terminal 300. [0184]Division section 212 of setting section 211 divides CWs mapped to different layers
by the same number of clusters (or the same 5 cluster size) to generate a plurality of clusters
according to the cluster pattern (the number of clusters or cluster size) reported from the base station.
For examplecdivisioivéeéetion 212 divides both CW #1 mapped to layer #0 and CW #2 mapped to layer

#1 into four clusters #0 to #3 as shown in F1G,26B..10[0185] Furthermore, mapping sectjon 213 of
setting se¢fidr 311 ML EWE PEPIFRRY B 5I{ﬁ|§t3}§g§i9fdé By divisidn $&&tio ﬂZﬁsme{%ﬁed to the

different layeI. . "eavenie fespuees IR Ibe,Same GlLstet SPRANG:n goeRidanas WP g cluster

pattern (cltister spacing) reported from the base station. For example, mapping section 213 maps 15

clusters #Q 163 of Wi LypapRerhtq layes o ainth cisstars #Qda3«f W #enappgd todayer #1 to

the same frequency resources with the same cluster spacing as shown in FIG.26B. [0186]Thus,
accorfling ¢o tineipraberitsetting methiod aterminal i300huses the shmet dustenpéaltedn forll GW's
(SC-FDMA signal) mapped to 20 different layers, which causes statistical characteristics of ISl in the
frequency Bevhaitite Beicome substantiadlytHecsamhd bet@ee iaperd TR QiBamPaMithe same

orevents i GSEAEHEE 0t 127 BuiledH IR toherdsy & Taydr Ay Tioh 151 SETReHEIEE with a
layer having smalds!; P187IAcrardina o e prezsat seling rgihad dhe bass 13lonseap.
IST per layer is reduced as the rank index increases, it is possible to
10 reduce ISI caused by a certain layer with another layer (ISI between
layers).
[0174] Thus, the present setting method reduces ISI per layer, and can
thereby reduce ISI between different layers, and therefore the base
station which is the receiving side can improve transmission
15 characteristics of each terminal without deteriorating signal separation
capacity in the space domain. Even when the terminal divides the
SC-FDMA signal by the number of clusters (the number of divisions)
corresponding to the rank index during MIMO transmission, the present
setting method can improve user throughput for each terminal while
20 maintaining the effect of improving system throughput by C-SC-FDMA
no matter what the rank index is, as with setting method 1-1 of
Embodiment 1.
[0175] <Setting method 2-2>
According to the present setting method, setting section 211
25 maps a plurality of clusters to frequency resources in accordance with a
cluster pattern with a narrower cluster spacing for a higher rank index

during MIMO transmission.
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further improve transmission characteristics when a signal separation technique such as PIC (Parallel
Interference Canceller) is used whereby signal separation capacity in the space domain is improved as
the difference in receiving quality between layers decreases. According to the present setting method,
the statistical characteristics of ISI become 5 substantially the same between layers, which reduces
the probability that layers in which receivina guality considerably deteriorates will occur. The base

station cahlhpfdve Bragige fedeptin chidlabrerkirersh afl 18R §A6IhERYY Yurthdfifpfove error
rate (block error rate) characteristics of CWs. 10[0188] <Setting method 2-4> . . According to the
present settiig ﬁ’fék 0 s ?t?ﬁé@g ion ]fﬁvslés[fhgigh%? cmngférepg rh?ise Wi eﬁgf‘%lusters,
cluster sizg, op plyster;Spapna) foran $C-FRMAsigRalp the same GWsimapned e diffgrent layers

during MIMO transmission. 15[0189]Hereinafter, this will be described more specifically.Here, suppose

the rank indes. 558 Asushovwt Nt G.2itd.cof BIocGWE(CW A4 andsCW ) £Wi#i 48 mapped to two
layers of layer 40 and layer 41, and CW #2 is mapped to two layers of layer 42 and layer 43. [0190]
The sthedilet b theobases stagioned ebermir(es thetsaoel ohgsten 20 padterrofdn the SCRDMA signal in
the same CW mapped to different layers (layers 40 to 43 shown in FIG.27A) in terminal 300. To be
more spedifit, ithé ehEdér sretdiiéswiid difediuster pattern for CW mapped to layer #0 and layer

41 shown i 27A and determjnes the same cluster pattern for CW2 mapped to layer. 42 and layer
43 ahonn il bk SOR. RS HEINmBh Lot o1 o1 SRaher Bt P Thsdks e S DA
signal in the samg GW mapred o differant layers Ry the. spme numiaeyoh clysiers (05 the same

cluster size) in accordance with a cluster pattern (the number of clusters or cluster size) reported from
the base sialiens a1 &xamples:mlivision seetior 2 b4 ofsatting:rectionud 1drdividesiGW #idwapped to

layer #0 and layer #1 as shown in FIG.27B

10 medium, narrow) according to the rank index (low, medium, high).
[0178] Mapping section 213 of setting section 211 maps a plurality of
clusters making up a CW mapped to each layer to a plurality of
discontinuous frequency resources in accordance with a cluster pattern
with a narrower cluster spacing for a higher rank index. To be more

15 specific, when the rank index is small (the rank index: 2 in FIG.254A),
mapping section 213 maps a plurality of clusters mapped to each layer
(the number of layers: 2 in FIG.25A) to frequency resources so that the
cluster spacing becomes wider. On the other hand, when the rank
index is large (the rank index: 4 in FIG.25B), mapping section 213

20  maps a plurality of clusters mapped to each layer (the number of layers:
4 in FIG.25A) to frequency resources so that the cluster spacing
bécomes narrower.
(01791 Thus, the higher the rank index, that is, the greater the
interference between layers, the higher is the frequency correlation

25 between a plurality of clusters making up CWs transmitted in each
layer as with setting method 1-2 of Embodiment 1. It is possible to

make a fluctuation of the equalized channel gain at combining points
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5into two clusters (cluster #0, cluster #1) in each layer.Likewise, division section 212 divides CW #2
mapped to layer #2 and layer #3 as shown in F1G.27B into four clusters (clusters #0 to #3) in each
layer. [0192] Furthermore, mapping section 213 of setting section 211 maps the SC-FDMA signal in
the same CWs mapped to different layers to 10frequency resources with the same cluster spacing in
accordance with a cluster pattern (cluster spacing) reported from the base station.For example,
mapping dedtien 2tis wealss Bleitéss #0 ahdPhared Cyw ¢ miapsetstanayér Brdsdasyefe as shown in

FIG.27B to the same frequency resources with the same cluster spacing. Likewise, mapping 15
section 21% AlHps A0St % 3HC\RY#S }rzﬁtgﬁﬁe‘(ﬁ ’t(%iélgg’f?ﬁcgnldll 4 ?gge S%H;%VIE;]IPFA FIG.27B to
the same freguency reso S.with t ter SRa¢! 1T, ccarding 1o the present
setting me%ggé, (t%r%iﬁgl g%%%cglég’s Hﬂ?é&;e{lﬂn%%ﬁstgr pattéér;%%g]{%é S%%%§V1igs%nlagl)’ir? %he same
CW 20mappes! toediffebent ayrra and therabyeauses statisticad goatacteristics pf k8t in ihe frequency
domain to be substantially the same between layers for the same CW.That is, substantially the same
IS| ockursiimddifferant layers tohwhidhytheosantd C\Woistedpped Bhal iy lintdifferesn  lkayersito which the
same CW is mapped, the magnitude of IS1 generated 25per layer and ISI between layers are
substantiafi§thedsame: TRU ithe anahitiide G ST HRESAI Biniform in the same CW.

[0180] According to the present setting method as with setting method
2-1, the base station which is the receiving side can improve
transmission characteristics of each terminal without deteriorating
10  signal separation capacity in the space domain. Thus, according to the
present setting method, even when the terminal maps a plurality of
clusters to frequency resources at a cluster spacing in accordance with
the rank index during MIMO transmission, it is possible, as with setting
method 2-1, to improve user throughput in each terminal while
15 maintaining the effect of improving system throughput by C-SC-FDMA
no matter what the rank index is. |
[0181] <Setting method 2-3> -
According to the present setting method, setting section 211 uses
the same cluster pattern (the number of clusters, cluster size or cluster
20 spacing) for CWs (SC-FDMA signal) mapped to different layers during
MIMO transmission.
[0182] Hereinafter, this will be described more specifically. Here,
suppose the rank index is 2. As shown in FIG.206A, of two CWs (CW
#1 and CW #2), CW #1 is mapped to layer #0 and CW #2 is mapped to
25 layer #1.
[0183] The scheduler of the base station determines the same cluster

pattern for CWs (CW #1 and CW #2 shown in FIG.26A) mapped to
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[0194]According to the present setting method, since the difference in receiving quality between
layers can be reduced for the same CVV, it is possible to improve coding gains for coding and improve
reception characteristics. That is, according to the present setting method, it is possible to make the
distribution of 1SI received by each bit (or each 5 symbol) in the same CW substantially uniform, that
is, suppress the distribution of LLR (Log Likelihood Ratio) per bit (or symbol) in. CW to a small level.
This makei i pER8Iolé ¥ i groveteddptidn cHarstésieomsPe eV 2 o5 $8tiHg Method 2-5>
10Accord|i\%%&o the present setting method, of CWs (SC-FDMA signal) mapped to different layers
during Ml transmission, setting section 211 decreases the number of clusters (or widens the cluster

size) for Qs PC-FPIVA signal) bavigg ahigherdransmissiondals, (MGS setli 1RI0d9elereinafter,

this will be described more specifically.Here, terminal 300 applies coding processing and modulation
processingmtopeWs tesingreiferant e setstiar herrespesiive:CYs; lpetfermsdinkiadaptation in the
space domain, and thereby transmit a plurality of CWs having different transmission rates in parallel in
the space damiain.s20cForcexamplata capéras Bhpwif inlBIG 28 witicoe diegtribethwhdneséetransmission

rate (MCS set) (low, medium, high) is used. A high MCS set (coding rate: high, modulation level: high)
is set in CIN BETNd ' ol DS Bt COMiBIF Fate I MBELIARBN TERIT I6) 1548t IR ERAES shown in

FIG.29. Furthermore, CW #1 is mapped,to layer #0 and CW 2 Is mapped tq,layer#1.,[0197]Of a
plurality of mg?ﬁapp‘eﬂrto %)i(f?élrlé?nﬁé?ayglr‘s’r lg%/%l}rasnes%r}ﬁﬁgd ﬁérrﬁﬁsﬁﬁéﬁggo,q%ﬁ%hscﬁeafulé%?of the base

station defermings @ qiusiar Patiern heving 2 smalielnumper of glusters (widerslisiersize) for CWs
having a higher transmission rate (MCS set). To be more specific, as shown in FIG.28, the base
station detgrminas aledugten pattepthat. matches the number of clusters (high, medium, low)
10 [0185] Furthermore, mapping section 213 of setting section 211 maps
CWs (a plurality of clusters divided by division section 212) mapped to
the different layers to frequency resources with the same cluster
spacing in accordance with a cluster pattern (cluster spacing) reported
from the base station. For example, mapping section 213 maps
[5  clusters #0 to #3 of CW #1 mapped to layer #0 and clusters #0 to #3 of
CW #2 mapped to layer #1 to the same frequency resources with the
same cluster spacing as shown in FIG.26B.
[0186] Thus, according to the present setting method, terminal 300
uses the same cluster patiern for CWs (SC-FDMA signal) mapped to
20 different layers, which causes statistical characteristics of ISl in the
frequency domain to become substantially the same betﬁveen layers.
That is, substantially the same ISI occurs between different layers.
This reduces the distribution of ISI power between layers and prevents
the occurrence of IST between layers whereby a layer having high ISI
25 interferes with a layer having small ISI.
| [0187] According to the present setfing method, the base station can

further improve transmission characteristics when a signal separation

65



5 (or cluster size (narrow, medium, wide)) according to the MCS set (low, medium, high). [0198]Of the
plurality of CWs mapped to different layers, setting section 211 decreases the number of clusters
(widens the cluster size) for CWs of a higher MCS set. To be more specific, setting section 211 10
decreases the number of clusters for CW #1 having a higher MCS set as shown in FIG.29 (two
clusters #0 and #1 in FIG.29), that is, widens the cluster size per cluster. On the other hand, setting
section 21 fttEeS HIrMBEF of il i evicasnenihg AusierMe set Whqrshclusters #0

to #3 15cluster. [0199] FIG.29), that is narrrlov%/ﬁ the cluster size per .that is, CWs more ﬂusceptible to
n

the influer%g%?]lsff@ '%tﬁ%inaﬁg\?fé}rfglldwab eelégictﬁe%{ﬂ%%é} 0 Sdiéglof?]‘ilon‘ﬁ%%sapoi Sin a

fluctuationioffbe.gaualized chanpsl qai_glﬂffw&miyﬁqml d0degigases a3 it setting method
1-1 of Embodiment 1. It is thereby possible to reduce ISI occurring at combining points (discontinuous
points) in applusalit 0t dustarg fordENdsl hayiag a: higher transmission sates(MC Esgehecome
5  substantially the same between layers, which reduces the probability
that layers in which receiving quality considerably deteriorates will
occur. The baée station can improve average reception characteristics
of all layers and thereby further improve error rate (block error rate)
characteristics of CWs.
10 [0188] <Setting method 2-4>
According to the present setting method, setting section 211 uses
the same cluster pattern (the number of clusters, cluster size or cluster
spacing) for an SC-FDMA signal in the same CWs mapped to different
tayers during MIMO transmission.
15 {0189] Hereinafter, this will be described more specifically. Here,
suppose the rank index is 4. As shown in FIG.27A, of two CWs (CW
#1 and CW #2), CW #1 is mapped to two layers of layer #0 and layer #1,
and CW #2 is mapped to two layers of layer #2 and layer #3.
[0190] The scheduler of the base station determines the same cluster
20 pattern for the SC-FDMA signal in the same CW mapped to different
layers (layers #0 to #3 shown in FIG.27A) in terminal 300. To be more
specific, the scheduler determines the same cluster pattern for CWI1
mapped to layer #0 and layer #1 shown in FIG.27A and determines the
same cluster pattern for CW2 mapped to layer #2 and layer #3 shown in
25 FIG27A.
[01911 Division section 212 of setting section 211 divides the

SC-FDMA signal in the same CW mapped to different layers by the
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[0200]Furthermore, setting section 211 increases the number of 25 clusters (narrows the cluster size)
for CWs having a lower transmission rate (MCS set), that is, CWs less susceptible to the influence of
ISI (CWs having greater allowable ISO. This increases the number of discontinuous points in a
fluctuation of the equalized channel gain in a combined signal as with setting method 1-1 of
Embodiment 1 in the base station, but since robustness against ISl is high, it is possible to improve the
frequency divEFsity BifeEr i thESHERYd OF AN6wHBIe 151U 1690 £ ThU M pPadeRtEettiig Method sets

the number of elusters {dusigr sizel for Cue.pf different Uansmission rates (MG gefs). and can
thereby imcdluovée’fh%udcﬁf)lu peer . Thatis, overall throunguet (user hroﬁg pu)otoa pfurality of CWs

can be impraved @3 1 0CoRSequanse1 0282 <Pelling QRO 265t sett HGCULIRLIP the present
setting method, of CWs (SC-FDMA signal) mapped to different layers during MIMO transmission,

setting sectien sl Oarons @ shstar spating for:CWsd SG@RPMA signal)dhbhaising BChijher
transmission rate (MCS set). [0203] Hereinafter, this will be described more specifically.Here, as with
settinf) methtd 2359 terhnisfair300efoemsiihk abizgsetiohlin the ssade depvdin usihkediffégent MCS
sets for respective CWSs. A case will be described as an example where a transmission rate (MCS set)
20 (low, mEdEFHORigKY s Used AsEHAASEAIGBb MR etntord 258 Witk Sdttintf¥fdttiot 285, a high
MCS set (coding rate: hi adulatjon level: high) is,set in CW.#1 s nin F1G,31 and a low MCS
set (codiné }%%@%?F#dgd% a 1L\Jigvgfe(?f:ulg)v(\:/ IS tsegftsi %Wt#fis urtﬁgrr%%)\rlé,ncwc li%yr(rillaipped to layer

iof
#0 and CWﬁ%?}maﬁ)ﬁ)ﬁ%Qmore, mapping section 213 of setting section 211 maps
the SC-FDMA signal in the same CWs mapped to different layers to
10 frequency resources with the same cluster spacing in accordance with a
cluster pattern (cluster spacing) reported from the base station. For
example, mapping section 213 maps clusters #0 and #1 of CW #I
mapped to layer #0 and layer #1 as shown in FIG.27B to the same
frequency resources with the same cluster spacing.. Likewise, mapping
15  section 213 maps clusters #0 to .#3 of CW #2 mapped to layer #2 and
layer #3 as shown in FIG.Z'?B to fhe same frequency resources with the
same cluster spacing.
[0193] Thus, according to the present setting method, terminal 300
uses the same cluster pattern for the SC-FDMA signal in the same CW
20  mapped to different layers and thereby causes statistical characteristics
of IST in the frequency domain to be substantially the same between
layers for the same CW. That is, substantially the same IS] occurs in
different layers to which the same CW is mapped. That is, in different
~1ayers to which the same CW is mapped, the magnif,ude of IS1 generated
25 per layer and ISI between layers are substantially the same. Thus, the
magnitude of ISI becomes uniform in the same CW.

[0194] According to the present setting method, since the difference
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25layer #1. [0204]0f a plurality of CWs mapped to different layers and transmitted by terminal 300, the
scheduler of the base station determines a cluster pattern with a narrower cluster spacing for CWs
having a higher transmission rate (MCS set). To be more specific, as shown in F1G.30, the base
station determines a cluster pattern with a cluster spacing (wide, medium, narrow) according to the
MCS set (low, 5medium, high). [0205] Of the plurality of CWs mapped to different layers, setting
section 211 HFEWS! te BRAKEYSPAETHEorENss hadRPS HighBF RACK S &6 ﬁ@?né‘é\fsaéciﬁc,
setting section 211b arrows the cluster a?acinﬁq for C%N #1 hE%\gng a t('ligl}er N{I}C‘:/S _?%t as shown in
F1G.31. i ¥ {he ?hé? hah fos‘éftir?é) SetloR V1T widens the &Idstér Isf‘:f)ia?éing(itor é\?\P#fﬁaving a
lower MCS;set, [0208), Thus, o, s having.a highes trRpsprission rate (MC S setl thatiissfor CWs

more susceptible to the influence of ISI (CVVs having lower allowable ISI), the frequency correlation
among a plukality ef dSclusters making tip a4 is finrseaseseas suith setting nbthodrl«k ok
Embodiment I. This makes it possible to make more moderate a fluctuation of the equalized channel
gain &t combirtrng paints l{discontnows poinisy ofia Bluralityfof clustémt fas CWiphraivisy thkigher
transmission rate (MCS set (éhat is, the difference in equalized 20channel gain can be reduced), and
thereby reditidsitstiira (‘?\ﬁ/%-[ FotlogthdkRbraoediRgisedibrr 2 it iitleris thE eldistBr Spicing for

CWs havirgg aalower tizfmﬁmis%ion raé% MCS ﬁ%t%, that is, for (L\éVs less suscevptible to tqle influence of
i | ) t a

ISI (CWs having 5%3 er afidWwable Al{ﬁ%ug tﬁits rﬁgﬁélsb e fﬁ?ctdg%i%oofe thé'f(:-:-cqe’d0 178d channel

gainat  .paracteristics for each CW.
[0195] <Setting method 2-5>
10 According to the present setting method, of CWs (SC-IFDMA

signal) mapped to different layers during MIMO transmission, setting
section 211 decreases the number of clusters (or widens the cluster
size) for CWs (SC-FDMA signal) having a higher transmission rate
(MCS set).

15 [0196] Hereinafter, this will be described more specifically. Here,
terminal 300 applies coding processing and modulation processing to
CWs using different MCS sets for the respective CWs, performs link
adaptation in the space domain, and thereby transmit a plurality of CWs
having different transmission rates in parallel in the space domain.

20 For example, a case as shown in FIG.28 will be described where a
transmission rate (MCS set) (low, medium, high) is used. A high MCS
set (coding rate: high, modulation level: high) is set in CW #1 and a
low MCS set (coding rate: low, modulation level: low) is set in CW #2
shown in FIG.29. Furthermore, CW #1 is mapped to layer #0 and CW

25 #2 is mapped to layer #1.

[0197] Of a plurality of CWs mapped to different layers and

transmitted by terminal 300, the scheduler of the base station
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25 combining points (discontinuous points) of the combined signal more abrupt (that is, the difference
in equalized channel gain increases) as with setting method 1-2 of Embodiment 1, the base station
can improve the frequency diversity effect in the range of allowable ISI because robustness against
ISl is sufficiently high. [0208]Thus, the present setting method sets the cluster spacing according to

CWs having different transmission rates (MCS sets), and 5 can thereby improve throughput per CW
as with seftiigidhet 2-51 AT i85t 18TH084ib18 oanipebkesviialRRFobIfIUStGERr (tAdSghput) of a

plurality of CWs as a cznfseq qehLOZOQI%'] (;S%ttblng metthods 2-110 2-6 pa\@r/fggnsg cribgd so far.

[0210] Thﬁs?lﬁﬂtglbrse%g t éhbodithent ¢a Hifi etfects SMifAf o Tothoge mbGdiment 1 even when

MIMO transmissieg is seds {0214149 shespresant gmRodimery.the basgsation Jpax o set a

threshold of the rank index to determine a cluster pattern in the same way as in Embodiment 1
(FIG.16A 1 iH Gt 9G) ¢ Herainafter arhexample wihererthe hasetstatiohigets a Hirasholdoand
determines a 15 cluster pattern will be described using FIGs.32A to 32E. In FIGs.32A to 32E, B, (i=0,
1, ...)Is a bangwidtis (ciistef sireppervlediemany indithwess fod exarbpléh e Miitnaat Baadwidth
(minimum cluster size) defined for every range separated by a threshold and holds the relationship
B,..13;-]1.BUitHamhoRd £131 (=0, 1, ...) represents a 20maximum cluster spacing defined for every

anse oo B A0 e TR B3 i L o amplesshown i
each section 211 decreases the number of clusters (widens the cluster size)
for CWs of a higher MCS set. To be more specific, setting section 211
10 decreases the number of clusters for CW #1 having a higher MCS set as
showﬁ in FI1G.29 (two clusters #0 and #1 in FIG.29), that is, widens the
cluster size per cluster., On the other hand, setting section 211
increases the number of clusters for CW #2 having a lower MCS set
(four clusters #0 to #3 in FIG.29), that is, narrows the cluster size per
15  cluster.
[0199] Thus, for CWs having a higher transmission rate (MCS set),
that is, CWs more susceptible to the influence of ISI (CWs having
lower allowable ISI), the number of discontinuous points in a
fluctuation of the equalized channel gain of a combined signal
20  decreases as with setting method 1-1 of Embodiment 1. It is thereby
possible to reduce ISl occurring at combining points (discontinuous
points) in a plurality of clusters for CWs having a higher transmission
rate (MCS set).
[0200] Furthermore, setting section 211 increases the number of
25  clusters {narrows the cluster size) for CWs having a lower

transmission rate (MCS set), that is, CWs less susceptible to the

influence of ISI (CWs having greater allowable ISI). This increases
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terminal with the threshold and determine the number of clusters (X). 25 To be more specific, the
base station determines the number of clusters X to be 4 when the rank index Rl is 1 and determines
the number of clusters X to be 3 when the rank index Rl is 2. The same applies to a case where the
rank index Rl is 3 or 4. That s, in FIG.32A, a fixed number of clusters is set for the rank index.

. [0213]Furthermore, as shown in method 1 in FIG.32B, the base station may set a threshold for each
rank indextBhdider BaTusdediffiest ButrusuRbiEr ST Bustefdue t8pbiach pnkirdéd rdizdmple, as
shown in mieéhodll of F1G.32B, the baglen%t(ition de ermines.%ﬂéaeg%mber of cllﬂlst%rslvyl?osefupper limit

) hanne ain Jn, 4, co .81 as, Wi ettin metho
is the number orclustars X24 whén The! faitk indexRI 51 an &tmines one number of clusters

whose uppeh figus I5 ihe numpenaf glusters frswhenthe apkingexRLis 2, Jhe samerlf.applies to a

case where the rank index is 3 or 4. Setting section 211 of each terminal sets the number of clusters
accordingfieghe fanksinglexsitbildis waymaid canttherebydinait the aiaxirsum veftecof 181 pes layer so as
to prevent ISI from a different layer from exceeding allowable 1SI. Thus, the base station can correctly
selecfan MB8set ofléashalaled Nl 15 each terminal. Furthermore, as shown in method 2 in FIG.32B,
the base station maﬁglso set a lower limit and an upper limit of the number of clusters for each rank

index. Forl@¥&rhple, BsholfirParstivd soittimis aoshad sase shfidiattéimies B dmber of

clusters in a,range of 2.X.94 whep the rank.index Rl is 1 and determines one number of 20 clusters in
a range of(ﬁvwgﬁ%tﬁes 14 i %’ e>§3 &?%s %]? Esliﬁéwln iﬁrﬁfggAScs)%ﬂGr.%@Sth@d Sgwsset %’sgfh%g section

211 of each ferRinafo S61 ORlY, SUEh: AMIRAT REFlusigrs Xqthat matchies,the usentyayghput of a

certain value or above including the maximum value. Furthermore, the base station can reduce the
number of{ (gRertingbits:top2orepert the pumbei of dsterss pealayere [Oddplourdiermere; as shown
in FIG.32C, the base station may also set a threshold so as to separate between a plurality of rank
indekés foroevenyueertain range of rank index and set a cluster size () for every range of rank index.
According to method 1 in FIG.32C, as with method 1 in FIG.32B, the base station determines one
cluster sizB¥4eHoseRDeiéMinmigth tdinfim cluster size (Bo, 13,, B2, B3 shown in

According to the present setting method, of CWs (SC-FDMA
signal) mapped to different layers during MIMO transmission, setting
section 211 narrows a cluster spacing for CWs (SC-FDMA signal)

15 having a higher transmission rate (MCS set).
[0203] Hereinafter, this will be described more specifically. Here,
as with setting method 2-5, terminal 300 performs link adaptation in the
space domain using different MCS sets for respective CWs. A case
will be described as an example where a transmission rate (MCS set)

20 (low, medium, high) is used as shown in FIG.30. Furthermore, as with
setting method 2-5, a high MCS set (coding rate: high, modulation
level: high) is set in CW #1 shown in FIG.31 and a low MCS set
(coding rate: low, modulation level: Jlow) 1is set in CW #2.
Furthermore, CW #1 is mapped to layer #0 and CW #2 is mapped to

25 layer #1. |
[0204] Of a plurality of CWs mapped to different layers and

transmitted by terminal 300, the scheduler of the base station
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5 method 1 in FIG.32C) defined for every range of rank index. As shown in method 1 in FIG.32C,
when the rank index Rl is 1 to 2 which is a range having the lowest rank index (that is, allowable 1St is
maximum), the base station may arbitrarily set cluster size Y. Furthermore, according to method 2 in
FIG.32C, as with method 2 in 10 FIG.32B, an upper limit and a lower limit of the cluster size are set
for every range of rank index. [0215] Furthermare, when the base station calculates cluster size (Y)
using the HGATBEYIBREIUSIEIS EXT aBahBTin THhiEIGI3 2D AR Bhse! UelEn Ay 8 dthréshold for each
rank index, set the number of clusters Xr, 15for e%%jgrgnk irt‘l)dex nd,calculate cluster.size Y.Here, Xr,

(ri=0, 1, 2,"*VH'& & 2 SERIGHRE P BVEN Sange Sf Bfd Fank iRde% Separated By & thidshold)
represents, i1, NUMDEF (f GSters SGLIr §aeh fank ndex i gach nded FLIhermogs, B represents

the total bandwidth (that is, the sum of cluster sizes) used for a C-SC-FDMA 20 signal. To be more
specific, in:Fl&-320p thePasevstatiom calnuiatesclusker sizeoYaR{¥risetin throenicindrysysing the
number of clusters Xri set for each rank index (ri=0, I, 2, ...). [0216]Furthermore, as shown in FIG.32E,
the base statibimmayhagdo set cluster spacing (Z) for each rank index by setting a threshold for 25 each
rank index. In FIG.32E, the base station determines cluster spacing Z whose upper limit corresponds

to a maxinhBAPELsté? Spdcing (Brol By, aB'$ Hewn i rrd. 30E ) Kdi exeht rd AR fhdexs Asi&8fown in
F1G.32E, when the rank index RI i?

7. 0217) EA08 o Do SR ADLUr e Fro ot e imonl h TR 360 M Ao G 1. 27
where the S/ segtion, i tgrmipal 30Q;3¢0nvertsi YV on 3grial {q parallgland dhe R sestion
performs DFT '
spacing for CW #1 having a higher MCS set as shown in FIG.31. On
10  the other hand, setting section 211 widens the cluster spacing for CW
#2 having é lower MCS set.
{0206] Thus, for CWs having a higher transmission rate (MCS set),
that is, for CWs more susceptible to the influence of IST (CWs having
lower allowable ISI), the frequency correlation among a plurality of
15 clusters making up a CW 1is increased as with setting method 1-2 of
Embodiment 1. This makes it possible to make more moderate a
fluctuation of the equalized channel gain at combining points
(discontinuous points) of a plurality of clu.sters for CWs having a
higher transmission rate (MCS set) (that is, the difference in equalized
20  channel gain can be reduced), and thereby reduce 1SI in a CW.
[0207] Furthermore, setting section 211 widens the cluster spacing for
CWs having a lower transmission rate (MCS set), that is, for CWs less
susceptible to the influence of ISI (CWs having greater allowable ISI).
Although this makes the fluctuation of the equalized channel gain at
25 combining points (discontinuous points) of the combined signal more

abrupt (that is, the difference in equalized channel gain increases) as

with setting method 1-2 of Embodiment 1, the base station can improve

71



processing. However, in terminal 300 of the present invention, the DFT section may perform DFT
processing on a CW and then the S/P section may convert the CW from serial to parallel as shown in
FIG.23B, F1G.25B and FIG.27A. 10[0218]Furthermore, the present embodiment is applicable to both
single user (SU)-M1MO transmission (that is, MIMO transmission between a plurality of antennas of
one base station and a plurality of antennas of one terminal) and multiuser (MU)-MIMO transmission

(that is, MII® HESHRSIOBERIEEN aopieelit b Bsteiisordnd Hadeassidivh BRaa purality of

antennas of g LPs!éJra”tQ/ of term{'nlaﬁ).i £021?éi Furtq rmare, a case has been described with setting

methods 2-1"and ' 2-2°of a(la-npsres.ent embodiment Whet'a cluster pattern is determined according to

the rank ingpxopweyar, the greseitvention can deleiRie %ektgstma@%@ta&cqﬂmﬁ% the
number of 20 spatially multiplexed CWs. This makes it possible to control the magnitude of ISI
between differenticWsacwrdingio the aumbemnaf GY¥Ws anddmnprave deansnissiesteharacteristics per
CW. This increases the probability of being able to select an MCS set with higher efficiency of use of
frequéncy ¥esotihces bandrsamatierdihy durghar25ipsprdve uger thiidhighptit {9220} ttwdhdrmhore, MIMO
transmission using precoding has been described in the present embodiment, but the present
invention is Afdo! BpplidAbRO S MO ARSMRSSFors Withd it iireeb ey kHat s WHEA %S BRIEEding matrix

“is assumed éas al%r}_it atri .é%ZlASThecerlygodlilrQngs of the present invention have been described
so far. 5[03 ﬁ R'€38¢' has been destribéd'in THe Above embodiments where a cluster pattern is

controlled geegedingde @i MGR 865.4:08ing 28 @r kank ipdex. HoweysEdashe pumber of frequency
resources allocated to a signal transmitted by the terminal, the number of resource elements (RE) or
the numbgnofiRBs bordling:Bplyrality of Rxshdeldiaasescthie obtain effects similar to
10  those in Embédiment I even when MIMO transmission is used.
[0211] In the present embodiment, the base station may also set a
threshold of the rank index to determine a cluster pattern in the same
way as in Embodiment 1 (FIG.16A to FIG.19C). Hereinafter, an
example where the base station sets a threshold and determines a
15  cluster pattern will be described using FIGs.32A to 32E. In FIGs.32A
to 32E, B; (i=0, 1, ...) is a bandwidth (cluster size) per cluster and
indicates, for example, a minimum bandwidth {minimum cluster size)
defined for every range separated by a threshold and holds the
relationship Bi<Bi:. Furthermore, B’; (i=0, 1, ...) répresents a
20  maximum cluster spacing defined for every range separated by a
threshold and holds the relationship B";=B ;.
{0212} For example, as shown in FIG.32A, the base station may also
set a threshold for each rank index, compare the rank index (RI) of each
terminal with the threshold and determine the number of clusters (X).
25 To be more specific, the base station determines the number of clusters
X to be 4 when the rank index RI is 1 and determines the number of

clusters X to be 3 when the rank index RI is 2. The same applies to a
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10present invention may reduce the number of clusters (widen the cluster size) or narrow the cluster
spacing.This allows effects similar to those in the above embodiments to be thereby obtained. [0223]
Furthermore, the present invention may combine Embodiment 1 and Embodiment 2.
15[0224]Furthermore, the terminal may also be called "UE (User Equipment)” and the base station
may also be called "Node B or BS (Base Station)." [0225]Moreover, alth%J h ca@&?s have heen

described &% the ere divpodifteriadstovwiere te preséhtihvéntidh is tonfigtrdd By SOnhardware,

the present inv; Q_}ionfr&al}/spe imple%}eptedtgg §,gfg\ga%edi9{226] Each function block employed in the

descriptioﬁ%ﬁ & aforémentioned embodiment may fyplcaﬂy be implemented as an LSI constituted by

an 'nt_egr%f%%sr%un-ﬂ@%%mwr@,e indivigual Ghips opRariadly or tataliy comtainedian & single chip.
"LSI" is adopted here 25but this may also be referred to as "IC," "system LSI," "super LSI" or "ultra
LSI" depepéinghanslifiering extenisiof intégrationh [022F |Fudthers thie saethodi pheircuinintedration is not
limited to LSI's, and implementation using dedicated circuitry or general purpose processors is also
possible. AliteriiShnanofacturetansliZatisn ofarh FRGK (Pt Profrintiabie Tat8 AP Yor a

reconfigurable processor where connections and settings of circuit cells within an LS| can he
5reconfigdﬁédI*PseQP§lfipés§il§IeEIG‘32B» the base stalion determines one number o

clusters whose upper limit is the number of clusters X=4 when the rank
index RI is ! and determines one number of clusters whose upper limit
is the number of clusters X=3 when the rank index RI is 2. The same
“10 applies to a case where the rank index is 3 or 4. Setting section 211 of
cach terminal sets the number of clusters according to the rank index in
this way, and can thereby limit the maximum value of ISI per layer so
as to prevent ISI from a different layer from exceeding allowable ISI.
Thus, the base station can correctly select an MCS set of each layer in
15 ecach terminal. Furthermore, as shown in method 2 in FIG.32B, the
base station may also set a lower limit and an upper limit of the number
of clusters for each rank index. For example, as shown in method 2 in
F1G.32B, the base station determines one number of clusters in a range
of 2<X<4 when the rank index RI is | and determines one number of
20 clusters in a range of 2<X<3 when the rank index Rl is 2. As shown in
FIG.3A or FIG.3B, this allows the setting section 211 of each terminal
to set only such a number of clusters X that matches the user
throughput of a certain value or above including the maximum value.
Furthermore, the base station can reduce the number of reporting bits to

25  report the number of clusters X per layer.
[0214] Furthermore, as shown in FIG.32C, the base station may also

set a threshold so as to separate between a plurality of rank indexes for
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[0228] 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 out function block integration using this technology. Application of 10biotechnology is also
possible. [0229] The disclosure of Japanese Patent Application N0.2008-292653, filed on November
14, 2008, including the specification, drawings and abstract is incorporated herein by reference in its

entirety. 1SFRIUSIRST BAPIiEABE6236] PR pradsrt M ntitn is SPINICAbRIES 4 bt coHifunication
g:aofg'%%lé rSin]E’(eA te”@i@%h"’%ﬁ‘i’%g“%‘é COMRLISING; a-%‘sgﬁtff rier ransform (DFT)

a plurality gfgla‘f}ers; and
mapper cqpfighred to fmar-ie P nerfoimed symiel sepuenes ineach of theglurality offayers to a

same set of discontinuous frequency resources. 10 2. The terminal apparatus according to claim 1,

wherein thg same 1sek of disgantinuaus fidguency fasourceszmeans that ds jeaBt ogieoaa mumber of
clusters, a cluster size, and a cluster interval in the set, to which each of the DFT performed symbol

system or the li

section cofﬁ‘%%

oftha DFT on'a sympol sequence In each o

sequéncesistimagpdd isithel(53afe¢ btfiesd the DRI perforategkesymiborséquansss. As

10

15

20

25

shown in method 1 in FIG.32C, when the rank index RI is I to 2 which
is a range having the lowest rank index (that is, allowable ISI is
maximum), the base station may arbitrarily set cluster size Y.
Furthermore, acéording to method 2 in FIG.32C, as with method 2 in
FIG.32B, an upper limit and a lower limit of the cluster size are set for
gvery range of rank index.
{0215] Furthermore, when the base station calculates cluster size (Y)
using the number of clusters (X), as sho'wn in FIG.32D, the base station
may set a threshold for each rank index, set the number of clusters X,
for each rank index and calculate cluster size Y. Here, X, (ri=0, 1, 2,
., ri is a number assigned for every range of the rank index separated
by a threshold) represents the number of clusters set for each rank
index in each range (ri). Furthermore, B represents the total
bandwidth (that is, the sum of cluster sizes) used for a C-SC-FDMA
signal. To be more specific, in FIG.32D, the base station calculates
cluster size Y=B/X,; set in the rank index using the number of clusters
X.i set for each rank illdex:_,z;(riﬂo, 1,2, ...
[0216] Furthermore, as sliumwn in FIG.32E, the base station may also
set cluster spacing (Z) for each rank index by setting a threshold for
each rank index. In FIG32E, the base station determines cluster
spacing 7 whose upper limit corresponds to a maximum cluster spacing

(B’y, B’1, B’2, B’3 shown in FIG.32E) for each rank index. As shown
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3. The terminal apparatus according to claim 2, wherein the cluster size is defined according to a
minimum cluster size. 204.The terminal apparatus according to claim 1, further comprising: a
precoder configured to multiply the DFT performed symbol sequences in the plurality of layers,
respectively, by a precoding matrix, wherein, the mapper maps each of the multiplied symbol
25sequences in the plurality of layers to the same set of discontinuous frequency resources. 5.The

terminal appdrafiis acordittd brairtak viRdiain Rlrdtk 1+ thGiRRSFideAtYmgSufHeBf the

plurality of I%}/x%rs is e Lla| tofor S?Ie s than a.numper of antennas provided at the terminal apparatus.
Arg1irar Vq% Ue 101 USiCr ?gac&n%v o . . ) .
6.The terminal apparatus according to claim 1, wherein a plurality of symbol sequences processed in

the pluralify,6f lryersaregpectively, aygedifferent,Gade wardsfrom pacthethen bd dt b igrminal
apparatus according to claim 6, wherein a number of the different code words is equal to a number of
the pluraliyrof, leyers F8 A, pEppingl nrettozcomaiisiegthe S/P section in terminal 300

5 converts CW from serial to parallel and the DFT section performs DFT
processing. However, in terminal 300 of the present invention, the
DFT section may perform DFT processing on a CW and then the S/P
section may convert the CW from serial to parallel as shown in FIG.23B,
FIG.25B and FIG.27A.

10 [0218] Furthermore, the present embodiment is applicable to both
single user (SU)-MIMO transmission (that. is, MIMO transmission
between a plurality of antennas of one base station and a plurality of
antennas of one terminal) and multiuser (MU)-MIMO transmission (that
is, MIMO transmission between a plurality of antennas of one base

15 station and a plurality of antennas of a plurality of terminals}.

[0219] Furthermore, a case has been described with setting methods
2-1 and 2-2 of the present embodiment where a cluster pattern is
determined according to the rank index. However, the present
invention can determine a cluster pattern according to the number of

20 spatially multiplexed CWs. This makes it possible to control the
magnitude of ISI between different CWs according to the number of
CWs and improve trans1nissi011 characteristics per CW. This increases
the probability of being able to select an MCS set with higher
efficiency of use of frequency resources, and can thereby further

25 improve user throughput. |
{0220] Furthermore, MIMO transmission using precoding has been

described in the present embodiment, but the present invention is also
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10performing a discrete Fourier transform (DFT) on a symbol sequence in each of a plurality of layers;
and mapping the DFT performed symbol sequence in each of the plurality of layers to a same set
of discontinuous frequency resources. 159.An integrated circuit configured to perform a mapping
comprising: a discrete Fourier transform (DFT) section configured to control performing of a DFT
on a symbol sequence in each of a plurality of layers; and 20a mapping section configured to control
mapping GHRAE EPFpeRomthEl SyniEb $8GRRINIE SRR b AREG Aty Il 138 §ande set of
discontinuouscfgggluencyé{esources. 10.A base s&%tiip:ln%gf)g{?tus comprising: 25a scheduler configured

.Rre lé o TIX 15 aSSUnIca as a ur . . .
to determine a resotirce allocation so as to map a sy equence in each of a plurality of layers to a

same set pf disepntinyQus, feaueRmEseUraes Adent i AENSHNEE configureddocpotifiinformation
on the determined resource allocation to a terminal apparatus. 30 11. The base station apparatus

accordingde ¢taim 10, wherein the same set of discontinuous frequency resources means that at least

one of a number of clusters, a cluster size, and a duster interval in the set, to which each of the symbol
SequénceéqgMppeﬁ’nghe}wﬁ@%@v@%@ﬁfibed in the above embodiments where a

cluster pattern is controlled according to an MCS set, coding size or
rank index. However, as the number of frequency resources allocated
to a signal transmitted by the terminal, the number of resource elements
(RE)} or the number of RBs bundling a plurality of REs decreases, the
10 present invention may reduce the number of clusters (widen the cluster
size) or narrow the cluster spacing. This allows effects similar to
those in the above embodiments to be thereby obtained.
[0223] Furthermore, the present invention may combine Embodiment
1 and Embodiment 2.
15 [0224] Furthermore, the terminal may also be called “UE (User
| Equipment)” and the base station may also be called “Node B or BS
(Base Station).”
[0225] Moreover, although cases ha?e been described with the
embodiments above where the present invention 1is configured by
20  hardware, the present invention may be implemented by software.
f0226} Each function block employved in the description of the
aforementioned embodiment 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
25  but this may also be referred to as “IC.,” “system LSI,” “super LSI” or
“ultra LSI” depending on differing extents of integration.

[0227] Further, the method of circuit integration is not limited to
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5the symbol sequences. 12. The base station apparatus according to claim 11, wherein the cluster
size is defined according to a minimum cluster size. 1013.The base station apparatus according to
claim 10, further comprising: a receiver configured to receive a signal including the symbol
sequences mapped to the plurality of discontinuous frequency resources in the plurality of layers; and

15a comb configured to combine the plurality of discontinuous frequency resqurces o, utput the
symbol selgggnSCegfgfké%B]é)c%e\/%l?ﬁlltﬁ %Q@h‘g 'the élﬁréﬁﬁ/ggglgy}é?su. HIy P Ll'ﬁg’bearsag ﬁgﬁgésﬁ)paratus

according #g&é%i&l&%’ wherein 3 rkAQindicator idertifying A pupber ofthe; pisality of gyers is equal

to or less than a number of antennas provided at the terminal apparatus. 15. The base station
apparatuspecoiding oclairs dfh whersir alusaltyafgymbal sequaities protesseskinstne plurality of

layers, 25respectively, are different code words from each other, 16. The base station apparatus
according tohelaéme b5 nwheireirs aamuinbet tof e diffeienticodecWeordsitheguantd.@ humbebef the
plurality of layers. 30
5 reconfigured is also possible.
[0228] 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 out
function block integration using this technology. Application of
10  biotechnology is also possible.
[0229] The disclosure of Japanese Patent Application No.2008-292653,

filed on November 14, 2008, including the specification, drawings and

abstract is incorporated herein by reference in its entirety.
15  Industrial Applicability

[0230] The present invention is applicable to a mobile communication

system or the like.
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17. A resource allocation method (performed by a base station apparatus) comprising:

determining a resource allocation so as to map a symbol sequence in each of a plurality of layers to a
same set of discontinuous 5frequency resources; and notifying information on the determined
resource allocation to a terminal apparatus. 18. An integrated circuit configured to perform a resource
allocation 10comprising: a scheduling section configured to control of determining a resource
allocation sd aslibli®iap a symbol sequence in each of a plurality of layers to a same set of
discontinuous frequency resources; and 15a transmitting section configured to control notifying of
information on the determined resource allocation to a terminal apparatus.

I. A terminal apparatus comprising:

a discrete Fourier transform (DFT) section configured to

5 perform a DFT on a symbol sequence in each of a plurality of layers;

and

a mapper configured to map the DFT performed symbol sequence
in each of the plurality of layers to a same set of discontinuous
frequency resources.

10 _

2. The terminal apparatus according to claim 1, wherein the same
set of discontinuous frequency resources means that at least one of a
number of clusters, a cluster size, and a cluster interval in the set, to
which each of the DFT performed symhel'sequcnces is mapped is the

15  same between the DFT performed symbol sequences.

3. The terminal apparatus according to claim 2, wherein the cluster

size is defined according to a minimum cluster size.

20- 4. The terminal apparatus according to claim 1, further comprising:
‘a precoder configured to multiply the DFT performed symbol
sequences in the plurality of layers, respectively, by a precoding
matrix,
wherein, the mapper maps each of thé multiplied symbol
25  sequences in the plurality of layers to the same set of discontinuous

frequency resources.
5. The terminal apparatus according to claim 1, wherein a rank

indicator identifying a number of the plurality of layers is equal to or

30  less than a number of antennas provided at the terminal apparatus.
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6. The terminal apparatus according to claim 1, wherein a plurality
of symbol sequences processed in the plurality of layers, respectively,

are different code words from each other.

7. The terminal apparatus according to claim 6, wherein a number
of the different code words is equal to a number of the plurality of

layers.

8. A mapping method comprising:

performing a discrete Fourier transform (DFT) on a symbol
sequence in cach of a plurality of layers; and

mapping the DFT performed symbol sequence in each of the

plurality of layers to a same set of discontinuous frequency resources.

9. An integrated circuit configured to perform a mapping
comprising: |

a discrete Fourier transform (DFT) section configured to control
performing of a DFT on a symbol sequence in each of a plurality of
fayers; and’

a mapping section configured to control mapping of the DFT
performed symbol sequence in each of the plurality of layers to a same

set of discontinuous frequency resources.

10. A base station apparatus comprising:

a scheduler configured to determine a resource allocation so as

“to map a symbol sequence in each of a plurality of layérs to a same set

of discontinuous frequency resources; and
a transmitter configured to notify information on the determined

resource allocation to a terminal apparatus.
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1. The base station apparatus according to claim 10, wherein the
same set of discontinuous frequency resources means that at least one
of a number of clusters, a cluster size, and a cluster interval in the set,
to which each of the symbol sequences is mapped, is the same between

the symbol sequences.

12. The base station apparatus according to claim 11, wherein the

cluster size is defined according to a minimum cluster size.

13. The base station apparatus according to claim 10, further
comprising:

a receiver configured to receive a signal including the symbol
sequences mapped to the plurality of discontinuous frequency resources
in the plurality of layers; and

a coﬁlbiner configured to combine the plurality of discontinuous
frequency resources to output the symbol sequences, respectively, in

each of the plurality of layers.

14 The base station apparatus according to claim 10, wherein a rank
indicator identifying a number of the plurality of layers is equal to or

less than a number of antennas provided at the terminal apparatus.

15. The base station apparatus according to claim 10, wherein a
plurality of symbol sequences processed in the plurality of layers,

respectively, are different code words from each other.
16. The base station apparatus according to claim 15, wherein a

number of the different code words is equal to a number of the plurality

of layers.
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17. A resource allocation method (performed by a base station
apparatus) comprising:

determining a resource allocation so as to map a symbol
sequence in each of a plurality of layers to a same set of discontinuous
frequency resources; and

notifying information on the determined resource allocation to a

terminal apparatus.

18. An integrated circuit configured to perform a resource allocation
comprising:

a scheduling section configured to control of determining a
resource allocation so as to map a symbol sequence in each of a
plurality of layers to a same set of discontinuous frequency resources;
and

a transmifting section configured to control notifying of
information on the determined resource allocation to a terminal

apparatus.
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