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 3GPP LTE (3rd
Generation Partnership Project Long Tanpd&yriwtipr)pstudies are being actively carried out on
the standardization 150f mobile communication standards in order to realize low-delay and
high-speedittansimissiori§#003] To realize low-delay and high-speed transmission, OFDM

o | #9003]To realize low . !
o R XA A ROk BREARIRT 2R AN IR R RIgRocess
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

10 cluster arrangement setting method.

Background Art
[0002] In 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) muitiple 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-multipiexing 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.



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 DET sequence). 25[0004]Furthermore, standardization of
LTE-Advanced (or IMT (International Mobile Telecommunication)-Advanced) that realizes still
higherspeericonumuRicationthentddthasheanstaitede il EaAtvancedisiexpaotediesintroduce
a radio communication base station apparatus (herelnafter referred to as "base station") and a
radio confiiuiicaton aertiindbappiaiies (rideifter ferfed 1o b earminar) tdpdte of
communlcatlnigL at Wldeband frer%#eqmes to 5reaI|ze gﬂ%her s%ged car 1,wipatlon [QQOS]In

order to nfaift ns}i%&blle carrier ¢ aracter?s‘flcs eg low PAP a{’ea ‘to- -Average Power Ratio)

characteristics) iofa® trangpussioncsigeakiarrealizing high comeragedonramcuplink
allocation of frequency resources on the uplink is limited to allocation whereby an 10SC-FDMA

signaf is mepped i ghiocatized ranmemts €oatinuous frequency bands. [0006] However, when

allocation of frequency resources is limited as
[%(}6%? Pnyor er 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 1).
[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 an SC-FDMA signal
(spectrum) of each terminal by an arbitrary bandwidth according to the

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



described above, vacant resources are produced in uplink shared frequency resources (e.g.
PUSCH (Physical Uplink Shared CHannel)) 15and 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 mappgd e, 20disgoptinueus fraqurRNGY FEesouncesHeg. sae MpntRatant bierauigel). [0007]
According to C-SC-FDMA, a base station compares the states of availability of frequency

resourcesp(subbidrriefs dusesoupesbio ks (R BY wfa piuraliguot eplinks ariehalifel ¢uality
information (e.g. CQI; Channel Quality Indicator) between a plurality of terminals and 25 the
base statiBhl TH& GRS SRR AAAES HACSCUEIRAR Sghaf (CHSEHUIRS OFEHUR Bhmilsal by an
arbitrary hangwidify aceqrding i the lengliel ¢ Retwaei gach teiminal anddienRage station
and thereby generates a plurality of clusters.The base station then allocates the plurality of
clusters gerierated td freushdy resgurods of lipldiglity bf dplinks ahd téporissifennation
indicating the allocation results to the terminals. The terminal divides the SC-FDMA sjgnal

(spectrum)eB§ 45 & abitrasy Hanaiiies InddEhs pHRSHY Drbiustsrd iS5 thal ireg et
resources pf the plyrglity Qf. uplinks_alogatad by the.kase station and thereby genarates a

C-SC-FDMA signal. The base station applies frequency domain equalization (FDE) processing
to the received &-SC-BEDWA signgl 48 phutality (F Rlostersd aerd cambimesithe pharalitydl 0 of
clusters after the equalization processing. The base station then applies IDFT (Inverse

Discrete FoutierfiPanaforay prddessinglidtr combitisd Siha 18 8btaMh B ArkéddHEin signal.

10 of clusters after the equalization processing. The base station then
applies IDFT (Inverse 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

I5 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. see

Non-Patent Literature 2).
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[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. see Non-Patent Literature
2). 20Citation List Non-patent Literature [0009] NPL 1  RI-081842, "LTE-A Proposals for

evolution, 3 3R RANWG#33r20Kapeas A, MQ, WS Mayi2:1%12008 NPLo3g
R1-083011,"UplinkAccessSchemeforLTE-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 LEE, it is
Summary of Invention
Technical Problem
5 J0010] To realize higher speed communication than LTE, it is
necessary to improve not only system throughput but also wuser
throughput per terminal on an LTE-Advanced uplink more than user
throughput per terminal on an LTE uplink.
[0011] However, an uplink wide radio 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 equalized channel gain at the
combining points of the plurality of clusters (that is, envelope of
reception spectrum).
[0012] 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



necessary to improve not only system throughput but also user throughput per terminal on an
LTE-Advanced uplink more than user throughput per terminal on an LTE uplink.
[0011]However, an uplink wide radio 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,, Thys,g¥an when the hasgstation; equalizes, aGrSCdrRMi signak ( plurality of
clusters) through equalization processing, the equalized 15 channel gain per a plurality of
clusters (that isy¢de frslquentyecimtalagain miiltipkeddedin D Ehweight) sniy possibly differ

significantly. Thus, the equalized channel gain may drastically change.at combini oints of
the plurality BPERISRERER i8] divfsih ot A HicH A f&ﬁ%ﬂéff dtigslpEeatibwa

signal). That isy diseanfinyous points.20,ate praduged in Acfuctiation ebthe gaualized channel

gain at the combining points of the plurality of clusters (that is, envelope of reception
spectfum)C [8QL2]THdre, shmintainimgatheclbss dhosthogonalifCer thisl BET ganatrivs minimal in all
frequency bands (that is, the sum of frequency bands to 25 which the plurality of cléjsters are

mapped) tB'§ieH the Cl8C-EBMA GEHENE maphed FHGEIES NG fUBIBIRST of fi'&Gualized
channel 9@9&9- mederaie rall frequrncyhands toawhich g plpraliy i Glusters, are

mapped. Therefore, as descried above, when discontinuous points are produced in the
fluctuationiof the equalized chamnekegainrat the dombinirige paifits iofsthespluhalitywof slusters, the
loss of orthogonality of the DFT matrix increases in frequency bands to which the

5C-SC-FIWAKGAAP TS mappébe TG HRMA SEFBIA HiGhaR i€ thoféSuddeptible Bithe
nfluppee of tatBIengs hstveen.sades atey Symbaliederanee; ol pauserby e loss of

orthogonaﬁi(t)flnofl?ﬁg%)lg'?lmatrlx. Furthermore,‘as the number of clusters (the number of

divisions gfthe 56 FRMA Bighahrinasasess the munthen 6fs10 tombiniag pointsoof dhe plurality
of clusters (discontinuous points) increases, and therefore ISI caused by the loss of
orthogonahy ofake: DFIP fMaaSR Incrddsdsi sTHat i$ca8 AP RUMbET BFEIUSIERS (tHE Hfber of

aNIsIons QNG BaaTan - SININCIRAsEg IRNSIIRION CharReletencs SelSHRIIgMOre
S|gn|f|cant?y. 1§f5(ﬁl§ﬁ:surthermore, an @Modufélon and channel Co Ing
characteristics deteriorate more significantly.

15 [0013] Furthermore, an MCS (Modulation and channel Coding
Scheme) set (coding rate and modulation level) corresponding to
channe! 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 IS]

20 caused by the loss of orthogonality of the DFT matrix (reception
sensitivity), that is, the magnitude of allowable ISI differs from one
transmission paramecter to another set in the SC-FDMA signal. For
example, when attention is focused on a moduiation 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 infiuence of ISI. That is, even when ISI of the same



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 ISI 20 caused by the
loss of orthogonality of the DFT matrix (reception sensitivity), that is, the magnitude of
allowable 151 differs from one transmission parameter to another set in the SC-FDMA signal.

For examp{gWwhenatiention is feeysedion & madulation igvel indigateghintheME set as a
transmission parameter, a modulation scheme of a 25 higher modulation level such as the

modulatiorhscHéme ofi6H: Q AMaradngf aavery shalll Elclidean)distdnce bepwedmgignmal points
is more susceptible to the influence of 1SI. That is, even Wheﬂj 1 of the same_magnitude

occurs, whethBHE 19905 516w able 8r 6t that R Nhethehthd 181 'S Wit B 1aRge of
allowable J.31 0t ot difiers depenrding on.the, madulgten level sekin.the SGERMA signal

(that is, transmission parameter such as MCS set or coding size). In the case where 1ST
greatér tharetheratloavable 18I ofva tiankhiisdion parameteroM 8 set orrcodifi§ sizeset in the
SC-FDMA fii(gnal is_produced, transmission characteristics deteriorate and the user throughput

of the terrfi ; i VWﬁ&l)l tﬁ%ttré.‘hsfﬁ%s_ﬁ)%‘&i?%ﬁeté]r%@etiaeﬁ%‘i?d‘r‘é‘fé_gf [O6AH] iSO When the
SC-FDMA gignal is;dlyided by, an arhitiary 19 bandwidth qnly accqrding.tq a.GQlLhefiveen the

base station and each terminal as with the above described prior art and a plurality of clusters
are mapped:toldiscontinyaus frequenaynkandss akthdaghrtheasystem throughput is improved,
influences of ISI on the transmission characteristics vary _depend{igg on the differences in

transmissiéH 18] pé?ﬁﬁfeté@%l\’/léé%ét%‘r@%%%g %iﬂéf%e’tsindtiri/é Iblﬁl\/PR s'i‘éﬁ_glréﬁﬂ the user
throyghpyt s Aot IRPIaVed, 013l It Bhgr@‘qle gngeisctgling Eer eseniJvenyon,tg,provide a

radio communication terminal apparatus, a radio communication base station apparatus and a
cluster arrgngameantsatingtmetiad capabla wf 20 ifvproming dsep thratahput whiteemaintaining
the effect of improving system throughput when an SC-FDMA signal is divided into a plurality
of clustersEhdRBdrdiity OFERBIENE e ETPEH ¢ distthtindotvreluébty BaneHs, that is,
even wheglC-SCi-FDMA Is used. ZSdSquti?p to Problet[,n [9§)116]<'>A‘ rag}ilo cotmmunlcation terminal

ul 1s. 1mprove nliuences 0O i} rgnsmission .
apparatus of the ﬁresenf invention adop]ts a conf?gura ion including A transtormation Section
that characteristics vary depending on the differences in transmission

15 parameters (MCS set or coding size) set in the SC-FDMA signal and the
user throughput is not improved.
[0015] It 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



applies DFT processing to a time domain symbol sequence and generates a frequency domain
signal and a setting section that divides the signal into a plurality of clusters in accordance with
a cluster pattern corresponding to an MCS set that is set in the signal, a coding 5 size that is
set in the signal or a rank index during IVIIMO transmission, maps the plurality of clusters to a
plurality of discontinuous frequency resources and thereby determines an arrangement of the

plurality of clysters g requency domain. 00141 A sadiq commupigationhase station
apparatus of the present 10 invention adopts a configuration including a control section that
determings:a«lasterapéttermeafca signad from @ rddio €ammunicatien tenminal 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 duri_ﬂ“@ Mlilﬂ@lfr_éﬁé?niésiﬁlr}_}réﬁﬁ% R ittigeEsclibnAhet TepBis tHE RILstE! HHfEm to
15the fadﬁa?é%mmm@émtﬁqg'%' apParals [0gLAIAclister airangemantseling method of

the present invention divides a frequency domain signal generated by applying DFT
processing te atinesdamainsyenbial isdqoreace:irita adpluralityraf clUstedstinaccosdance with a
cluster pattern corresponding to an MCS 20 set that is set in the signal, a coding size that is

set in the BighaltGe PraRklitdex dUMSEMIMORRAHIKSIRT Hapethd prirIfEFoF Efisters to a
Plurality of discontinuous ‘%@&%%@%E%éﬁ%ﬁ%%% and hereby determipeg an,afrangement of the
e

plurality of clusters. Za'onAdvantageous Effects of Invention [0019] According to the present
invention, gvetewhenan SGHRMA sigaal. is divided into a plurality of clusters and the plurality

of clusters

f0017] 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 applyving 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 MIMOQ 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



are mapped to discontinuous frequency bands (when C-SC-FDMA is used), it is possible to
improve user throughput while maintaining the effect of improving system throughput. 5Brief
Description of Drawings [0020] 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 10to Embodiment 1 of the present invention; FIG.3Ais a

diagram illustrating, arefatianshin Retuesn the pimienehastarsdelusterspasing) and user
throughput according to Embodiment 1 of the present invention (when SNR is high);

FIG.3B isweiggramsllpstratitg aorelatonship: batweemnithieplbnuhiberof cltsteirsqcloster
spacing) and user throughput according to Embodiment 1 of the present invention (when SNR
is low); efflgfé.ﬁfiér%}fﬂl%ﬁj’l%%nsmﬁ?ﬁ’étﬁﬁ‘éoé}%gg%ciation 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 arrangement according to
Embadimeni df ¢f sherpresent inteatidn fe/hen modulation level is low); FIG.5Bis a
diagram illustrating a method of setting a cluster arrangement according to Embodiment 1 of
the preseh? fifntion (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  number 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 setfing a cluster
arrangement according to Embodiment | of the present invention (when
modulation level is low);

FIG.5B is a diagram illustrating a method of setting a cluster
arrangement according to Embodiment ] 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);



25modulation level is high); FIG.6A is a diagram illustrating a combined signal according
to Embodiment | of the present invention (when modulation level is low); FIG.6B is a
diagram illustrating a combined signal according to Embodiment 1 of the present invention
(when modulation level is high); FIG.7 is a diagram illustrating an association between a
modulation level and a cluster spacing according to Embodiment 1 of 5the present invention;

FIG.8A is a diagrangibystrating & geethodiaf selting a duster amrgemeni-aceardingdo
Embodiment 1 of the present invention (when modulation level is low); FIG.8B is a

diagram iffusfratng enmeéthbdief settingta elusteonoarryement adeording ko Embbdiment 1 of

the present invention %When modulation Iev} I is,high : FIG.9A.ista dia%ratm illustrating a
combined signal 8&8otdinY t8 EFB8&HTHent 155F tAE BresBht ibVEMISH Qhen modliation level is

low); FIG 98 i3 & diagrarmdliusirating @ ceplingd signalasenrding te4aEmbrdimensd of the
present invention (when modulation level is high); FIG. 10 is a diagram illustrating an
assodiatioh detweenta coding size and the number of clusters or cluster size according to

Embodiment 1 of the gres,ent invention; . _ .
FIG.8A is a diagram illustrating a method of setting a cluster

arrangement 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 | of the present invention (when modulation level is high):

F1G.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;



FIG.11A is a diagram illustrating a method of setting a cluster 20arrangement 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); 25FIG. 12 is a diagram illustrating an
association between a coding size and a cluster spacing according to Embodiment 1 of the

present inventiong g 1 G 13AdS: 3 diagsamsiiustialing & method of setting 2 eluster

arrangement according to Embodiment 1 of the present invention (when coding size is large);
FIG.13B israadiggram illustrating @ tméthdeb df setting a Chistars smrangemsm adcording to
Embodiment 1 of the present invention (when coding size is small); FIG. 14 is a diagram
illustrating &A1 3&s¥E&HSH Héfieen a coding rate and the number of clusters or cluster size

according to Embedimenf |;of hg; present inyentieon 1QFiG-Aads & diagiam Ulustating an
association between a coding size and a cluster spacing according to Embodiment 1 of the
present invent@rement a&dGdimGAtis Brdiagtameiusdtrafingeaprassociatiombetweerk en
modulation level and the number of clusters according to a variation of 15 Embodiment 1 of the
present invRftibhsize g BnedBsis a diagram illustrating an association between a modulation

level and the numaey pf glusters, aearding e A vaiation of Embodiment L pfthe piggent

invention;
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 I 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 | 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:

FI1G.16C is a diagram illustrating an association between a

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

FIG.16D is a diagram itlustrating an association between a
modulation level and a cluster size according to a variation of
Embodiment 1 of the present invention,

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

Embodiment 1 of the present invention;

10



FIG.16C is a diagram illustrating an association between a 20 modulation level and a cluster
size according to a variation of Embodiment 1 of the present invention; HG.16Dis a
diagram illustrating an association between a modulation level and a cluster size according to
a variation of Embodiment 1 of the present invention; 25FIG.16E is a diagram illustrating an
association between a modulation level and a cluster spacing according to a variation of

Embodiment 1 ofithe present inventioRam i1flG-A7Ads adiagem dlusiratirgvaneassociation
between a coding size and the number of clusters according to a variation of Embodiment 1 of
the presentifiventions and FhG.1ZBrisea didgeans iHlustretivng din assockation étaeenfa Scoding
size and a cluster size accqrding to a variation of Embodiment 1 of the present invention;

FIG.17C &% WA4PRFR il S i PaR 585 J8iLtiBH Bitween a coding size and a cluster size
according to a vagigtigry 8f Embodiment, 1, of the prasent inyention: FE . Ioéiis & diggram

illustrating an association between a coding size and a cluster spacing according to a variation
of Entbodimentgl Gfthempteseht investionaccordiRiGid 8Avistaadiagramfiliobtrdiing minl
association between a coding rate and the number of clusters according to a variation of 15
Embodim&hit i eoP RéSHieSbH h\8htion: FIG.I8B is a diagram illustrating an association

between a coding: siz¢ #nd A clustar, size, aceprding, 1a & vayiation of Fphodimgatd of the
present invention; FIG.18C is a diagram illustrating an association between a 20 coding
size and a elUsterssize actarding o a ariation: of igmbodimeiv tloof thieErdsshinirvention;
of the present invention;
10 FIG.17D is a diagram illustrating an association between a
coding size and a clusier spacing according to a variation of
Embodiment ! of the present invention;

FIG.18A is a diagram illusirating an association between a

coding rate and the number of clusters according to a variation of
15 FEmbodiment 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 invention;

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 ilflustrating 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;

11



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; 25FIG.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; FIG.19B is a diagram illustrating an
association between an MCS set and a cluster size according to a variation of Embodiment 1

of the present INVEIHIQRE 15 » AiGIRmIS 12 ARIAN HlsialRg. N asRociatonheiwesn an

MCS 5set and a cluster spacing according to a variation of Embodiment | of the present
invention;set akdGa26 is & bletie configuiatipcdimagranes ofea tefmimall et cording tofa tkariation of
Embodiment 1 of the present invention; FIG.21 is a block configuration diagram of a
terminal attoYdid 108 EMibodiment 2 of the present invention; FIG.22 is a diagram

lllustrating an assogiafigp betwaen,a;fank index.angd y;l,ea@lgH&?gh%cﬂ;@t%%%a'%t@gsize

according to Embodiment 2 of the present invention; .23A is a diagram illustrating a
methad oksetling a cllusterrlSparangement dicgording ta EmbedimeinZboflinespresent invention
(when the rank index is small); FIG.23B is a diagram illustrating a method of setting a
cluster arfdfgeiRtHit attotlingto Embodiment 2 of the present invention (when the rank index

is large); 20FIG.24 5 adiagram Jlysafing. AN ASSOF AN REVEERAEMN 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;

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 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);

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

20 FI1G.24 is a diagram illustrating an association beiween 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 rank index 1s small);

FIG.25B is a diagram illustrating a method of setting a clusier

arrangement according to Embodiment 2 of the present invention (when

12



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 25the rank index is small); FIG.25B 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); FIG.26A is a block configuration
diagram qt,a tgrminahaccqrding 4. Embodiment 2 of the present invention (when the rank
index is 2); 5FIG.26B is a diagram illustrating a method of setting a cluster arrangement
according to EmBadiént 2ief the ptesént davdingiors (iimen dhesrank irdexas 2yrminal F|G.27A
is a block configuration diagram of the ter ig%according to Embodiment 2 of the rgsent

invention {HYN tRE rHhIETOREER )7 © PIESEA dRYFRRCHUSH ARG 4 féfd of
settin_g a qh@&rigrﬁa}pgement according to Embodiment 2 of the present invention (when the
rank index is 2); FIG.28 is a diagram illustrating an association between a
15trapsmission r&eG(MIS iset) arddhemuhhber ofi ckisterscoh clustérssiteraceording ¢o
Embodiment 2 of the present invention;
arrangement according to Embodiment 2 of the present invention (when
the rank index is 2);
FI1G.27A is a block configuration diagram of the terminal
according to Embodiment 2 of the present invention (when the rank
10 index is 4);
FIG.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 1transmission rate (MCS set) and the number of clusters or cluster size
according to Embodiment 2 of the present invention;
FI1G.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 sefting a cluster
arrangement according to Embodiment 2 of the present invention;
FIG.32A is & diagram illustrating an association between a rank
25 index and the nrumber of clusters according to a variation of

Embodiment 2 of the present invention;

FIG.32B is a diagram illustrating an association between a rank

13



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 20transmission 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

associatiqn etwegny a faok 2aindex apd theyauwnbernef slusters agcording dna yariation of
Embodiment 2 of the present invention; FIG.32B is a diagram illustrating an association

between & rainkd ingiex dndfthkenpmberofrclastersiaccording to a variation of Embodiment 2 of
the present invention; FIG.32C is a,di;gram illustrating an association betweerl(a rank

index and a cIu;tEF@i%@%c@o?dW@"%%éH b OPErABodfsHE Y OF sthe Srasént ftVention:
F1G.32D j§ a.diagram ilustiating an assomiation befwesn Aank indexand adglusies size

according to a variation of Embodiment 2 of the present invention; and F1G.32E is a
diagram ilustiaténgmniassodiation between a rank
F1G.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 reccives 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 102
then outputs the C-SC-FDMA signal subjected to the reception
processing fo CP (Cyclic Prefix) removing section 103,
25  [0024] CP removing section 103 removes a CP added to the head of
the C-8C-FDMA signal inputted from radio receiving section 102.

[0025] FFT (Fast Fourier Transform) section 104 performs FFT to the



10index 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 15described 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-FDMAssigpahtfansipitied fiam eaghdrrminakyia antenea 104 and applisssieeaption

processing such as down-conversion and A/D conversion to the C-SC-FDMA signal. Radio
receiving gectieiz 262 thew ofitpgts:they CdS@-HEDMA-SignaIBvBje ctaghtd thé selceptiony
processing to CP (Cyclic Prefix) removing section 103. 25[0024] CP removing section 103

removes &CHPE868 lo thE hEad6f A C-EC-FSMA RIgHAT inBGtd AT Fadid YE&Ring
section 1Q2.J@029) iR To(ERsIpHIIRT.HANSINM) Seaiian 104 peropns Rkl do heos.

=y

C-SC-FDMA signal inputted from CP removing section 103 to transtorm the signal into
frequencyrdemaimG+8C-FEMAssignals ($UBcastepcomponents)c ke sectionpbO4titen outputs
the frequejnq{ domain C-SC-FDMA signals (subcarrier components) to demapping section

105. SFurthetHbis BIRTISeci8R 04 Juf3stE the SEHEaMiér Lomponents

[0026] Demapping section 105 extracts C-SC-FDMA signals
corresponding to frequency resources (subcarriers or RBs) used by the
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 106 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.
10028] 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
ciuster (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



including a pilot signal to measuring section 111. [0026]Demapping section 105 extracts
C-SC-FDMA signals corresponding to frequency resources (subcarriers or RBs) used by the
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 106 equalizes the

C-SC-FDMfﬁ'*gP%% npHited from demapning sectin 105 4sineg EPEwsiahis.ealcuated
|

based on 15 estimate values of frequency fluctuations in channels between the base station
and the respestivel tefmirfdl§ Estimsited by Anhestimationssectigri{notisikdoum)y EDEsection 106

then outputs the equalized signal to co.mbininé; section 107. [0028] Combining section 107
combinességﬁéllrélﬁfﬁfncﬂﬂgfégé%aﬁaﬁb‘% L the C-SC-FDMA signals inputted from FDE

section 106 in ¢ freqyieney domain Rased on he number.af elustars (& plirality of glusters
obtained by dividing the C-SC-FDMA signal), bandwidth per cluster (hereinafter referred to as

"cluster sizeymand freguenitynspacingabetiveeniiiStars’ inmpuitédifromochritrabsedtionl 113.
Combining 25 section 107 then outputs the combined C-SC-FDMA signal to IDFT section 108.
[0029] IDFPEEIONT10B geitidtds a lifne abfhaHEbHaltBy applr BET 5i8e8Lsig to the
C-SC-FD é:gi(%nalséér%;gyg%eq frem combinin_g sectio_n 107. IDFT section 108 then outputs the
generated time domain S|gna} to demodulation section 109.

FO031]3 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 pius 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
112.

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 aliocation of

uplink frequency resources (PUSCH) of each terminal using priority of

16



[0030]Demodulation section 109 demodulates the signal inputted 5 from IDFT section 108
based on MCS information (modulation level) inputted from scheduler 112 and outputs the
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) 10and
coding size inputted from scheduler 112 and outputs the decoded signal as a received bit

sequence, [0032],.0n the qtherhand; measying seation 13t neasurgs AN aRuring

(Signal-to-Interference plus Noise power Ratio) per frequency band (subcarrier) between each
terminal ased thenbbske station using a pilot 15 signal (pilot signal transmitted from each
terminal) included in subcarrier compgonents inf)utted from FFT section 104 and thereby

generated ¢Aanhel Eﬂéﬁﬁﬁf&rﬁ%ﬁ%ﬁi(’é@? Bl6F ddendeirhinE e dLdiny S8 111 then
outputs a.60lof g0l fermiSeL e sehedler 12 201003 Selladhfed s g mput, an

MCS set (modulation level (modulation scheme) and coding rate) set in the signal of each

termidal, cading size (epdehlockisize)veat indke sighialof eaeh terminah antd DFEwizé (the
number of DFT points) used in DFT section 210 (FIG.2) of terminal 200 which will be described
later. FirstScHediidM 1y oigsahiclirge s piioriey T AbEATRIG &SRR FelgUeAly FéSbitces

(S et g T e aleegn
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] Scheduier 112 then outputs frequency resource information
indicating the result of allocation of uplink frequency resources of each
terminal (that is, the scheduling result of frequency vesource allocation

15 based on the determined cluster spacing) and spectrum division
information indicating the number of clusters and cluster size of
ciusters 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 inpuited from scheduler 112.
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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 the signal (C-SC-FDMA signal)
from each terminal according to an 5 MCS set (modulation level and 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 sizg, prGlHSter SPaciRG T hat is; seheduler 412 functionsas Adetesmining segtion that

10determines a cluster pattern (the number of clusters, cluster size or cluster spacing)
accordingwtbithie MES se eF badihg size! [0038]Sehieruiér d12itiven olitpind fretmenty
resource information indicating the result of allocation of uplink freque 1% resqurces of each

terminal (tRaPRYRSE dehisdu it s Gt SEAEqde AP RS0 B & ARbEAtoH 1S Hadke H'the
determined cluster spaging) @z,qlﬁ%@@&@?&jvﬁi@mﬂ?ﬁ@ga&ntmi&éﬂﬂﬂ4%%%9%01“

clusters and cluster size of clusters making up the C-SC-FDMA signal transmitted by each
termigal to tentrolesectidn k23 and genkrationesestionidg4tcThisechuses asehister péftern
indicating the number of clusters, cluster size or cluster 20 spacing to be reported to each

terminal. FRRHSHRGS. SRedtfer 110 Bathots CHE Bl Mo radoriRRITding MES fifdFmation
indicating ghe MG 56t (POGWISHEN Scherme, an casipe, i) seity sach esmin and the

coding size set in each terminal to demodulation section 109, decoding section 110 and
generationssaeior d 14. 26{0Q36Hgonitol seatioh 113 calculates the number of clusters, cluster
size and cluster spacing based on the spectrum division information and

(00371 Generation section 114 generates a control signal by

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 tferminal.
Generation section 114 outputs the control signal generated to coding
section 115.

15 [0038] Coding section 115 encodes 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 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
25 101,

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

to the present embodiment.

18



frequency resource information inputted from scheduler 112. Furthermore, control section 113
calculates frequency resources to which the C-SC-FDMA signal (a plurality of clusters) of each
terminal is mapped based on the calculated number of clusters, cluster size and cluster
spacing. Control section 113 then inputs the calculated number 5 of clusters, cluster size and
cluster spacing to combining section 107 and outputs mapping information indicating the

frequency; ieseyrees, oewhich then g SEafPMAsignal (anlyality ofclustess) ot gaeh terminal is

mapped to demapping section 105. [0037]Generation section 114 generates a control signal
by 10 conventinhgthe spactdinirdiviston dnformatioh{ fretflidhéy resounce nfordaticmand
control information inputted from scheduler 112 to a binary control bit sequence to l?e reported

to each tetRihSS GERGTRHEN sdttisit SHAUHAR the cohtBRsiftal Yahetatddfo cddihg section
115. 15[00381 Goding seciion 1ireoradss e crntiol signal inputted:tiom ganeratign section

114 and outputs the encoded control signal to modulation section 116. [0039] Modulation
section 11aimadulates thenearitrel signakirputtecifrom dodingsaation I and owtputs the
modulated control signal to 20 radio transmitting section 117. [0040] Radio transmitting

section 1HEBOIIEE trahsHission pfdcessind sich UL 9/ sirsiBh AiRpliffdfS R Shd
up-conversion I dne.sapial Agnahineytiad rare medilalionseiondib apdiransmis e

signal subjected to the transmission processing to each terminal via antenna 75101. [0041]
Next, FIGt2ashews adcanfigeuationsefitarminaha00iaccordingutatibe presehisesnbpdiment.
[0042] In terminal 200, radio receiving section 202 receives a control signal transmitted from
base statih! 100 (FCel) vidsamenta 2095aH8c8ppiasydBapion prbeesitesusty Hak
dow%con}li%rsion and A/D conver§ion o the %%rétlgol esrig]qg_l. Raddo cr&%eri&’in%?gﬁ]ﬂ%i 802 then

Juency resources allocated 1o al an
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.
(00457 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 to coding section 207 and
moduiation 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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5outputs 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 each terminal (that is, the number of clusters) and cluster size,
frequency resource information indicating uplink 10frequency resources allocated to each
terminal and control information indicating MCS information and coding size or the like. [0043]

Demodulafjgn, seetign 203, demodiates the,coniral Rignal and.auinuts ihe demoduiated control

signal to decoding section 204. [0044] Decoding section 204 decodes the control signal and
outputs 1sthesdecaded edatiobsignal fe extraction .sectiono2 05 {045 Exéraction seetion 205
extracts the spectrum division information and freg‘%uen% resource information directed to the

terminal InERIEE S tHESEaRE®t signaitiputdd rom decBdihy siehsh SoP NG Hp &S the
extracte? SRRPINT AVZORICOMALen ANA L, % 20cssQuigepiormation,te eptrol

section 206. Furt ermore extraction section 205 oU puts the MCS information directed to the
terminal angl coding sizerndicated in the contiokinferenation inchddeddr:the controfisignal
inputted from decoding section 204 to coding section 207 and modulation section 208

25[0046] EntroHsEGiciP 208 Ealelil B RES niMbEr ©f BRistlfs 6t & C-BELADMAEgnal

generatedl% IVIdlngnttqglss%(ﬁPoMnAZ%gnallgh}aati 4 the cluster pattern (the number

of clusters, cluster size and cluster spacing) reported from base station
100. Control section 206 then outputs the calculated cluster pattern fo
10 setting section 211. To be more specific, control section 206 outputs
the calculated number 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,
[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 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

20



output of DFT section 210) and cluster size based on the spectrum division information and
frequency resource information inputted from extraction section 205. Furthermore, control
section 206 calculates frequency resources to which the C-SC-FDMA signal (a plurality of
clusters) is mapped based on frequency resource information and the 5 calculated number of
clusters and cluster size, and thereby identifies the cluster spacing of clusters making up the
C-SC-FDiY1 A signals Thabisneontrolsedtiop 206 talodlatesithe dimsteipattead (Ehethumber of
clusters, cluster size and cluster spacing) reported from base tzaztionrloo. Control getction 206
then outptitsTafsiealculasd Blusle? paemabtPit selfiig S86661T 91125 BE MBFe specific,
control section 206 t%u}!pgﬁ% ft@ calgg{l%g% Rumber of clusters and cluster size to division
section Ziﬁqo”feélé:ﬁing Section 211 and outputs mapping information indicating frequency
resources 4@ yehich 18 L8 GDMA signah(es plutality.of clusterghobthes tarminat istmapped
(that is, information indicating the 15cluster spacing) to mapping_section 213 of setting section

211. JO04TIMUHGH thie (BCFDMA ighdl RISTHAIAY 58 ARIIBEHLE APIGAHIIS D &fildters,

suppose i s predetermined hetween the base stalianand i terouinal ihatibe SEFDMA
| r

. 1 1E. T 1
signal (spje ru f?/vnl(be Nided in order from a lower equency part of the spectrum (from a

20 lower qutpwt AyMker gf PFEToseqtian 21Qes fram ghighee frequehcy paguehthe spectrum
(from a higher output number of DFT section 210). For example, of a plurality of clusters

generatedithiapgrie didsion, 26ftrol section 206 calculates frequency resources to which

the clusters are mapped in order from.a cluster of a lower frequency (clygter lower
output nubiBedf DEY S5 16 8}1%1”% Sglifch%@? \#Vaxﬁlsgherp ?gé{ugh’%/t%c%%?e%%? a higher

outpyi nu of DR seqtian 219k 09481 Geding:seetiarA07enoadesiiransenission bit

sequence based on'the MCS information (coding rate) and coding size inputted from
extractionssection 205 antroutputs therehebded trermsmissibnbi sk guenEe té iiotulstion

section_ 208. {07049]’Modulation section 20%3 enefates a s mlb(_)l seguen %b %g#ggging_ the
transmissiBH bip Setfiferite Mplitet HOM cdding g%én%%%‘ﬁ)é‘? Based& on tﬁe I\Xlgg information
(mOd“'ati%AiYSQ&%PEQ?Q fram,SxActionN 80198 205 aodouipuisdhegenetated symbol
sequence to multiplexing section 209
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 setiing 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  {specirum) inputted from DFT section 210 into a plurality of clusters in
accordance with a cluster pattern inputted from conirol section 206,

maps the piurality of clusters to discontinuous frequency resources



[0050] Multiplexing section 209 multiplexes a pilot signal and the 10 symbol sequence inputted
from modulation section 208. Multiplexing section 209 outputs the symbol sequence with which
a pilot signal is multiplexed to DFT section 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 pilot signal and a symbol sequence are multiplexed before
DFT processibgsibuta sanfigurationamaymalse be mdopted dmediick alpilat-signalld/multiplexed
with a symbol sequence after the DFT processing. [0051] DFT section 210 applies DFT
processirtg gozhel time gorhai sympbiseguerse isutfeBRSHTMuftiiedihg settidi’£09 and

generates 20 a freguency domain si < A.signal). DET section. 21 tputs the
L FOMAHA LIRS Gorlbiaats doon Subhar Sz ar S5y Soction D1
[0052]Setling.sectipn:2 1} isprovided with givision.section 22 and mappiag sectias 213.
Setting section 211 divides the SC-FDMA signal 25 (spectrum) inputted from DFT section 210
into & pluthtity iofadhesters in wiccordanes fidth at Etustef perteimginpiiterrfrer coritlol Section
206, maps the plurality of clusters to discontinuous frequency resources respectively and
thereby det&fHiReS an arrangement of the C-SC-FDMA signal (a plurality of clusters) in the

freqUenCﬁ@'@m@n- $rtfingosection 21 eytpuisithe.GiSC-KPMA signal (aplumlity afclusters)
generated to IFFT (Inverse Fast Fourier Transform) section 214. SHereinafter, an internal
configuratidh bDaéting seetiots 244t withbeidesetisedr[0053)Division: suttidh(2 12 6f detting

section 211 divides the SC-FDMA signal (spectrumggip utted from DFT dsle(ftio Zloziepto a
plurality of CHietE% %%66?&&@%&%8*3&%&? b Iy sglér?g EUSHSF 838 6 ihditatedtin the

uster size

clustey infrmation inpuited from.contrgl seation 206, LivisiopsesionAL2:hep0uplts the
C-SC-FDMA signal made up of the plurality of clusters generated to mapping section 213.
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)
inputied 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 IFFT 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,



[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 IFFT on the

plurality ofdreguenceypbangs: (sspcagdeans) to yieh die1GeSCatld MAesignal inplutet fiiom
mapping section 213 is mapped and generates a time domain C-SC-FDMA signal. Here, IFFT
section 24 itisertefO dnfo frequeMEs) sasmis! (Subednadefsy BtiEFthas tHe plartdity dhfrequency

bands 25(subcarriers) to '[Bth C-SC-FDMA sjgnal (a plurality of clusters) is mapped.IFFT
section Z%E?He%fro%Fpﬁ!fS\t/é%k?m%%gﬁgiﬁl G St FDMA signal to CP insertion section 215.

[9056]_CF’§i61§§'7t2'0n RegloN2ARdd:m thesarne sigpal gs the realsRadianohike &Sy FDMA
signal inputted from IFFT section 214 to the head of the C-SC-FDMA signal as a CP. [0057]

Radig transniitting s€ctlon2b6 applies transmissmonoproeessing Ssuereasi DIA tonveesion,

amplification and up-conversion to the C-SC-FDMA signal.and transmits the signal subjected
to the trarfsmission Brocetsiiy to HaSe SEARSA 160 f%.ls)l%f?lantse"f\bn’éecztﬁl%. [0 58{ ext,

details of glyster;patern, determining, RI9cess gy Rserstation 390, anchsluster arrangement

setting processing (that is, division
[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 patiern 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

atiributable to the difference in robustness against IS! among different

|
Lh

modulation levels (allowable ISI). That is, base station 100 and
terminal 200 can improve the user throughput by setting an arrangement

of the C-SC-FDMA signal (a plurality of clusters) in the frequency

b2
(3]



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. F1G.3A (when SNR (Signal-to-Noise power Ratio) is high)
and FIG.3Bwhen sNR ignaliio-Npisa pewerRatia) lis o) dlliSirate arglatidivshig between
a cluster pattern of a C-SC-FDMA signal (here, the number of clusters or cluster spacing) and
user throtighysat; %sshawaan FIG SAdd 201 FIGESBS Weréiieter pattdihsthathakifizes user
throughput g%er ,the n gaber of clusters.or cluster spaci ' f - lation level
to anothe?” errlg,et éflt# clﬂ‘étearné?ttgéh% at | r%%&ﬁmﬁ%e?%%%?%ﬁé%grﬁg&f c?llﬁfér%\sig %%r%g one
modulatiop, level fo,an0ther Mgy heatribyiable tedheifference:in sehustpessagainst IS|
among different 95 modulation levels (allowable ISI). That is, base station 100 and terminal
200 ¢an inprbve: thieusedthroligeputtby- setting an arrangement of the C-SC-FDMA signal (a
plurality of clusters).in the frequenc 1 main based on a clyster, pat it le 151
among diff&?&¢ tra BHﬁssﬁBﬁ%&%ﬁét (%s ?rk]té%\slent%t%%ﬁgidgﬁtigf%}tgg%g ra%lsalé)ll(égtlayr%%Iescribed
in F1G.3A and F1G,3B where the mpdylatiandeyel iscaken:as an exampleabuttbeisame
applies to other transmission parameters 5(coding size and coding rate). [0060] Thus,
schedulepii2nof basebtationt100 deiermines h stuster batferh of tRMEASTLERMACSIgnal

according to the transmissionﬁoarameter (MCS set or .codigglsiz?) §eert in th]e CioGEPMA
signal frof¢ t8HHAHar280. PUMRBRTBRE S setfilgisefh' 2% 1°0f tefminal 208 sets 10 the

arrapgemgnt of the C-SC-FDMA signal camipality ofclustershiathe freueneydomain

according to the cluster pattern corresponding to the transmission parameter (MCS set or
coding size)sateimibtecC-SCEDMA sigrdah transthittedibyethe atteninak Heseinzes fiethods of

setting a cluster arrangement 1-1 to 1-6 will be described. 1 %Ggéspfttirégegnethoq %-1>
}'.d ~

According ¥ tHEaseBEY SRR ARENBE, S¥ting S&Ltidh 21 DMA 'signal by

the number gf ¢l (the divisigns)corespanding tp-thenadulatienrsyel
(modulatigggsglgr%tg%néfgg?éfdm:ﬁaqa{%%M%\éS&s%?tt)gl}g?ig setin the C-SC-i:DMA signal. 20 [0062]

As the maglulation jevellinareases.thenkualideandistancd betwkerr sigadl points becomes
shorter and susceptibility to the influence of 1ST increases. That is, the higher the modulation
level, the IGWer is tieSdbustriass’ adaindt1S1 (allowable 151). Thus, setting section 211

preferably sets the arrangement ﬂiéh%r%'s%%'@%ﬁsgi%@t@éd,(as@wﬁ ity Qf.clustess) in the

frequency domain S6 that 181 decreases as the modulation level set in the C-SC-FDMA signal

transmitteg; bydhe ierminat incraasasastiheriebustngss agaist iS]dédreasesper 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 Fuclidean distance
between signal points becomes shorter and susceptibility to the
influence of ISI increases. That is. the higher the modulation level.
the lower is the robustness against ISI (allowable ISI). Thus, setiing
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 IST decreases).

24



[0063] Here, as the number of clusters of a C-SC-FDMA signal (the number of divisions of an
SC-FDMA signal) increases, the number of discontinuous points in a fluctuation of the
equalized channel gain at combining points of a plurality of clusters increases, and therefore
1ST 5increases.Thus, ISI increases as the number of clusters of the C-SC-FDMA signal
increases In other words, ISI decreases as the number of clusters of the C-SC-FDMA signal
decreases[064] Thys, accerdingtatbe preseniselting methd.-s@iting segtiah (18211
divides a signal (SC-IFDMA signal) in accordance with a cluster pattern with a smaller number
of clusters: {thve aumbeti ofchusterd per S6rt&iIR Wnit BEFUWIdIRY F6REERIgHET MOBTIREISH level
indicated in the MCS set that is set in ﬁe signal transmitted by the terminal, That is, scheduler
112 deterfHied A Bttr RAdFn Thdicatiig & Shale

Y
Ing a smaller ﬁkﬁ?nggr igozfeclusters as the modulation

level indiC@&%@bi&m'_gD 256l thatis:setiin the signal transrpittedshyaterninak20Q insreases.
[0065] Among SC- A signals having the same bandwidth (certain unit bandwidth), the

smallér (greaterstise nufitber, of Blusterswisteined thisughiaision thelwiders(nafrolber) is the
bandwidth per cluster, that 70 js, the cluster size per cluster. That is, among SC-FDMA signals
having thé-s3fmel baMdwider aletiidind fifcreasing) the number of clusters obtained by dividing

the SC-FOMA signal @G(?gy:ivqlgpt tQ widening (Qarowing)the cluster sizeper aplurality of
clusters obtained by dividing the SC-FDMA signal. Thus, setting section 211 25 may also

divide the cignal { SE+tABMA dighal)dasascordance 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 [0064] Thus, according to the present setting method, setling 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

of clusters as the moduiation level indicated in the MCS set that is set

—t
(9]

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 1s, 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 for a higher modulation level

indicated in the MCS set that is set in the signal transmitted by the

[
h



terminal. That is, scheduler 112 may determine a cluster pattern indicating a wider cluster size
for a higher modulation level indicated in the MCS set that is set in the signal transmitted by
terminal 200. [0066] This will be described more specifically below. Here, as shown in FIG.4,
cases using, as a modulation scheme, QPSK (modulation level: low) where two bits are
transmitted with one symbol, 16 QAM (modulation level: medium) where four bits are

transmitted with ane symhol; and G4 QAM (madutatipndevelihigh) awhers six bitsrane
transmitted with one symbol will be described. Furthermore, the 10 bandwidth of the

C-SC-FDMAisigiakin FIGISA and FIG:EB, fhatdshilsd total efodesi sizécare|hatis o' to 43

shown in FIG.5A is equal tﬁ the total ,CIL{?ter sirze PE&'H%}E{E#Q gmqe#lél 1srkllolv\zpoi FIG.5B. [0067]
Schedulet™ oY ase Stdfigh Lot eRrERsaEhe nlmber of Sldsters (widens the cluster size)

as the modyaion leyglingreases. d57AMeimars: spesific ras showaiignF 1Giescheduler 112
increases the number of clusters (narrows the cluster size) for QPSK of a low modulation level.

On the othiep vandjras BhOwn ircFdG .4 psoheduker 112 dectelsiesthesabipiber ofdladters
(widens the cluster size) for 64 QAM of a high modulation level. That isi1 schedulerb1?[2
determind€q 96! 2fitel Patter? thatREIEHEE e Wuthber BraiSters Thigh Mediim, low) or
cluster sizg;(Nairoy, MEFIHAL; Wided paccargdance with thermadylation level fow; caedium,
high). Base station 100 then reports spectrum division information including the determined
cluster patiern (the aumber of clustere antlister size)andsfretuengy) resotnece 26information to

terminal 200. [0068] Division section 212 of setting section 211 of termirhal 200 divides the
SC-FDMASgHANEBELEIMY iHp CRsd FEM DRT Sdtor 236 it a PIUFAIY Befustdrs

2Coqina 0 U GHEISE PRI elprned iy ssheduler 142 e persber atchitags o cluster

size). That Is, division section 212 divides the SC-FDMA signal in accordance with a cluster
pattern withraismalesmunbes fot tlystessHorithe: Wideo chusterfEsizepfor & higheromddulation
level indicated in the MCS set that is set

total cluster size of clusters #0 and #1 shown in FIG.5B.

10067] 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 FIG.4, scheduler 112 increases the
number of clusters (narrows the cluster size) for QPSK of a low
modulation level. Oz the other hand. as shown in FIG.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 (marrow, medium, wide) in accordance with the
modulation level {low, medium, high). Base station 1{#0 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

26



in a signal transmitted by the terminal.Mapping section 213 of setting section 211 then maps
the plurality of clusters to discontinuous frequency resources based on frequency resource
information. [0069]When, for example, the modulation scheme is QPSK 10 (modulation level:
low), scheduler 112 determines a cluster pattern (the number of clusters or cluster size) so that
the number of clusters increases as shown in FIG.5A (four clusters 40 to g3 in FIG.5A), that is,
the clustersize paLElISter Jfecomas Har owennAs sheiven ik ke . pAs divisitn sectionl 212
divides the SC-FDMA signal (spectrum) into four 15 clusters of clusters 40 to 43 and mapping
section 213 mabsdelarclliters B0 49 t6 dEcERtTGOUTebUIEHEY fd&6lrceS" A hown in

FIG.5A, a C-SC-FDMA signal.with a high numbe usters (narrow. cluster size) is thus
generated. [0075) &t %ﬂqo a}ezr an ,evsgr?%% ' eerir!wig U atlséﬁnsaéhg{me is 64 QAM 20 (modulation

level: high), sehegular 412.dateminas a-clustar paderal (thenumbemef clustersiasdluster size)
as shown in FIG.5B so that the number of clusters decreases (two clusters 40 and #1 in

FIG.5B), tHatisf¢herchisterrsize beesimas srdbrnasashedvinn mAEES divisibiistttish 212

divides the SC-FDMA signal (spectrum) into two clusters qf,cluster 25 410 and cluster 41 and
mipping Secion 814 gt HhLter 40 AnitSSE AL 1S sty 19,0 el

‘ént}’ Eluster 410 dlscoﬁt?ﬁﬂ%ugef?equency resources.

Thus, as §QRWJ%@E&%&BQ@ C:RGrRRMA signalwith @ lew numiber ef clustens: (widecluster
size) is generated. [0071] Terminal 200 then transmits the C-SC-FDMA signal shown in

FIG.5A (nfiogtulation sehemes QPSK) omFIG GR (wiodesationssthimaaéd ®AM) to base station

100 and base station_100 applies eqqalization_%;)roce%jig%to the r%c%il\éed.(q:- -EQMA signal
and combif&&the c-¥BEpMR Sighs T pluralily of BRISIeTS) Hter e B§ualization processing.

This, allows, hase station. 10 to,Qhtain a.gignal pfterdthe Gluster cambination as:shawa in
FIG.6A (modulation scheme: QPSK) or FIG.6B (modulation scheme: 64 QAM).
number of clusters or cluster size) so that the number of clusters
increases as shown in FIG.3A (four clusters #0 to #3 in FIG.5A), that is,
the cluster size per cluster becomes narrower. As shown in FIG.54A,
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 1s 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 shown in FI1G.5B, division section
212 divides the SC-FDMA signal (spectrum) into two clusters of ciuster
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



10[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 the combined signal is I. That is, as shown in FIG.6A and FIG.6B,
as the mogdulatign Jevel 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 1888 i3 I1STgeniratedlat tontbirig 2OPoims (diséoritindblisshomitsF BP & Plifality of

clusters. [0073]Thus, when the modulati l'is high, that is, when.the Euclidean distance
between ib%‘a?l‘ﬁpcgfﬁfédigqgi‘f&’f 5?3 ?8&'5@%@ é’é‘ﬁﬁ%%ﬁ%&%éﬂ%ﬁ ?§ fow. 'tr?ég number of
clusters of,the;C-SCsEDM4 signal is) (educed 4ok thescluster siza jpwidergdh Thisilessens IS
against the C-SC-FDMA signal. [0074] On the other hand, when the modulation level is low,

that i, wipendhes Eugclideanhdistence betwéel SidgialMpbintsds 4bng ahdc pobusthessEgainst
1ST (allowable IS]) is great, the number of clusters of c-SC-F MA st'g;nal isu"]C&% send (the
cluster siZe RGTAPOMAC) R cAisdd Pl dte F 18 BE mdbped 16 2 pitiFality of frequency

resources, having. differenf chapnel flucivations, and ¢an thetelydmpievedthe Sdreauency

diversity éffect. However, as shown in FIG.6A, when the modulation level is lower, the number
of discontinueus points ind fuctuatowaf thekéGualized efrannal gairhimthe Sdimbihed signal
increases (that is, IS! increases). However, since the robustness against IS! (allowable ISI)
becomes GtEatér &8 e #a0IAEBATEeP 1G4 ddases, the influence of 1ST on transmission

charagterigies ) loss, (09751 TS, A6e01dinG tg e resenbagiing inefbed the teswinal

divides th D signal by the number of clusters (or cluster size) according to the
modulatiomyevel intieated irthe MGKsettikhus,rfidrea hifjhs modidation lpvel (fowerallowable
ISO, the terminal reduces 15 the number of clusters of the C-SC-FDMA signal (reduyces the
number of stsiring péiiks (EREERTATORPBIHS) BF cltistlis)c ANE 5 tAEFBRY Hdlice 1ST.

Furthermaye, for & lower,moglulation Jeve! (grepter gllowable 4STh e (eimminak nargases the
number of clus . T |

1 h . O W g _
&rs of the C- C-&[?&}IA signal, and can thereby improve the frequency diversity
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.6B, 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.

[0073] Thus, when the modulation level is high, that is, when the
Euclidean distance between signal points is short and robustness
against ISI (allowable ISI) is low, the number of clusters of the
C-SC-FDMA signal is reduced (or the cluster size is widened). This

fessens IS1 against the C~-SC-FDMA signal.

]
L

{00741 On the other hand, when the modulation level is low, that is,

when the FEuclidean distance between signal points is long and



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 gan.thetebycontroliSt. Thus.when fos example adapiiveumbedtlatioriichannel coding
(Adaptive Modulation and channel Coding: AMC) control is used, the base station determines
the numbef 6 8I0SEEI¥(Slusterdize ) mcvoreidg 16 ard wrbiukatier IeVEL CBAtrbls 1S5 and can
thereby estimate instantaneous 1S befqrehaglgti. Thu§, th : tb_ag? ggtiggﬁig mare U%‘S@é to be able
to select AAEEEUTHEMES EAF il ate JPHRREE Wit iRstaAtanedus receiving quality (e.g.
instantangous, SINRYwith theyjnflyenca of instartanegis 1o taker intoiageaund. Tihws, the

present setting method selects an accurate MCS set, and can thereby reduce the number of
retransmigsignsduye doveasismissicn errois; Oartd ¢an therebyi fulther Srprove tisere

throughput. [0077] <Setting method 1-2> Although a '&ase htas t?)euen dgﬁﬁrib% in setting
method | WABHBY SBttRYLedtiolP 2 Ef difide tHE ST EDMA ‘SHHALY thé Alimber of clusters

corresponding. to the modylatiop Jeval indicated,ipithg 1Y 1GS sgt 18dhatiseaetirniha
C-SC-11DMA signal, according to the present setting method, setting section 211 maps a
plurality of:clusiets todrequancy sesaurcessata clusiemspauing oorregpendinger Bees
modulation level set in the C-SC-FDMA signal. [0078] The widey the cl(y tgr.sPa irl%f)f the
C-SC-FDM# igindiS thexdo saRieist tHe fReqasHsy &orididtich bEtiveBRChARNEls through which

eaCIg Oc l.u%%rc?éggg :>g attges 11-&%%3\/(\:@ e lf§§% ﬁtﬁtﬁﬁ &QQS?@IPI%%@F@H%HQ rocassing based

on a minimum mean square error (MMSE) approach or the like whereby a reception spectrum
received aftgy propagating:thyerph @ frequeney selectivet cihgnmet isaibt compatelyal
reconstructed, 25 a difference in equalized channel %girn (power differenc§ and amplitude

differenced iandashidse HifERNES wHE It hs PamEMHe PEHMHAoH B or) W' om |(ﬁ5ng points

(dlscontlnggggrgggt% c%fh% %I}%rﬁ‘lﬂ'%t%n level indicated in the MCS set. Thus, for

a higher modulation level (lower allowable 1S1), 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 IS1), 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 ievel is.

2
Lh

{0076] Furthermore, the present selting method determines the number
of clusters (cluster size) according to the modulation level, and can

thereby conirol ISIL. Thus, when, for example, adaptive



clusters making up a C-SC-FDMA signal increases and 1ST therefore increases. That is, the
wider the cluster spacing of the C-SC-FDMA signal, the greater is 1ST.In other words, 1ST
becomes less as the cluster spacing of the C-SC-FDMA signal becomes narrower. [0079]
Thus, according to the present setting method, for a higher modulation level indicated in an
MCS set that is set in a signal transmitted by the terminal, setting section 211 maps a signal
(SC-FDMA&ignabde; anplunality of discontinyous: fidgdencyi seseurces imactdrddiee with a
cluster pattern with a narrower cluster spacing. 10That is, scheduler 112 determines,a cluster

pattern indiEEingcamaerovier elsster $i5adidgeor € Hihef MBHBIARSN 1B MibdiRSted In the MCS

set that is set in the signal transmitted by terminal 200, 10080]Hereinafter, this wilk he described
more spetitiéaiiy’ Efjﬁ“gs,tgﬂpsﬁég five %rl?%w%ert %ff:ﬁﬁste?s?ls 2 (Cluster #0 and cluster #1 shown

in FIG.8A,and. 51 Gr3B) n FWthenmnere: as Mith setings mettode b ca caBeuwillibe deseribed
where QPSK (modulation level: low), 16 QAM (modulation level: medium) and 64 QAM
(modbilatisriavel:ikighp as sHown iFPFIG. 2hke Used @€ theamotfil&tils sthemed Eurthermore,

as with setting method 1-1, the bandwidths of the respective. C-SG-EDMA 70signalg in FIG.8A
and FIG. S84 Sathe PjobB T iSsAR e 1120t blé%eqs%gifo% 1 OEr'lar'row&}s the cluster

spacing fay & Righermodilation levele Terbemare spesific, B shovwn ini 6. 7 scheduler 112
widens the cluster spacing for QPSK of a low modulation level.Furthermore, as shown in

FIG.7, schedulerid D nawowsdatien2Smkidted sgaenig for 640V oV & Right méddidtith level.

That is. scheduler 112 determines a cluster pattern that matches the cluster spacing (wide,
mediurn, FBHR) SEELRAG G HE TROAUARBATodbl (b C1e o (rinsttisl S FHAS

10 and can thereby further improve user throughput,
[0077] <Setting method 1-2>
Although a case has been described in setting method ! whereby
setting section 211 divides the SC-FDMA signal by the number of
clusters corresponding 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, setting 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 equalization
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 g difference in equalized channel gain (power difference and amplitude
difference, and phase difference when there is a channel estimation

error) at combining points (discoatinuous points) of a plurality of
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medium, high).Base station 100 reports frequency resource information including spectrum
division information (e.g. the number of clusters: 2) and the determined cluster pattern (cluster
spacing) to terminal 200. 5[0082]Division section 212 of setting section 211 of terminal 200
divides the SC-FDMA signal (spectrum) inputted from DFT section 210 into two clusters
according to the spectrum division information (here, the number of clusters: 2). Furthermore,

mapping segtien 21301 setting sectior 24k wapsithe twe elysters ta discintiheaifs feequency
10 resources according to the cluster pattern (cluster spacing) determined bé scheduler 112.
That is, mappiagsectidh 21 3smaps tedpiutditycor elestars ¢ phirdhs 6f discbRtMdous

frequency resources in accordanclr%\tfvith 2 cIu%ter pattre[{g] V\iig’} abnarrowerl%lysstgg s&%cing for a
inthe

higher mod@iftion! fsvetintficatdd MES'SET tha? i Set ih the 15signal transmitted by the

terminal [QQ83IWhen, for example. the-modulatiopschamsqis QPRSI (medulation level: low),

scheduler 112 detérmines a cluster pattern (cluster spacing) so that the cluster spacing
becomes Wit s Shown in GIGIBA. Mappingseetion 213ithermmdpsithéaivé cIglis of
cluster #0 20 and cluster #1 generated hy dividi e SC-I{Z}PI}/IA si%n?l f%p%CtQj'g}?al?y division
section 212481 koM it HE EXHGHRCoMintBuL fregutney TaSolitcaS 'separatédapart by the

frequency, §aﬁ?s‘§m9t§ﬁ°‘%9 inthe glusterpattern: As.shawp; in F1G BAmR £ SE-FPMAI signal
having a wide frequency ‘spacing between cluster #0 and cluster #1 is generated. 25 [0084]
On the othecChandyvher thé) modulatior: schemeds 64-QAM (mddetatior: levekohighs
scheduler 112 determines a cluster pattern (cluster spacing) so that the clusterasipacing

becomes Tart6RRIEE Shawnh it FIE BBT ASUREIAHF S BB Mkphing §5¢tiSR%13%hen maps
two elyisters, of cluster 40 and cluster 41 genarated by dividing the SGrFRMAsignal ¢spectrum)
by division section 212 to discontinuous frequency resources separated away by the frequency
spacing shaw@#er cluster spacing for a higher modulation level indicated in the
MCS set that is set in the signal fransmitted by terminal 200.
[00801 Hereinafter, this will be described more specifically. Here,
suppose the number of clusters is 2 (ciuster #0 and cluster #1 shown in
15 F1G.8A and FIG.8B). 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. Turthermore, as
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 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,
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5 the cluster pattern. As shown in FIG.8B, a C-SC-FDMA signal having a wide frequency
spacing between cluster 40 and cluster #1 is thereby generated. [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
(mOdU'a“?rﬂeﬁ‘?D&fPe11@%.9”\'\")-fk%@@%‘ﬂh%fﬂ thegpodwation levek inlaw madwatien scheme:
QPSK) as shown in F1G.9A, the frequency spacing between cluster 40 and 15 cluster #1 is
wide and thédfrequency eondiation hetiveen ¢lusters ish6nrTHasnasshoWrtimFIG.8A, the
difference in equalized channel gain is large at the combining Eo'nsf (discontinuou [t)oint) of the
clusters. Oh HESHE RAnd WABR the! PBdaRticHIE Rartgh aéc RoWh ifFRIG BB
(modulatiop schemey £4 QAM), the frequency spacing between cluster 20 #0 and cluster 41 is
narrow and the frequency correlation between the clusters is high. Thus, as shown in F1G.9B,
the differeiees in eqpalizad channslgain is shakatithescombinidg poit (diseortinddds point) of
the clusters. That is, as shown in FIG.9A and FIG.9B, the higher the modulation Ieved, the
lower is tHE Gifferetice § dqutiZed 8RahhEP BEFSY éPﬂ%‘@gﬂBﬁﬁh&E&nﬁ%ﬁ’s‘&%rﬁ%uous
point) of the clusters.Thus, the higher th dulation leval, SS,I r due to
discontinlfiltlﬁoalt%}m% (C:%)i}r% ?h?n%%BS%‘%’s“é:%%r%p%gp ur‘gglip'&}%(t)1‘a élﬁ%t%éjr%. ﬁf&ig{]%?ﬁfséﬁr%h the
modulatiop levelis thigher, thaksisreobustnessuagainsiorST (allppialye kSTipis I6Wer,dhe cluster
spacing of the C-SC-FDMA signal is narrowed. As with setting method 1-1 (when the number
of clusters i3 tiagusea ahis2akBane porsiblEctF HEgLee 131 WithtHE TLSE-EPIASSiGhal. [0088]

On the other hand, when the modulation level is lower, that is. robustness against Jod
(alloyvgabler?é%ufg egsreaé:tce?f?ﬁ%“’c&%tﬁ%ﬁl‘éﬁ%oﬁ Etihté3 C- C-FDSMAS%igna?ljs Widehed. This

makes it ppssible ta igprave thefeagueney sivetsity affect Tesultingfrane mapping acplurality of
10 clusters to frequency resources separated further from each other. However, when the
modulationlleveris [o6wer thd spdtifig bétwdish ChisEFS nakifg Upithe CESEUEBMA'Signal is

widened, and th refore,.?ﬁ shown in, FIG.9A, %E‘ﬁhdiaﬁ%ra%@%%vié‘re%%l%?% chcazg ejﬁgja'%p at the

combining OHEIEERTiHLEUS Boit) BF the Eitiatard Bacomes greater 15 &hatl%s, 151
increases), ;Hpwevessinggothe lawer ithe sedulatiomlevel( thesgreaten is yobustiiess against

IS! (allowabf:e ISO, the influence of 1ST on transmission characteristics is less.
15 signal transmitted by the terminal.
[0083] When, for example, the modulation scheme 1s 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 moduiation scheme is 64 QAM

{modulation level: high), scheduler 112 determines a cluster pattern

(cluster spacing) so that the cluster spacing becomes narrower as shown



[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 theyG-H6-FDMA RSwignal fatasiaw madulation level (oreater.allvahladST), the
terminal can improve the frequency diversity effect. Thus, according to the present setting
method, ag withrsettifigahettrod £41, irid pessible tof improve aisér throughipdi ag ealh terminal

while maintaining the effect of improving system. throughput by C-SC-FDMA (that is, by
clustering the'SEFDMANIGHEH F e%vﬁ%ﬂﬁbo% ﬁgfé%n%%ews. G881 Fufttermore,

the present setting,methag determines dhe,cluster,5 Raging accqrdipgcie themadulation level,

and can thereby reduce ISI. Thus, as with setting method 1-1, when AMC control is used, the
base 3tatitr: ddtermingst e ctustet spacing: accoidingto 4h€ +Hodtilation lenlednticomgrols ISI,
and can thereby estimate instantaneous ISI beforehand, For this reason, the base station
selects arf atetitatEIEE SertRACOREINYS TH IO st &Gudte deivig qlikity (8Y=°Y
instantan%%% 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 ugerghfougbput. P09 1]< Setting method 113> ASACehiding tei the: praésent: setting
method, setting section 211 divides the SC-FDMA signal by the number of clusters (the

number of dRiSidrig) adebrting t6 testdingisile) (sdel biddk S ekt a eBt2eDRIA signal.
Lo, seasfiagrsn e i el s o 0 L ergygpechs
the coding size i Hie Jovvesisciha eaditia gain (aroerrol cartecting (eapacity)oohisiarss against
ISI (allowable 1SI) becomes smaller.
QPSK) or FIG.9B (modulation scheme: 64 QAM]).
[0086] When the modulation level is low (modulation scheme: QPSK)
as shown in FI1G.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 poeint) 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 FIG.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. 9B, 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 is ISI generated due to

discontinuity at the combining points among a plurality of clusters.

L)
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[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. [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-FDMAwsignalriransmities betheoteiminah(os the smiallerdhethumberobbalioeated RBs),
the less is 151. [0095] Thus, according to the present setting method setting section 211
divides thezsignal (SC-FBNIvsibhall i hctbrdaree with e céstés pattethiigth af sritler
number of clusters (the number. of clusters per certain unit bandwidth) for a smaller coding size
(for a smal Féi’fr}%ér’%lﬁic%flgﬁobsat%%rﬁﬁvﬁ(‘get inthe g%naﬁtetﬁgr%s%ﬁ[eﬁcf %yqtﬁstla tgﬁ%ﬁal. That is,
schedulet 12 determines a clustar patiees indicating agmallgraidmaber of @usters for a
smaller coding size set in the signal transmitted by terminal 200. As in the case of allocation
methéd 1vlitbketting s&€tidi214 mayalso divide the signal (5C-FDMA signal) in accordance

with a 15 cluster pattern with a wider cluster size for a smaller coding size set in the signal
transmitted b5Athe Qﬁﬁ?ﬁ%lc’@’r&foi‘%@m%ﬁ erlhﬁ%bglrogf%ﬁto@é]téavﬁgs%. 056 f-{j]éar%frsl’after, this

will be degetibed more spacifieallyHese a3 shewniin G0, @ case wilt he described where a

coding size (large, 20 medium, small) (or the number of allocated RBs (high, medium, low)) is
used. Furthermdr€ -ICRVG\ 10 Arant d 4G d EBs $uppbisies amalGS setfeobingt ratenanevmodula ion
level) set in a C-SC-FDMA signal is fixed. [0097l Scheduler 112 reduces tﬂ%nrmberfof
clusters (Hiflehs B Bistdl $i78) Hs the Eod HY PR dErBhsBERNB L the n Mt &F allbcated 25

RBs,ecomes smallen 10 bemere.seseific; as.gaenndn filen 20, sehedularillgdetermines a

cluster pattern that matches the number of clusters (high, medium, low) (or cluster size
(narrow, meaigrn \wide) p raacterdingdiol shir coding size (large:, médiusnasmall)iorthernumber of
allocated RBs (high, medium, Iow)é. Base station 100 then reports spectrum djvision

d

informatioH WiefidiAtpHHE BeR e uSBNbAE ah & nUHBRF Bf ARSEIST6 YEstet size) and

frequencysﬁ%sﬁ%lfrq(%, FIG.9A, the difference in equalized channel gain at the
combining peint {discontinuous point) of the clusters becomes greater
15 (that is, IS1 increases). However, since the lower the modulation level,
the greater is robustness against ISI (allowable ISI), 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 fevel (lower allowable ISI), the terminal can reduce
IS1. Furthermore, by widening the cluster spacing of the C-SC-FDMA

signal for a low modulation level (greater allowable 1SI), the terminal

)
Lh

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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5information to terminal 200. [0098] When, for example, the coding size is large (the number
of allocated RBs is high), scheduler 112 determines a cluster pattern (the number of clusters or
cluster size) as shown in FIG. 11A such that the number of clusters increases (six clusters 40
to 45 in FIG.11A), that is, 10 the cluster size per cluster becomes narrower as with setting
method -1 (FIG.5A). On the other hand, when the coding size is small (when the number of
allocated; RBsoisdowde sehasiler i 12 determiresitne lclubtde pattarm{tie ke Gi<¢lusters or
cluster size) such that the number of clusters decreases (two clusters Qach 41 in FIG.1113),

that is, thefclime size sasbies iR EY siwh if 182 148 A8Rith setting Mot -1
(FIG.5B). goo ivision section 212 of setting segtian 2% divides. am SC-FDMA signal
(spectrurﬁ 'T?n%)%] 5&%@%‘%&‘6? %?&%é)rén I%gtgéd on the number of1 clusters (or cluster size)
indicated ifthe; clustgs patiesne2Qishowen in FiG:ibA erdii( A IBicFhaiiss dhdsion gettion 212
divides the signal in accordance with a cluster pattern with a smaller number of ci ters (or

widef clustercsize)sforcadmaller dudlimg Se erinake! siyhal tranShsiEed by e tetminal (for a
smaller number of allocated RBs). Mapping, section 21, plurality of clustars to 25
discontinddiis fr@ﬁﬁ%ﬂgysreet lonLﬁ*c%lse%é%;g %ﬁ Wg}j@&eg\l\égggéﬁt@ information. [0100] Thus,
when the goding size is,smaller {when thgsumbee of rallagated RBsisdsrhailern), Ithatlis, when
robustness against 1ST (allowable I1SO is lower, the number of clusters of the C-SC-FDMA
signal is rediiced (orlth&sdluster side isanidenet Bs \With SeEHg Fathdd 1 PEITHE #8duces the
number of discontinuous points of a fluctuation 5 of the equalize |.gain.im

combined §igi&i in" HAEP s R 110 S HE Lan tireby ré ggéa %Wﬁ%&% %?és%li A signal.
[0103] Furthermate. whenthe &qding size is:larges (Whetthemumbes of Rijosated RBs is

higher), that is, when robustness against ISI
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>

According to the present setfing method, setting section 211

—
N

divides the SC-FDMA signal by the number of clusters (the number of

divisions) according to a coding size (code biock size) sef in a

C-SC-FDMA signal.

[00921 Since the greater the coding size, the higher is the coding gain
20 (or error correcting capacity), robustness against ISI (allowable ISI)

increases. In other words, since the smaller the coding size, the lower

is the coding gain (or error correcting capacity). robustness against IS1

(allowable ISI) becomes smaller.

[0093] Furthermore, assuming that the coding rate and modulation
25  leve! with respect to a signal are fixed, the smalier the coding size, the

narrower is the bandwidth allocated to the signal in the frequency

domain, that is, the number of allocated RBs decreases.



(allowable 1SI) 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 influepggoafjallqwabledkST s[A1072] Thusoaceondipg: te ibel present setiingrmethad, even
when the terminal divides the SC-FDMA signal by the number of clusters (the number of

divisions)&ccorfinttoFthdicbdmgreize (or thermlifber ofcdnsteied RB&hat i HHsS5E to

improve user throughput at each 20teyminal while, maintaining, the effect of.i g system
thro_ughpL?t"r_YS}BCf}S%_‘:‘- bf\}ff&t(tﬂ‘éet i%fnbayﬂgllus ering ?ﬁ%%&%& élngr{glﬁ n% %Eg%ﬁe?rﬁv{?r%at the
coding sizejs As With Setting meghad 4-1. {81031 <Setting:methadki-4x Accordieg to the
present setﬁng method, setting section 211 25maps a plurality of clusters making up a
C-SCGFDMAosigrdl BBfsegtienéysresolifdes with a cluster spacing corresponding to a coding

size (the number of allocated RBs) set in a C-SC-FDMA signal. . [0104]That is, a ding to th
present sefhty methbids:saffit] Se&idh 219 MEFEY Sighal tsts Aslsﬁétﬁgﬁ {5 gﬁp Er;}%y (Z)f °
discontinupus frequenqy [esQUIges 4 aeenrdance With ahCluIeF RalterRvith a cluster

pattern with a smaller number of clusters (the number of clusters per
certain unit bandwidth) for a smaller coding size (for a smaller number
10 of allocated RBs) set in the signal transmitted by the terminal. That is,
scheduler 112 determines a cluster pattern indicating a smaller number
of clusters for a smaller coding size set 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 smaller coding size set in
the signal transmitted by the terminal (or for a smaller number 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, iow))
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 aliocated

D
N

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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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
described more specifically. Here, 10 suppose the number of clusters is 2 (cluster 40 and

cluster 41)as with setfingemeathogk1s2- Furthesnere daswithoseltingometrod drxd ¢ 16G.10), a
case will be described as shown in FIG. 12 where the coding size (large, medium, small) (or
the numbet! of alfotakdts RBsghigh adeeium, o)) is Bt FarthermBre, if EIGSP3A AN

FIG.13B, suppose the 15MCS set (coding rate and modulation level) set in a C-SG-FDMA
signal is fﬁ?éi(‘ft[ﬁ}f%?’é’éﬁ}é’dhliél? F‘ﬁ”“ RGeSy o8 %etre c cﬁ?lt(g%rsﬁze (for a

P HAPOWE 2 GIlister spading for a sma
smaller nymberof allocatgd RBS).FO e morgs specificeas showe in iGed2, seheduter 112
determines a cluster pattern that 20 matches the cluster spacing (wide, medium, narrow)
accoingi tddhe wodingosizerflarge 2Medium, small) (or the number of allocated RBs (high,
medium, Iow)% Base station 100 then reports freé]uenc resource infczrmatiolﬂijjrgcludoi?g

spectrum @iEidn infRatih (&5 TR SutiBer of Qdstars: 27 didthe detefmined cluster
pattern (clysfer, 29sRagINg) 19; terming) 200 {0107 \Wheprfar-examnle: dhe sading gige is large

(the number of allocated RBs is high), scheduler 112 determines a cluster pattern (cluster
spacing) siihithatcthe tlustes spacingtbecomeasavidéras:showninlFKS s¥8A abakifth setting

method 1-2 (FIG.8A). On the other hand, when the coding size is sp ?#Ig E?nﬁpetnumber of
allocated RERE S HaR) USEHEINEFFT5 HEWEF LA i esy é&ttg} cfu \{\(/ar spadingy’

10  the cluster size per cluster becomes narrower as with setting method
1-1 (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 clusters decreases (two ciusters #0 and #1 in FIG. 118}, that

i3 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 patters 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 freguency resource
information.

[0100] Thus. when the coding size is smaller (when the number of



5such that the cluster spacing becomes narrower as shown in FIG.13B as with setting method
- 1-2 (FIG.813). [0108] Division section 212 of setting section 211 then divides an SC-FDMA
signal (spectrum) into two clusters of cluster 40 and cluster 41 as shown in FIG.13A or
FIG.13B based on spectrum division 10 information (here, the number of clusters: 2).
Furthermore, mapping section 213 of setting section 211 maps the two clusters of cluster 40
and clustgi 41l to.disgomtinyous freauency:esourseswiased @b aschuster spacing indicated in
the cluster pattern as shown in FIG.I3A or FIG.13B. That is. mapping section 213 maps the
plurality ofedlusteis ¢o & 15 islutalityrof discantintous fredueiicy réothees in acchitfdhce with a

cluster pattern with a narrower cluster spacing for a smaller. codin izsee llex, pgmber of
allocated RB}'sER fif Ui %éf}fréﬁgrﬁ#;?é%ew igﬁ% fér%@%l.e[&ﬁé] “ﬁﬁ?}s wﬁggnt%léqgc?cﬁng size is

smaller (the;numpgr of.allocated 20 RBs:is smallennthat is: whem robustnesscagainst 1ST

(allowable 1ST) is lower, the cluster spacing of the C-SC-FDMA signal is narrowed as with
setting methdeklegudtivsd thedfreglency corretatiombitadeheslabiord gaere BHEWESN cluster 40

and cluster 41) becomes higher. Since a fluctuation of ualized channel gain at combining
points 75 {8 CHRIMRIBEE pofftYs of cilidtars @é%élmg%%t@ééf?estﬁ%ﬂs, the difference in

equalizedichannel gainipagomes smalla). |Shud e C15GaFLMAmgRal Ican be reduced.
er

[0110] Fu ore, when the coding size is larger (the number of allocated RBs is higher),
that is, robystagss agdinstikS Tyaliowable 18Mtisikighdrether spashng of clgsters nialkking up a
C-SC-FDMA signal is widened as with setting method. 1-2. Alt_hough h|s8baéjée1§[t) }{requency
correlatioh BEanasheciisters (ard chethbse BB 20 BRY HEEE! #1)to become lower

(fluctyation, of the equalized ehapnel gain,al;cambiping ROULS {diSGERUUANE RAIIS O Clusters

becomes (Sj]t%%%c), by performing error correcting decoding with a large coding size, it is
possible tq improwe; thesaequaney wivebsityodfféttanditherebypobtain af 10|&rget eatitlg gain
while suppressing the influence of allowable ISI. , : .
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 aliowable [SI.
[0102] Thus, according to the present setting method, even when the
terminal divides the SC-FDMA signal by the number of clusters (the
number of divisions) according io the coding size (or the number of
allocated RBs), it is possible to improve user throughput at each
20 termina! while maintaining the effect of improving system throughput
by C-SC-FDMA (that is, by clustering the SC-FDMA signal) ne 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 ina C-SC-FDMA signal.



[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-FDIVIA (by clustering an
SC-FDMA signal) no matter what the coding size is as with setting method 1-2. [0112]<Setting
method 1rhrAgeorging ta theprasent settingimethock satting section &hb @0 ditides an
SC-FDM£ signal by the number of clusters (the number of divisions) according to a coding rate
indicated dncaih/IC $isetthat isetipnalC-SC-HOMMsigharal 012 3PWRHIALT bf tHe same
coding size, longer encoded data is generated.as the coding rate decr. is, the lower
the codinf'65%AtH 1RE highaH & the 'Sodihg gain (& Ce?ggra 88%@%%%%:&32%%,Eagr%tﬂr‘%bustness

against 1S} {allowaple, \&) thergby inpreasesdn stharwerds, singesthe higher theatding rate,
the lower is the coding gain (or error correcting capacity), and robustness against Sl
(allowable 1St ptherdbyltecreaksdsBi0144] Thus, aetetdirRptontHéaskeseribsetiny Hethod,
setting section 211 divides a signal (SC-FDMA signal) jn accordance with a cluster pattern with
a smaller hifibé? of WHSHEHE fthd Hunflidr BPddstefs 641%535%1%%}% Baﬁgﬁ‘a(ﬁﬁ%f%r a higher

coding rafe indicated jp.an MGS set that is sehin the signakiransmitiedhy thesiaeminal. That is,
scheduler 112 determines a cluster pattern indicating a smaller number of clusters for a higher
coding rateuindieatetad dhetMCBRset thati is $et 1Qir tHeasigmal tednsmited iy tettifinal 200.

Setting section 211 may also divide a signal (SC-FD Adsi%na!% in accg rdﬁ? ce V\ii#h a cluster
pattern with ' WideFenRRt$ie f8ra BigheP odfiig Yot inditttedhRthe fMC'S set that is set in

the signal transmitted by, ihe erminal,as.ith allacation mesheddL A L51Hereinafter, this will

he described more specifically.Here, as shown in FIG. 14, a case will be described where the
coding rate:{iows medism, high) Buwsedrkurthermerneh suppose the lvodlihgsizé @nid modulation
level (modulation scheme) are fixed here. . . .
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,
fow)) is used. Furthermore, in FIG.13A and FIG.13B, 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 spacing for a smalier coding
size (for a smalier number of allocated RBs). To be more specific, as
shown in FIG.12, scheduler 112 determines a cluster pattern that
20 matches the cluster spacing (wide, medium, narrow) according to the
coding size (large, medium, small) (or the number of allocated RBs
(high, medium, low)). Base station 100 then reports frequency
resource information including spectrum division information (e.g. the
number of clusters: 2) and the determined cluster patiern (cluster
25  spacing) to terminal 200.
[0107] When, for example, the coding gize is large (the number of

allocated RBs is high), schedulér 112 determines a cluster pattern
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[0116]Scheduler 112 reduces the number of clusters (widens the 20cluster size) for a higher
coding rate. To be more specific, as shown in FIG. 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 glystes patter) @hernumben of alisters prclustér sipep toverninat 200.wn
[0117]When, for example, the coding rate is low, scheduler 112 determines a cluster pattern

(the numberEifclisters ow dlbstet $ive)Batkthat the Piiinber of distEts IRLIRRSEY that is, the

cluster size per cluster becomes narrower as with setting methogh-1:3 (F1G. 1185 Onsthe other
hand, wh&% e @6diryf Hafe i 3igh’ ssé%aé?cliruz?grhffz gtenrmxﬁ\hecs 5 a cluster Sattern (the number

of clusters, 91 glustensize)-such thalthemumabes of clusters siecreases; that ispthendluister size
becomes wider as with setting method 1-3 (F1G.1113). [0118]Division section 212 of setting

sect 521k dividés arhSCHEDMAS sigriale(drecman)IATECSALIRNEMEuters Bdsél &h the 10

number of clusters (or cluster sizg) EF&;C?EO' in the cluster pattern. That is, division section 212
divides th&$fgaaltiliacRsHaAcE ith & cldster pattern with a smaller number of clusters (or a

wider clug ie) for.ahigher. codingxate indicateddnshe MES set thahisisetdathensignal
transmitted by the terminal. Mapping section 213 of setting 15section 211 then maps a plurality

of clusters to Histoatifigaus freguency resdarces asett bh fegliesiey resaite iHfSfation.
[01.19] Th#ls’ t;.)é rigg(\:aif?lg !E:I;le Q%@?gk()fo%!us}’?tle{}%%féh%e(lzs_ég -EPI\@%ectrum division
10 information (here, 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 FIG.13A or FIG.13B.
That is, mapping section 213 maps the pluratity 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 robusiness against IS] (allowable IST) 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, beiween 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 is, the

difference in equalized channel gain becomes smaller), ISI with the

C-SC-FDMA signal can be reduced.

40



signal (or widening the cluster size) for a higher coding rate, that is, smaller robustness against
1ST (allowable I1SO, it is possible to reduce 20ISI with the C-SC-FDMA signal as with setting
method I-1. [0120] 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 1SI) and by performing error correcting decoding with a low coding rate as with
setting metnad 25 iyt isRossibigde impravaiine freguency diversinh effecihilect
suppressing the influence of allowable ISI. [0121] Thus, according to the present setting
method, eNéncwienRis terhiipad divides e SOIFDMIS sigast Py the (RHABEYSF diasters (the

number of divisions) that matches tl?eﬁ: odin}% rate, it is possib@_@dm%%/g user tqrqyghput for
e g

each ternihd&hiE haintHAMY the efidtt's m%ﬁ%ivlirﬁ% §Vstény throughput by €-SC-FDMA (by

clustering,an SGDMA sighal) e mattgewhat the coding ratevistasiwith saiiing method 1-1.
[0122] Furthermore, the present setting method determines the number of clusters (size)

accordlingitedhemodingrrate; and batwtherebiusoritsol ISEeTHuE Wehen AMEG tohtrol i€ used as
with setting method 1-1, the 10 base statign determine?]t e numbler oé cll}llsters (sizel)
1zed ¢ 1MNgar

according & tHE doting rafs ARG dERtFOIS H81C R Canthé Péhy EtindSte nstahtaneous LSI
beforehang. For this reason, thedbase, sialignsplettsa aceuiateMES satcapgsponding to

instantaneous receiving quality (e.g. instantaneous SINR) with the influence of instantaneous
ISI taken intopaecotminandriscan thereby réducdi the winnbel ofzetradsmissions dalised by
transmission errors and further improve user throughput. .
possible to improve the frequency diversity effect and thereby obtain a
10 large coding gain while suppressing the influence of allowabie ISI.
[06111] 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.
f0112] <Setting method 1-5>
According te the present setting method, setting section 21l
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 lower the coding
25  rate, the higher is the coding gain (or error correcting capacity), and
robustness against ISI (allowable ISI) thereby increases. In other

words, since the higher the coding rate, the lower is the coding gain (or
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[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 70frequency 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

accordange, with, @&%@E@{ﬁp%‘gs% 125yvithya naypowalGlIsien sRAcing fosadvighes coding rate

indicated in an MCS set that is set in the signal transmitted by the terminal.That is, scheduler
112 determine$ a dkuster pattern indicating a narrower cluster spacing for a higher coding rate

indicated in the MCS set that is set in the signal tra itted by termjinal 200. [0125]Hereinafter,
this will bé Helstribeldforé SpBcially. Fié‘?ré?@lﬁ‘ﬁBg;g{Hg%ﬁ%%%%? %ﬁféf&%[ i ‘étl]af’él?/\cﬁlr]na -
setting moftipdy} 25, Lriiemmpres s SeUng Metod st (Fiecl )i case wilkbe

described as shown in FIG.15 where the coding rate (low, medium, high) is used. Furthermore,

suppadse thetoading isize:and atled ulatiobeleve] ate fixed higre.number of clusters per
certain unit bandwidth) 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 patiern indicating a smaller number
of clusters for a higher coding rate indicated in the MCS set that is set

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 {01157 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 mere specific, as shown
in FIG.14, scheduler 112 determines a cluster patfern 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 inciuding 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



[0126] Scheduler 112 narrows the cluster spacing for a higher coding 10 rate. To be more
specific, as shown in FIG.15, scheduler 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 spectrum division information (e.g. the number of clusters: 2) and frequency
resource information including the 15determined cluster pattern (cluster spacing) to terminal
200. [0127} \Whemdforexample, thacedingiata isdow, sdheduses:312 detersnimestasgiuster
pattern (cluster spacing) such that the cluster spacing becomes wider as with setting method
1-4 (FIG.18A). Oatthbeothen hane whanithe topiRgske 1EHigh, SEReHURFL %R mines 20a

cluster pattern (cl¥ster S acin%) so that the. cluster spacing becomes parrqwar,as \wth setting

method 14YFfG. P5ES 1161 281D

iVision Section 212 0 ‘Setting section 211 divides the SC-FDMA

signal (spggirym) inip, ApIvrality afclusters based om speckenadivisian informationes
Furthermore, mapping section 213 of 75 setting section 211 maps the plurality of clusters to
discomtinuousufsaguenty resohrces passdodncaslsterSpaldinlF indigateduRttHd tuttér pattern.

That is, mapping section 213 maps the plurality of clusters to a plurality of dis¢gntinuous
frequency tE886GFcRS ﬁ%”a?&%srcg;‘??% %ﬁﬁ’ay%‘?ﬁs}tlse’r tpgaettgt}ﬁ With Sé%’a%%wé? cluster spacing for a

higher CO%@&@?&% in dhessignal arsmitted by the terminal. [0129]Thus, the cluster spacing
of the C-SC-FDMA signal is 5 narrowed for a higher coding rate, that is, smaller robustness

against L$0 (aligwabliz 180y andsdt isctherdby pobsibiet to redged 25T With thie TSCEDMA
signal as \Elayl(t?ersggdlrJ]ﬁ? Q?ge;g?d(g-];%'ctrum) 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 signal 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 setting
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 setting method 1-1.
[0120] Furthermore, by increasing the number of clusters of the
C-SC-FDMA signal (narrowing the cluster size) for a Jower coding rate,
that is, high robustness against ISI (allowable IS1) and by performing

error correcting decoding with a low coding rate as with setting method

i-1, it is possible to improve the frequency diversity effect while

o)
h

suppressing the influence of allowable 151

{0121] Thus, according to the present setting method, even when the



[0130] Furthermore, by widening the spacing of clusters making up the C-SC-FDMA signal for
a lower coding rate, that is, greater 10 robustness against ISI (allowable I1SI) and performing
error correcting 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 IS!.
[0131]Thus, according to the present setting method, even when the 15 terminal maps a
plurality qr. glusters n, frequencygesowees at ancluser spacinghthat nfatdhesstie Oading rate, it
is possible to improve user throughput for each terminal while maintaining the effect of
improving system dfirdighputby C:SCHFDMAYb\relUEing dAISCIEDMARXIGTLS 8 matter
what the coding rate is as with setting method 1-2. 29 L%ﬁ%] lgulr'mg{g]gre,tﬁ%ee%%%@nt setting
method d@bHifel 3 LILULIRF 8PRENG ARG 18 e chding Yate. and can thereby control ISI.
Thus, as with geting method 12, whenAME aoptroliscusephine basestaiieni dgtesmines a
cluster spacing according to the coding rate, controls ISI. and can thereby estimate
instantangous IS befarehandn @5rEhus, thkdaskestatidinseksdts &h atctirafe MET Set
corresponding to instantaneous receiving quality (e.g. instantaneous SINR) with the influence
of instantgﬁ‘égaé 1S'T taken into account, and can thereby reduce the number of
re”ansmiﬁﬁk%a Caz‘s‘-éﬁ%@%&%%@_s'ﬂﬁ%% LIPS AR SUHheT I BEQVEISeE threughputr[0133]
Methods of setting a cluster arrangement 1-1 to 1-6 have been described so far. 5[0134]Thus,
accordingto ¢he presest-embodimenty the teemindl divides the SCaRDMASIGna® (Spelctrum)
into a plurality of clusters in accordance with a cluster pattern that mathles thlq J[\/Iq,}?eset
(modulatibhllevdhesdini ¢ate) ¥Mcoaing Sizs g mahaHa SRiaRE Bréfiiters to
discoptingous frequencydesaurces-Tis iawe the termindl faises an dorarianggmget of the
plurality o cidsters in the %requency omain according to the difference in robustness against
ISI (allowable 431} per ransoYssing psrameter: T hiisy degardingate the presentembddiment,
when dividing the SC-FDMA signal into a plurality of clusters and mappin theﬁk’@@y of
clusters tddfscontntioud Redliehcy Hamds b arase sVéH Wheh GRIRg E-SEEBMA it s possible

to improve transmission characteristies for dfferent terminals inwhich difierentirapsmission
parameter§ afe dérand Improve usert rouguhput while maintaining the effect of improving
system thegughpul {9138]Inthe present embadiment.base station 100 mayseta 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 ciuster 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

with a narrower cluster spacing for a higher coding rate indicated 1n an

]
L

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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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-FD1VIA signal (a plurality of clusters). Hereinafter, an example where base station 100

sets a thrs&?&lﬂéﬁ@&dﬂﬁgﬂgﬁ% geclusterpattenn wilkhg, descrbed wsingnkiGs 16 taiF1G.19.
In FIG. 16to FIG. 19. B, (i=0, 1, ...) is a bandwidth (cluster size) per cluster and shows, for

example, th ¢nifgmaim faanchiidtd gminemuim dli€iér size) defined per transmission parameter in
a range separated by a threshold and holds the rela}tior}irr}ig 13,:9.812. Fqgtherrﬁ%rl%, B', (i=0,
31, ...) shbe almaiirtimadiaétet B5ading derifkd PeP thraissidis pPataheter in'a fange

separated by a tgret%i&olg&% holds the relationship [9136]5ar %@mpie,}@@gg)atat]iom 100 may

set a threshold in the modulation level and thereby determine a cluster pattern. For example,
10 assshowitinerien 16A sbase statien 130 mayhset al tireshild I asitocseparaiél bétween a
plurality of modulation levels by a certain ra?i%‘e of modulatign level, c%['gpare modulation level

(A) set in €&t tRpMiRAl WithtRe Hrddlbld arth BEteffHing W Sunfder 6PNusBFE (X5 To be
e st s PRREBNEn 0 IFIRIIESIbe UL ofutd Eysielin o be @

when modUfation’level (A) is BPSK 10 OPS etermines the humber of clusters X to be 3
when modggiatioft demels@his 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 whehthdallafor trdrea) IS TREOAM 16 256AN . 5 CTRATR i FE 1640 4k ed

numper of clusters.is determined for a.certain range of modulation:level,]0137] Furfhermore,
as sﬁ%wnri?ﬁt?hethzré’ 110 Ffﬁ(ﬂ%B?%%slglgfat%sn 1%8 rﬁlaylalso set a threshold per modulation

level and getamupperdinitehthe nunaber af alustecsuper spadidationlevel. ired example, as
narrow) that matches the coding rate (low, medium, high). DBase
station 100 then reports spectrum division information (e.g. the number
of clusters: 2) and frequency resource information including the

15  determined cluster pattern (cluster spacing) to terminal 200,
[0127] When, for example, the coding rate is fow, scheduler 112
determines a cluster pattern (cluster spacing) such that the cluster
spacing becomes wider as with setting method 1-4 (FIG.13A). Osn
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).
I0128] Division section 212 of setting section 211 divides the
SC-FDMA signal (spectrum) into a plurality of clusters based on
spectrum division information. Furthermore, mapping section 213 of

setting section 211 maps the plurality of clusters to discontinuous

]
o

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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25 shown in method 1 in FIG.I6B. 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 whose upper limit is the number of clusters X=2 when modulation level
(A) is 16 QAM. The same applies to QPSK and 64 QAM as well. This allows setting section
211 of each terminal to set the number of clusters so as to prevent NI greater than allowable

LSI per modylation » level il @eeyuing: fuithermara, as shawnaise ethac 2vint16. 168,
base station 100 may also set a lower limit and upper limit to the number of clusters X per

modulatiori levet. Fortexample zas stiowsirs ethod P i FIG A 6B BHsE stafighe100e
determines the number of clusters wit iEyaiEange of when modulation level (A) is BPSK 10 and
in‘a

determine$ tHE AlFnBiE 6t SaSErd Wi tange 0f 17.¢.XC when modulation level (A) is 16

QAM. Thigoallows sefling segtion 214, of egglitaimipal ta,enly set theynamberofaslusiers X
corresponding to user throughput of a certain value or greater including a maximum value as
showh in FiG:3A@r F6G.3B1iEbrtherdone, baise statiors 160 :5limits this rastge @fahe humber of
clusters Xéger modulation level, and can thereby reduce tﬁe numb%{lof rep, rtint%bi s to report

the numb&? bl @higisre %, [§15spRArtetnols B sREWH T FIG. 16 at]

Base stitioh 100 may set

a threshold %E%%on RARAS betwean & plyrality. of spodulation levels for 20 every certain

range of mo eveland set cluster size (Y) for every range of modulation level.
According ta pigthoelit: ine FHG 26 Gy yaswidtbnmethod 1sin Fi@G 16 B, dase statiok 100 determines
one cluster size Y whose lower limit corresponds to a minimum cluster size (Bo. B1, B3 shown

in method h&in I8 AEONSfindd 18} elRfy Farlge¥st 28MbRIFHSH et AE shEWH iH method 1
In i1 66, {91 BESK 0 OREHUMIGH ISALINGR RYING BANOIRYAL o iatigndevelthat s,
when allowable 181 s r%axmum), ase station 100 may determine an
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 IST.
[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 1mprove 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 seiting metheod 1-2.

20 [01327 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 1s used, the base
station determines a cluster spacing according to the coding rate,

controls ISI, and can thereby estimate instantaneous ISI beforehand.

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

[
A

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

influence of instantaneous ISI taken into account, and can thereby
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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 size (Y) 5
using the number of clusters (X), as shown in FIG.] 6D, base station 100 may set a threshold
per modulation level, set the number of clusters Xa per modulation level and calculate cluster
size Y. HergwXe @z0ndmder -0 8 S @41smbesi agsigaesetonevenyangs ofimoesdulationt level
separated by a threshold) represents the number of clusters set for 10 every range (a) of
modulatioht télvet. Pupthermorer Brrepisits a total bandwidth used for a C-SC-FDMA signall

(that is, the sum of respective cluster sizes). To be more specific, in FIG. tation 100
uses the rg%gb%gr o}\/@fﬁ%?edr% %{gss%tt Péi %S%ﬁgﬁfoﬁrlléi\?éﬁetg%&tlﬁi..t. tﬁ%&%ﬁ?ﬁ% Ester size
Y=B/X" sgt.it.thgsmadulgtion level. 15101401Furthermore, as shown in FIG.16E, base station
100 may also set a threshold so as to separate between a plurality of modulation levels for
everyscer{dih¥ahge Bhmodatatiod legeltandiset eigseay sgachig {(Z)efor ety rarmgenst
modulation_level. In FIG.16E, base ,stagié)l?‘ 100 _detegmir%es clu terlsgacir%g&uvsvtr%orgeigpper limit
s 8 20 AT hIstol SpRAN (D BHSE5 B ShBWin i 161

shown'in %) or every range of

modulation, leyel, As.Shown.in G 16FforBRIK i0QRSKwhighds a sange bavieg A minimum

modulation level, base station 100 may set an arbitrary value for cluster spacing Z.
[0141]Furtbesnored asewithe 1 Gr 164t FIGA6Enbase stationh 100 #hdy sdt el titeshokl for a
coding size and determine a cluster pattern. For exampli as shown in FIg.l?A, base station

100 may SeESHHIEIHON 56 984D SepaTatE Hotwedr ColInG Eiz88%dF BUEN citain rihge of
codifg iz, SOMRRIG cading: o1z M) el Ingachigiunalwith e dyesheld andgiermine
C

the number of Clusters (X). To be more specific, in FIG.17A. base station 100 determines the
number ofelustersgXitothe I frenrcadimgrsizeshh is 10Q dits 0f $dss: ndvdeterhihes the number
of clusters X to be 2 when coding size N is 101 bits or more and 500 bits or, less. The same

applies to'a%eH4e! iihere RYAMG Sre NIBE0146RSSH RS0l A 10000 Bits BPRS BHE & case

where coding 2iz¢ N %31%0%@@&%% [01A2) Fustheumgie, as shownin, File 148 base

station 100 may set uster size (Y) for every range of coding size. According to method 1 in
FIG.17B, aswith methogh drinl G 16Ty hase statien dithdeterniings one dhastéy.sizetY whose
lower limit corresponds to a minimum cluster size (Bo, B1, B2, B3 shown in method 1 in

FIG 17B) Hefitetnforievery iande St coang sizé AcBErdihd ad tndthea ein FRGRYES When
coding I's size N is 1001 bits or more Qa_e tation 100 determipg.an atbitrary; yalue for
. ferTstiCe drﬁo 2120, éﬁhr%_ TGV +afl ALk A
cluster sizé ??—Luretﬁérﬁﬁare?ésé own in met 108 2in FIG.1713, base station 100 may set a
lower limit-angHpRes linpit of clusten sizeoY for averitrangepaf: coditlg size ms withgmiéthod 2 in

FIG. 16C. 20[0143] Furthermore, when base station 100 calculates cluster size (Y)

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 threshoid and

determines a cluster pattern will be described using FiG.16 to F1(.19.
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using the number of clusters (X), as with FIG. 6D, 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, .. nis a number assigned for every range of coding size separated by a 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 sizg (@791l 20 -FhElusStensize ¥=1B/X" satfar theceding sizevis ealsidajegsis shown
in FIG.17C, in a range in which coding size N is 1001 bits or more, base station 100 may
determine lantarbitrary walee for Bluster sizely. [014airEuriermapd vas holdh it BIE17D, base
station 100 may set cluster spacing (éZ) for‘eve% range 01; c}pgjjlng ;j,eil%ed Ir% g'%g—%%b%fﬁ with
FIG.16E, B4SE°station 166 BEteRRINEEE BILSS PG Whose Upper limit corresponds to a
maximum, clyster spacing (8,0 B'hcBr3 ishaymeinF G/ D), forewery range, obcoding, size. As
shown in 10 FIG.17D, for a range in which coding size (N) is 1001 bits or more, base station
100 rpay set an)adiitrary value:fdrcluster spacingn@)i0 145 Pedh@enoféa BSWitk F1G.16A to
FIG.16E, base station 100 may set a threshold for a coding rate and determine a cluster
pattern. FOHERFhple as Wﬂsﬁpﬁfét.i%,&?baaégr faﬁoogr‘ii I%éj‘ é‘e@ds %Feé rgaléll $6°15as to
separate e%en]coding rates for every certain range of coding rate, compare coding rate (R)
set in each términal with the threshold and determine the number of clusters (X). To be more
specific, iNRIG L8A; basexsiation 10sdetenvimes thé numbereof eludtersitd be 4tihen
coding rate R is 1/3 or below and determines the number of 20 clusters >éto be 3 Wllﬂlen coding
S

rate R is gredisiathan 1934t §/5061 Btot 1 HE Linfe ST HS pi 5 Bicase Whera &Bding rate R

is greater than 1/2 and %fﬁﬁg;gﬂovxa%@d A£35E Wherecoding rate R dsiyeates thanig/3. [0146]

Furthermore, as shown in .18B, base station 100 may set 75 cluster size (Y) for every
range of ceginenratecAceording to:methed indrlG1i8B as withbmethod thin FGE6T, base
station 100 determines one cluster size Y whose lower limit corresponds tg a minimulm cluster
size (Bo, B, d¥2a BansHeval inchiethiod 18 B 1 8B) ‘definedorslely gk b EIRY rate. In

FIC. 188, when goding.rale 3 18 14301, below, base s1aieD. 109 miak set anarbitgyypalue for

cluster size' Urthermore, according to method 2 in FIG.18B, as with method 2 in FIG.16C,
an upper linit ang & lgwer;limit of clustes sizesYaarensetfordveryniange of codingerate

[01471When base station 100 calculates cluster__size (Y) usin/g the \

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 fo 64 QAM and determines the number
of clusters X to be 1 when modulation level (A) is 1280Q0AM 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 wupper limit is the number of clusters X=4 when

modulation level (A) is BPSK and determines the number of clusters
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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 cluster size (Y). Here, X,
(r=0, 1. 2, .... ris 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 glstars per Sehilb fon eyerymangeofdadingrate {raded, 2odulasisnolkrdsh FIG.18C.

for a range where coding rate R is 100 bits or less, base station 1682 r’%%yﬁlet an arRitrary value
for clustet/izésy 1 o128 NEurtHermsrer asismdifs inorie 8D, 58sd ta db' may also set

cluster s%gjcjng g ,‘fvor ever}i Jag&%i%ﬁ]cggyv%}hgageg@ ﬁg,gnjrga, as 20 with RIGRE, base

station 100 HetdMRines BliSter spacing ose upper limit is a maximum cluster spacing
(B'0, B'i, B1,2y Bs3shewpuin, FIG:A8D3 forevuesy nangeadfoeding rate.ps shotur dti FG.18D, in
a range where coding rate (R) is 1/3 or below, base station 100 may set an arbitrary value for
clustér spasielg f(Z)m26§0 148 RurthBrHdR accase had buEn Be8&iPRY i tﬁe%%égr%’

embodiment where base station 100 determines a cluster pattarn, (the number of clysters,
cluster si?8% &@f@ﬁsgggna}agc@c%&n‘aeﬁo %hzo‘raﬁ%ﬁﬁé%otn level, %gdirng rate or coding size.

However, in the present invention. base Siadios 400vmay aise detanpine aschistempattern by
combining a plurality of transmission parameters (modulation level, coding rate and ¢oding

size). Formxample? base Bt&tiohBLOG may 86 SrdetBimite & BiRgsr PattePA By &bnMining the

modulation level and coding rate, that s, gccording to a S set. When, for exaraple, AMC
control is ﬁé@a%&éﬁth% ﬁ%‘&ﬁléﬁo%?&e egn oﬁqun h:vel { ﬁ, WR

<d W
an codPng rate are simultanéously controlled,

bas qstatiaor?dlg%)t%%_‘ﬁlren.s“Ittfi‘E‘erﬂHﬁ%‘EOQFQh[%Qb'ﬁstn@%@gadnﬁetrﬂg%Td}au&edﬂy batmthe
ulation level and coding 10 rate. For example, as shown in FIG. 19A, base station 100
may determide theaunber afclusters (R)of.cadh MaE eatexpidaseddsyitie fdddihtion level

and coding rate, determine cluster size (Y) for each MCS set as shown in FCI)
determineeRsteEpacthd {Z9 TV esfch Mt S BB scfl\:flov(?nulsﬁeﬁ& oC. P Ry 2

user throughput of a certain value or greater including a maximum
value as shown in FIG.3A or FIG.3B. TFurthermore, base station 100
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.
10138} Furthermore. as shown in FIG.16C, base station 100 may set a
threshold so as to separate beiween a plurality of modulation levels for
20 every certain range of modulation Jevel and set cluster size (Y) for
every range of modulation level. According to method I in FIG.16C,
as with method 1 in FIG.16B, base station 100 determines one cluster
size ¥V whose lower limit corresponds to a minimum ciuster size (Bg, By,
B,, B; 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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15[0150]Furthermore, although a case has been described in FIG.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 codewords (coding unit, codevvord: CW) in the

frequency, damain as shoyw in fdG:2Qand transmits the eedevvands i base statidr? 100, base
station 100 may determine a cluster pattern for each CW transmitted from terminal 200. Here,

when CVi#t #LGoIGW 75 #(Wh Lpaté eduliplexetCn e fisquensy dbmidirahdirdhéflitted as

shown in FIG.20, terminal 200 divides the CW into a plurality of usters thrugh the division
section p}b‘%?i{:}e?iffﬁlr‘@é% T n%fefrseec}ugoﬁcﬁy%rﬁjltfﬁlg%gsogﬁns%g% per CW through the

mapping seetign. [@153] Furthermarenwaer differentitransmission satessate wsed@mong a
plurality of CWs, terminal 200 may decrease the number of clusters (widen the cluster size) or

narrow thesehistérspasingriof & QWenaviNg. 25 Higher trafdifidsiBn Pats siatnsréby set an

arrangement of a plurality of clusters making up the CW_in the frequency domaip.For a higher
transmissToRrafe, totiishtedd é’ﬁéiﬁé?[g%k?th%%ﬁaglbé;?ﬁrér%eagél ) rué?fit ﬁ: possiblé to

reduce IS} by increasing the,number o clusiers (widaningdhe clusiee sike) forCWsith high
transmission rates or 10 narrowing the cluster spacing, and increase robustness against ISl in

consequence.al his makasribpossilestoefurthver improvertraasmidsiorednaratteridtes for each
CW according to the transmission rate and further improve t ansm%'s%if)n rates of apOQV?is that

is, throughPRETEF fertiindl thEeTRAIEY GG S 151D 153 FibiRS hore, & case has been
des‘fg{ﬂbed i\'}‘Ft%er%ﬁaegiie L empadimant where.hase station 100 deterrpinasanelustespattern (the
clusters, clu [

number o ter size or cluster spacing) and reports the cluster pattern to terminal
200. Howgyghindhe psesentr-inventanFiaseistation! 10Banay, rdposuonly fregiesEy Fesource

information to .
cluster sizes). To be more specific, in FIG.16D, base station 100 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 F1G.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’¢. B*y, B’2, B3 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, base
station 100 may set an arbitrary vaiue 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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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 spaging taken iptQ &eGAHRE JQ teminal 200 Al be: Faake: spenific; hask:steiion 100
(scheduler 112 of base station 100) may perform scheduling and thereby perform allocation
processingof alooating atfrequendyeband tduerminaP200 shovita maxmiiti SINR iifa certain
frequency band gubcarrier).Base station 100 repeated| rforms the above location
processing i bffferdvic fregBEASy ]o%%(ﬁ@%?ﬁﬁlfﬁ&geﬁg e, ?Oagecﬁocation of

yep%r orms ﬁequency resource a
a C-SC-FPMA sighal made up of & plrality of clusters.Base-statian 100 them reposts

frequency resource information indicating the frequency resource allocation result of the
C-SG-FDMAssigaak ofoteérenina 200 to derminade200; Bade dtétonr 100 E0%adomérbias the
above described frequency resource allocation prqgcessing.on ter.minjgrls ogl'be]r lbhag ;[)erminal

200. ThisII&i§ basd S4B 100t SRR SIBEAIS S sy dbey réSources for all

terminals located | L 2f base stalion 109 Furihgrmosg; ferginah20 may map an
SC-l?l)I\ﬁ%?g?g%% aﬂé:%(ﬁ%r%g to the frequency 185band indicatlefin the frequency resource

informatiaft rgpeted from base station 100 Thus, terminal 200 divides the SC-FDMA signal
into a plurality of clusters in accordance with a cluste%pattern corres_pondinPg to transmission

parametef§ bt sigrithariafitted by Beviering Gl %aﬁ%st_ﬁesb"lﬁfr%fﬁt)}_ 9) chiéter¥to
O TS By e A S e sl minoseof
in FIG.17B, as with method 1 in FIG.16C, base station 100 determines
one cluster size ¥ whose lower limit corresponds to a minimum cluster
size (Bg, By, By, B3 shown in method 1 in FIG.17B) defined for every

range of coding size. According to method 1 in F1G.17B, when coding

size N is 1001 bits or more, base station 100 may determine an

,_.
h

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
F1G.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 a

25 threshold) represents the number of clusters set for every range (n) of
coding size. To be more specific, in FIG.17C, as with FI1G.16D, using

the number of clusters X, set for every range of coding size (n=0, I, 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 o the same time apdihg same figaygacy Jeseprees.and spatialiy saultiphexing the
respective streams (a plurality of different data signal sequences are transmitted using a
Splurality of streamsy.I[0156] When aarsgk indextindicatihg a spatial rultiplekifgtaumber (or
the number of signals separated on the receiving side) jncreases jn MIMO transmission, the
umber oPSgal B35/ ALHGEE (4yef thit BAR B mAIGBIEAEH (phs el BAreRTsTIoHy i the
space dorpain 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 Fidé4anditherieforedS, fromsaccentain [By6r 1612, different daiyer, thidt s,al5idetween
layers increases. [0157]Furthermore, when a channel through which each layer 15propagates

has frequeHEy Sel BaIF Vi, 1S T6F catH TayaPiearh §eABASHERH C-SC POMARs @&scribed in
Embodimentyd- fRLoFL g hafelara.uinen thegankindes ereask 0.2 shanae haying.
frequency selectivity, this causes ISI between layers that may affect signal separation in the
space domgii tol incicasertepeddca d STzdbetweern layers, thectermirtalpreéfaraily.reduces
1ST per layer as the .

B’y shown in FIG.17D) for every range of coding size. As shown in

10 FIG.17D, for a range in which coding size (N} is 1001 bits or more,
base station 100 may set an arbitrary value for cluster spacing (Z).
[0145) Furthermore, as with FIG.16A to FIG.16E, base station 100

mav set a threshold for a coding rate and determine a cluster patiern.

For example, as shown in FIG.18A, base station 100 sets a threshoid so

Lh

as to separate between coding rates for every certain range of coding
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 ig 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

]
h

cluster size (Y) for every range of coding rate. According to methed !
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



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 transmission and maps the plurality of clusters to discontinuous frequency
domains [0159]Hereinafter, this will be described more specifically.FIG.21 shows a

configuration qfgermina30Gacanrding fo ihasesentemmdiment cFenmina 360 dsyprovided
with M antennas (antennas 201-1 to 201-M) that transmit CWs (aﬁzluralitq of clusters) using M
streams 5E01B0bEurdermones terhingl 806 B, provited itk C2ST DMK hric&&iy sections

301-1 to 301-N corresponding in number to rank index N, made. up of1 o] ipg sectiop 207,
modulatidif&&ctioh' 108, Hg tipiéRing Sectidn 52%@,]”6&% s‘fédcpt?llgn 40 and division section 212.

Furthermerg, termipal 3905 Rrovided withansmission progessing k@ seations 303-1 to
303-M corresponding in number to antennas 201-1 to 201-M, made up of mapping section
213, FFFTFS6Ction 214, GR énsentivnasettiohn 248 dnitadfotapsmitting Secisns216°Thus,
terminal 300 is provided with setting section 211 made up of N division sections 212 and M
mapping §8EHBAEPASESRAGHSIES N and M 15satisfy a relationship of N<M.

[0161]C- 9_1%9?%@599%@@%&@99@ 014110 BOLN.apnly; PEogessing similar ie-that of

coding section 207 to division section 212 of Embodiment 1 to their respective inputted
transmissinmdit seguences (CVW fands théreby geneiatd BCSGFDVA dighals ta prasality

‘station 100 may set the number of clusters X, for every range of coding
10 rate and calculate cluster size (Y). Here, X, {(r=0, 1, 2, ... T 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 FI1G.18D, as
20 with FIG.16F, base station 100 determines cluster spacing (Z) whose
upper limit is a maximum cluster spacing (B, B*;, B’,2, B’; shown in
FIG.18D) for every range of coding rate. As shown in FIG.18D, in =
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 determines a cluster pattern (the

number of clusters, cluster size or cluster spacing) according to the

tn
[8]



2_Oof clusters). C-SC-FDMA processing sections 301-1 to 301-N output the C-SC-FDMA
S|gngls generated to precoding section 302. [0162]Precoding section 302 receives a precoding
matrix (or precoding weight) from control section 206Here, 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 2@f,may Galculatel eaeld precoding matdxnlgased on thewaumben inlgécateddntthe
precoding information [0163]Precoding section 302 multiplies the C-SC-FDMA signals inputted
from C-ST-FONAprcsssitigseatidhd 3081 fd 01K By Yepctild Hréc8aig Malrixes.

O ST R B Fams araen
sections 3031} {0,303 MBRBYing size). For example, base station 100 may also
5 determine z cluster pattern by combining the modulation ievel and
coding rate, that is, according to an MCS set. When, for example,
AMC control is used whereby the modulation level and coding rate arc
simultaneously controiled, base station 100 can simultaneously control
robustness against ISI caused by both the moduiation 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 FI1G. 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 {01511 Furthermore, in the present embodiment when terminal 200
multiplexes a plurality of codewords (coding unit, codeword: CW) in
the frequency domain as shown in F1G.20 and transmits the codewords
to 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 fransmitted as
shown in FIG.20, terminal 200 divides the CW into a plurality of

clusters through the division section provided for each CW and



processing similar to that of mapping section 213 to radio transmitting section 216 of
Embodiment 1 to the respectively inputted precoded 10C-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 cl usters in 15 accordance with a cluster pattern

inputted frong candiohseatipn 206 cthat iss a etuster patterhcdreesponding tocar? MCS set that is
set in a signal transmitted by the terminal, coding size or the rank index during MIMO

gan;]missg]@hfﬁﬁid rﬁéﬁ@ﬁf@ﬁl’iﬁraﬁf%ﬁ it {otHIcHnTIdUS HEG TR FésBTTEes 20[0166]
n the other hand, a s | t.sh t [ i
embodimént 1&&?5%% 3 8%9&@%1%3?;’]5%1@21%29 la%?eﬁt@l%ea%%@&g dp Basasont

nes a cluster patter SC-FDMA signal from each terminal

according {p; aeM&Sset {modulation deved anch eading satg)sehin the CST-FDIMA signal from
each termlnal, coding size or the rank index during MIMO transmission 250f each terminal.The
base statioit heportsith ideterminet endsterepalsrhcio Badi TRREIRANf0267 NEXE HHethods of

setting a clyster arrange - - . .
g oy clusters ma Elngt %pl%gg(/ﬁ‘ﬁyin 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 robusiness against IST in
consequence. This makes it possible to further improve transmission
characteristics for each CW according to the transmission rate and
further improve transmission rates of all CWs that is, throughput per
terminal (user throughput).

15 [G153] 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 mayv 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 patiern (the aumber of
clusters, claster 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



setting section 211 (division sections 212 and mapping sections 213) of terminal 300 will be
described in detail. [0168]In the following descriptions, the number of antennas (the number of
streams) is assumed to be 4 and terminal 300 is provided 5 with antennas 201-1 to 201-4.
Furthermore, suppose the number of 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 segtion 313 (division seetion RL® andynapping sedtioh: P13) apie¢bding section
302, IFFT section 214 and 10antenna 201 are illustrated as shown in FIG.23A agﬂd FIG.23B,

for example.fEonexdinpie,i imFIS S3AHAd FRE. 2880 taFHihal300 58 r8vied With four mapping

sections 213 and IFFT sections 214 corresponding i aumber, to the u f antennas of 4
and is al§8“b?c‘)@?dea%tﬁiﬁ’ﬂ“ﬁ%c?io}ﬁé}ﬁfbgghgé E%ligolrl? rsgectiong 212 1 cor?gsponding in

number tgsgpgcgqp}%mwx (e dhesrank indexn?2 iRz 231, the:rénknindedi &4 intH10G:23B).
Here, when the number of CWs simultaneously transmitted by terminal 300 is smaller than the
rank indexl anehthennpmbes Oh CWsds maiie thaH theynDAMSSr BTG HRAMEYa8 SASHATIn

FIG.23B, terminal 300 is provided with (the rank 20.index/th r S| (gerial
parallel coFRAEIEIEN) SEEHBASThE e@ﬁ‘%d’uﬁaﬁoé%e@ﬁ%l&rg{ﬁ’ ?ﬁu%ﬁ%ﬁ% section 209 of

terminal 390 shawn in F|G 21, The (P seclion convers eashrserallyspuited W o parallel,
divides the converted CWs into a plurality of layers ((the rank index/the number of CWSs)

layers), whetehyaai pluralitycZ5i of. GWs tme rrapped€60as harydaybirasaks ivHEn the

number of CVV's, the rank index and the number of streams are the;same, terminah, 300 may
apply DFf ppécédaMdtatid abisibneprottdsiny’td LA&HEW and” then map each CW to each

qu_e .0[Olg?é0<8ettipgnrggth %7-6},3“ . H%glggig@sem@wﬂg}mem@@;settiag@@ﬁien 211
divides thé 3C-EDMA signal in accordance with a cluster pattern with a smaller number of

clusters (¢ acwiden glusiet sizehtas achigher hank indexddri@MIMD raridhiigsioh? 9170]
Hereinafter, t.his will be described more specifically. fﬂeé% & v resources for all
station 100 to schedule allocation "o q )
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 fregquency resource information reported from
base station 100. Thus, terminal 200 divides the SC-FDMA signal into
a plurality of clasters 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  technigues 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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case will be described as shown in FIG.22 where the rank index (low. 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, clustey; 45 §ize (hariowiimediupopidal) acoprding torthenraniaindexa¢ewhanedium, high)
as shown in FIG.22. [0172] Division section 212 of setting section 211 divides the CW in
accordancetivitht seclester satern duifs & SHhaNleroRurifer TFefustele (ot Hwidsr GB%er size) for
a higher rank index. To be more specific, 20 when the r i % X.J I index: 2 in
FIC.23%), (ORIBH SIS ZED Mo B B ABTCch (e Furhber of lyerars
FIG.23A) Su g}mpgti gg; e pummbey of Clustersipsreasas foue Clustersad@id ¥8dnuEiGg28A), that is,
the cluster size per cluster becomes narrower. On the other hand, when the rank index is large
(the rank iridextidyin 25tFR@&123B), division section 212 divides the CW of each layer (the

number of layers: 4 in FIG.23A) such that the number of clusters dec ( ters 40
and 41 in/BIE 2BB)MAsk i e UL ?Xsi%rég jécomesd ﬁ%ﬁ.afoﬁg]%f %éz%rigégngggve, the

higher the rank index, that js. dhe.greates he intesfergace-befwaensayer srihe dowetis the
number of discontinuous points’in a fluctuation of the equalized channel gain in a combined

signal in edchilayersasin thie casé ofrsstting méthozhil 156RErSEHinaNE 15 THat ist¥ince 1ST
occurring at combining points (discontinuous %oin S) of&lgsters can be reduced as tpe rank

index increased | BECH thy@r Rl Pe TSP AN DY réddsa “Hhat domeid 181 per Tayer is
reduged a,the rankindex ncreages;itiis.pessible £, 1 Bredues bk causrd by aigertain layer
with anotherﬁayer’ (ISI between .
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, 1S between layers increases.

[0157] Furthermore. when a channel through which each layer

[—
th

propagates has frequency selectivity. 1$1 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 ISI between layers that may affect
signal separation in the space domain to increase. To reduce ISI
20 between layers, the terminal preferably reduces 1ST per layer as the
rank index increases during MIMO transmission as with Embodiment 1.
Thus, the terminal according to the present embodiment divides a CwW
(codeword) which is an SC-FDMA signal into 2 plurality of clusters in
accordance with a cluster pattern corresponding 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.21
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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 traggssrissian, dhgMEesenbsetiyny reetiod capgnpravesusal shraugtiput foreach terminal
while 20 maintaining the effect of improving system throughput by C-SC-FDMA no matter what
the rank ingiy i rasnwith Settimg: metHtt 131 wPEisgdimsRt M [0175) LSettity fidthod 2-7>

According to the present setting method, setting section 211 25 maps a pl raIétM f glusters to
frequenc&%s?duf@eg%é 80Fg§ CRARRA S cﬁgtger(ﬁaﬁe%av&i]{ a ﬂqacrf%f\;/%fs luster spacing for a

higher rank index during MIMO transmission. [0176] Hereinafter, this will be described more
specifically. Here, a case will be described as shown in FIG.24 where the rank index (low,
medigm, high)) is usad:FunhermorerassHow ih FIGBA ided FIGR5E; stippokethe number

of clusters of a C-SC-FDMA signal is 2. 5Fl¢rt rmore, su C%se thne MCS set (coding rate and
modulatiotF FFeh 8 i 8L EOWF and'cddifly 3176 Aré FKEaPOA7 A EThe Schedtiler of the base

station nariqws tﬁ? Cllllﬂe?&%r %.%accg@gcoding section 207, modulation section 208,

multiplexing section 209, DFT section 210 and division 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
2061-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. Furthermore, 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-5C-FDMA signals (a plurality
20 of 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  station (not shown) te 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



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) 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, 10, beimare. 4o spegificy wheaithe riank ingdexs is small (the rank index: 2 in
F1G.25A), mapping section 213 maps a plurality of clusters mapped to each layer (the number
of layers: @ 16 FIG. 254} tdl fraqueméioresdliices 86 inkethe BustePSpading Heé Swider. On

the other hand, when the rank index js large (the rank index: 4 in F1G.25B), mapping, section
21370 méﬁ%‘l&%ﬁ‘urfan&%f%ﬁ&éfﬁﬁﬁfﬁpp%%@% 1% LS 208 1aReing

0 each Iasfér @ne number o?layers: 4 in"FIG.25A)

to frequengy 1eSQUECES.SQ dhak the.GiHster spacibgibegorses srarTowen 9 Lidkhus;ithe higher
the rank index that is, the greater the interference between layers, the higher is the frequency

correfation 25 hintive €R SPIEFRitY ofscustisrs making: sp CVEtraiswhted th egchiiyer as with
setting method 1-2 of Embodiment 1. It is possible to make a fluctuation of the equalized

channel g3 2t EombintgPHiAR {distttuous points) of a plurality of clusters more
moderate foy &righ%&&%@%qiﬁ@%in gashlaygr (that is, fiffesence in equatized chapnel gain

can be reduced), and thereby reduce 1Sl perlayer. That is, as with setting method 2-1, 1ST
per layer isreedycar forraihigher tank Sindex@ng itis:thereBy possible ¢ot redeee LLSE (IS|
between layers) caused by a certain layer with different layers. 90180 Acaording tg the present
setting megfoEPas With §éttﬁ@1}?ﬁ§t%ﬂnt 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 antenmas 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 patiern 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

75  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



2-1, the base station which is the receiving side can improve transmission characteristics of
each te_rminal 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
frequer]cy_ 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 Lbmaintaining the effest ofdmpraving Bystemmttypiighpeit By1G-SCIFDMA no
mat.ter what th‘e rank index is. [0181]<Setting method 2-3> According to the present
setting methodn skbftitg sébtiba dadctidesithe dathE cluster pattern (the number of clusters,

cluster size or cluster 20spacing) for CWs (SC-FDMA signal p ifferent layers durin
MIMO tra_lhoslrﬁiggiorg[.n[o ]?—?é?gilzyfa f r%ﬁé&ﬁﬁ%g%g@%ﬁéﬁ%ﬁ% gge%%%gﬁya.%He(@%supposeg
the rank ingdex,is: 2, As Showryin FIGa6A« ftwe CV)s{CWe Al iand GW 42) peWidtds mapped

to Iayer. 40 and CW 42 is mapped to 25layer 41 [0183] The scheduler of the base station

deteriinesithe samenclutérl -1 to 201-4. Furthermore, suppose the number of
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

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

26 index/the number of CWs) S/P (serial parallel conversion) sections
hetween 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

jayers ((the rank index/the number of CWs) layers), whereby a plurality

I~
i

of CWs are mapped to as many lavers 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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pattern for CWs (CW 41 and CW #2 shown in FIG.26A) mapped to different layers (layer 40
and layer 41 shown in FIG.26A) in terminal 300. [01841Division section 212 of setting section
211 divides CWs mapped to different layers by the same number of clusters or the same
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 example, division section 212

divides beth CW.mappediy layeL4f angkE&W 42 mapped to layer #1 into four clusters 40 to 43
as shown in F1G.26B. 10[0185] Furthermore, mapping section 213 of setting section 211

maps CW$ (& plurality of etustersadividéé by division section 212) mapped to the different

layers to frequency resources with the same cluster spacing in accordance with a gluster
pattern (cluster s‘é’aé#@)pr’éeﬁ(?i‘féosﬁ%h’il%hg’ﬁéﬁs%ggtast%%P%o%ee%é{ﬁwnpléﬁ%%%é] Ssé:glt?on 213

maps 15 glustars A0 19 43,0k G WAL maRpediin haver A and wlusiens 400 A3 ehOW 42

mapped to layer 41 to the same frequency resources with the same cluster spacing as shown
in FIG.26Bu [9186]Thuspacserding to thie presarst settirig méthod, keehiiar 300 i8&8%he same
clus_te_r pattern for CWs (SC-FDMA signal) mapped to 20 different layers, which causes
statistical (HAPLCIAMES B8 i7F1RE frequency domain to become substantially the same

recoces 1L dCkibt by S L0 pouser beaen layers ol preventa the eeuronce of 1S
yers and prevents the occurrence of ISI
between layarswihereby & tayeshaving high (8l F1G.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.
[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
15  size (narrow, medium, wide}) according to the rank index (iow, 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 FIG.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 #90 1o
#3 in FIG.23A), that is, the cluster size per ciuster becomes parrower.
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 laver (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 ciuster size
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25interferes with a layer having small 1ST. [0187] According to the present setting method, the
base station can 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 1ST

become syhstantially fbe same between layers, which reduces the probability that layers in
which receiving quality considerably deteriorates will occur. The base station can improve

average fédefition sharhcteribtids ob aildayérs dndhtbiertty fisgtherd Miprove: &irdt ratc(block

error rate) characteristics of CWs. 10[0188] < etting m[g%hold ‘%%A{?is th@ccorgmgﬁhe
present setiflFmélifod" EtHG SELiBR P T Uisés the same cllster'Battern (the number of

clusters, gluster size qr clusigt spaging) Jaran S GFRMA signalds thesameeWsmapped to

different layers during M1MO transmission. 15101891Hereinafter, this will be described more
speciically here,csupposs the cank index is 4 iAs showndnof 1S p7rg of e &\Wsl(Civ 41 and

CW 42), CW 41 is mapped to two layers of layer 40 and layer 41, and &\{y 42 is ﬁgpgped to two
layers of Byer42 Bfe layer 482f0180] THESchetul8F BF the' badé station determines the same

cluster 20 pattein for.1¢ SGERNA signalieihe same G mapped tediffarantiayers (ayers

40 to 43 shown In FIG.27A) in terminal 300. To be more specific, the scheduler determines the
same clustar-pattern foe QW Lapappeslitoplayér 4o and layer ddusiidwn bRl G2 PANEA
determines the same cluster pattern for CW2 mapped to layer 42 and layer 43.§pown in
25FIG. 278 (011 [PHASIoR SetHerRES SheethRy §88ﬁén1§fie&ib‘?&e§‘th§ possible 10

10 reduce ISI caused by a certain layer with another layer (ISI hetween
layers).
[0174] Thus, the present setting method reduces ISI per layer, and can
thereby reduce 181 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 matier 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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SC-FDMA signal in the same CW mapped to different layers by the same number of clusters
(or the same cluster size) in accordance with a cluster pattern (the number of clusters or
cluster size) reported from the base station. For example, division section 212 of setting
section 211 divides CW 41 mapped to layer 40 and layer #1 as shown in FIG.27B 5into two
clusters (cluster #0, cluster 41) in each layer.Likewise, division section 212 divides CW 42

mapped g {aygr 42 and-ayes 43:as showsein G2 intorfosp elistens! (Clustbrs=4G to #3) in
each layer. [0192] Furthermore, mapping section 213 of setting section 211 maps the
SC-FDM#asigrvilin thedsamebeve sridpped 16 diferaht 1yers 1810 tEgdeAey réddlirces with

the same cluster spacing in.accordance with a cluster pattetn (cluster spacing) repgyted from
the base @%WF&léﬂg}n&e, i pingpsfgc ioh 213 maps ch Usters #0 and #1 of CW #1

mapped o [ayen#0.and laverdlasiQuwayin inke.2¢ B ta:the santaftequenayatesodrces with
the same cluster spacing. Likewise, mapping section 213 maps clusters 40 to 43 of CW #2

mapped touayer A2 andskayes 43 e sHEWh i FIGo2TBItG the 3afmaRagliEhey restllces with
the same cluster spacing. [0193] Thus, according to the present setting method, terminal 300
uses the $8mM8 8lGsteripaEtA fbr HESESFIBIIA signal in the same CW 20 mapped to different

layers an inereby causes siafstical charagteristies of I8linthe iequeneidamaindp be
substantially the same between layers for the same CW. That is, substantially the same 151
occurs in @ifferent layersie which thelsaine ©Wdssprapfed . aFhatdsyinigifdfentiayefs to which

the same CW is mapped, the magnitude of ISI eneratec\EZSpe[r Iat%er and ISI tz%twd%en layers
are substhtralR} tHE BatESTTHIS Stife THEY AR Gf TSTHEESim i

& tinorh in the'same CW.

[0194) Acgarding to,the Riesentsatting mefbadnsinge theifleraneaum, 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 13 small (the rank index: 2 in FIG.25A),
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
becomes narrower.
[0179] Thus, the higher the rank index, that is, the greater the
interference between iayers, the higher is the frequency correlation

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

make a fluctuation of the equalized channel gain at combining points



in receiving quality between layers can be reduced for the same CW, 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 1ST 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 makes it possible to improve
reception ghavasteristics fosisach GW. [Pl sSettingumetoch?s> moAccordifigrte the
present setting method, of CWs (SC-FDMA signal) mapped to different layers during MIMO
transmissionh setting Sedeon 2 1P dedraaseS iré Hurfiber BTG stRra (bR WiGEng HE Eluster size)
for CWs (SC-FDMA, signal) having a higher transmissionJat t). 196]Hereinafter,
this will b&“dBs&fibe enf@%e&%é/&if%gﬁy.ﬁ}g}ee?iyerfﬁcln%ﬁ 3 g g§5#\é|§ ?o%’i?ng %%&%Sﬁinfand
modulatiqp; processing taLe¥g using differant MG S sefsHaribedrespective §iMs rpekforms link
adaptation in the space domain, and thereby transmit a plurality of CWs having different
transtissiofcrates in paralléhitthe spece demfain 2B For Blafiple, Betass as 8l in FIG.28
will be described where a tr,anlsjara?ission rate (MCS sL%t))e(ll_ow, medium, high) is used. A high
MCS set f@adi Faté: G InBHiatEh ieVer Bigh) ia'sef in CW 41 and a low MCS set (coding
rate: low, mpgigation, leved: law), isnseh i GW 42:showndmbtG.29x Rurtharmere SWd1 is
mapped to layer #0 and CW 2542 is mapped to layer 41. [0197]Of a plurality of CWs mapped
to different-layersant dsansvnittec bystershindl 300 cthecsehetiuler Of the dise SIRABIAC
determines a cluster pattern having a‘smsg;ﬁer nu;gber of.clulsterstg)vgiéjterglt{g},&e&siﬁe&) for CWs
having a MigReMHEISMISHERAHEE IES <), 5FS Sté"dpect F1G 28, the

I 1 C
e Mote"Epecific, as shown In

base station determines;a,cluster patternyibatynatches the numbey, of ustats (highemedium,
low) (or cluster sizé (narrow, medium, wide)) according to the MCS set (low, medium, high).
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.
f0i181] <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.26A, of two CWs (CW

#1 and CW #2), CW #1 is mapped to layver #0 and CW #2 is mapped to

(B
L

laver #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 1o

o4



[0198]Of the plurality of C"Ws 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 211 increases the number of clusters for CW #2

having a lgwer ME$.set {fous usters #0 ta #3 in FI&.20) thatis(naérowsithie chustelr size per
15cluster. [0199] Thus, for CWs having a higher transmission rate (MCS set), that is, CWs
more susgeptible to the influence of 1ST (CWs having lower allowable ISI), the number of

discontinuous points jn.a fluctuation of the equalized channel gaingf a gombined signal 20
decreaseS as With seHiy Hethod T2 oﬁqum %d?ﬁfe‘h‘%%. I%]?%t ereby possible to reduce 1ST

occurringr@ggggab{ram@@}ma (diseontinuosts poinds) iitnd plusdlity.cl elusterstfar Giiis having a
higher transmission rate (MCS set). [0200]Furthermore, setting section 211 increases the
number of 125 eusters (hagews the elustersize)TorbWs Hadhtg Bidwerr Hifs MiL&ish rate

(MCS set), that is, CWs less susceptible to the influence of IS! (CWs.having greater allowable
IS!). This Fﬁ&%ﬁéééh?hé‘ﬁﬂh?ﬂe?%f%?sségrnstir?doﬁgu#oﬁlhtssl b %I?#:?l%%%n gfgt'%e equalized

channel gaipjp.a comppined signal asiwiliseitinggnethogd it af Embodiment £ tha base
station, but since robustness against 1ST is high, it is possible to improve the frequency

diversity effesp in the range+df alowabletLSTaf0R01 0T hruss tHe preiseh? Be g fHethdd sets the
number of cIHsters cluster size) for CW's of different transmission rates (MCS sets), and can
thereby irfiproveé thiBE oL & ARP That is, overall throughput (user throughput) of a plurality

of Cyys c2h R& Hmpﬁ%\f?ﬁe?ﬁl 8-106RRsEAHeREe {0202] $IRtWRe: MetheeiP6>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) reporied
from the base station. For example, mapping seection 213 maps
15 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 pattern for CWs (SC-FDMA signal) mapped 1o
20 different layers, which causes statistical characteristics of ISI in the
frequency domain to become substantially the same between layers.
That is, substantially the same ISI occurs between different iavers.
This reduces the distribution of ISI power between layers and prevents
the occurrence of ISI between layers whereby a layer having high ISI
25  interferes with a layer having small ISI.
[0187] According to the present setting method, the base station can

further improve transmission characteristics when a signal separation
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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 or CWs (SC-FDMA
signal) 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 whekga ransmissipnraeahiCs set} 2R (tows riedicrhlanigh) ssused BaT§RBwn in
FIG.30. Furthermore, as with setting method 2-5, a high MCS set (_codingbr?teétpigme
modulatioheleviels high} 1E0SetSARGYITA 1 1Shdlth iAPERS. 1°8MY & 16w TREE'SEE (cbuding rate: low,

modulation level: low) is setin CW 42. Furt 4% ed t9dayes #Q%apd CW 42
is mappedt fge%?ﬁ)?elr%lﬁﬁ? e[bvz‘élg](%gzl ph r%%i]‘t?/&o %%s%%ggga%%ﬁegnt Iayei?é%and
transmitteq by terminak 390, the: scheduler ahthe hase:statione determiresSd dlaster pattern
with a narrower cluster spacing for CWs having a higher transmission rate (MC}?. et). To be
moresspeaiticyas sHownlin FIGIZ0 bite basel sration detethiFeR S Clubtsr PEYETR With a cluster

spacing (wide, medium, najrow) according to the MCS3 set (low,,omedium, high). {3205] Of the
plurality JPEWEHiEPPEd T dfferbrtiay e, %Etlt{aﬁt s%c%?oﬁ 211 n%rrows the cluster spacing for

CWs having. a.highe/.MG & set, T9-Pemare spedficy settieg seeficn 2 th marcowssthescluster
spac_ing for CW #1 having a higher MCS set as sr!own in FIG.31. On 1che other ha?d, setting
section 231 witléngdtre ahubtdrapacing forC\Wnprove 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
layers during MIMO transmission.
15 [0189] Hereinafter, this wiil 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.
f0190] 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 CWI
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.
[0191} Division section 212 of sefting section 211 divides the

SC-FDMA signal in the same CW mapped to different layers by the
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#2 having a lower MCS set. [0206] Thus, for CWs having a higher transmission rate (MCS
set), that is, for CWs more susceptible to the influence of 1ST (CWs having lower allowable
ISI), the frequency correlation among a plurality of 15 clusters making up a CW is 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 gfelusters for GWs havirg ashigbertransmissioniate (MES sedp(thatid}he
difference in equalized 20channel gain can be reduced), and thereby redﬁt\J?c? 1ST in a CW.

S

[0207] Furtherenaretteentifid sectBR 190 Hidahs the chiSir s 5 HEiRd T8RP BN haTIng & lower

transmission rate (MCS set), that is, for CWs less s ptible to the influence af 2T (CWs
having gra&ter&fib %bleile(gﬁ?( Mﬁ%ﬁ’g 1 lél?nnaéeeg 3?(3g fiuctuation of the equalized channel

gain at 2% camhining points {discontinugus paints)of se cambinech signal mbi€ abiiBipt (that is,
the difference in equalized channel gainincreases) as with setting method 1-2 of Embodiment
1, the basetstation cansmprovel ukie fréquentysdriersity éfeéb il tHa¥ahge bHEiSAble 1SI

because robustness against 1ST. is suffici high. [02Q8] ¥ efting,method
sets the c‘i&%té’r‘%é&ﬁ%b"&cﬁé d%-lg‘f io@é\ﬁyﬁ%innégd&#g%e%%t l&%mﬁ%?fﬁgg‘w CS sets), and

5 can therghy imprave;thraughryEper G\ as with setting#methed 2ib. cehat isyitis possible to
improve overall throughput (user throughput) of a plurality of CWs as a consequence [0209]

Setting mgtheds 2-HutcRfniave beary desosbeid 802fbF. fI290} PHUES tHE Prédéntéfbodiment

can obtain, effeets, SIMHA" 1040 MS%N EMRodment 4 Y ficn MMQ Frapsayssign is used.

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.27B te the same frequency resources with the
same cluster spacing.

[06193] 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 ISI occurs in
different layers to which the same C'W is mapped. That is, in different
layers to which the same CW is mapped, the magnitude of ISI generated

25 per layer and ISI between layers are substantially the same. Thus, the
magnitude of 181 becomes uniform in the same CW.

[01941 According to the present setting method, since the difference
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[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, 13, (i=0, 1, ...)
is a bandwidth (cluster size) per cluster and indicates, for example, a minimum bandwidth

(minimum cluster size) fAefingd fer @very ange serasatedduy adthashialdsanet: holds the
relationship 13Lc_13,."1. Furthermore, B', (i=0, 1, ...) represents a 20maximum cluster spacing

defined fds everyirange separated bydarthreshoidand-hélds tha fel@iDisHipthc f0212) For

example, as shown in FIG.32A, the base s{tgtion ma% also setta tQ{F%QOLQJH{O%aCQ rlasnk index,
compare HIETAHIETREXS(R1) ¥ ach ASRIIHANRIGS e tAreslidld Bnd determine the number of

clusters (X). .25, L0, ke mere speqific, [he dhase station determings thecaumbearef edusters X to
be 4 Wheﬁ the rank index Rl is 1 and determines the number of clusters X to be 3 when the

rank index Riis 2. The samempplids tow s casealera therrank indeid REIPBI6E 4. theat s, in

FIG.32A, a fixed number of clusters is set for the ranl§§i5|dex. &gglggFurth rrggr.% hown in
method 14BNt uEPe hie bhse Staforr 5} 8808 theeHoRffor Babl ranR'intex And Set an

upper limif of » 1g PHMRSIA! clusigrs X,for.each rank lndex. For axamile, asshian in

method 1 o B, the base station determines one number of clusters whose upper limit is
the numben gf Qlustars 0é=tb wherhtiiewrank index Rl is 1 and determines one number of clusters
whose upper limit is the number of clusters X=3 when the rank index Rl is 2. The same
{01957 <Setting method 2-5>
10 According to the present setting method, of CWs (SC-FDMA
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 #! and a
low MCS set {coding rate: iow, 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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10 applies to a case where the rank index is 3 or 4. Setting section 211 of each 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 each
terminal. Furthermore as shown in method 2 in FIG.32B, the base station may also set a lower

limit and gn uppek imit of the pynkerphehisiers faneaeh Mnkivder Hokaxamplajas shown
in method 2 in FIG.32B, the base station determines one number of clusters in a range of

25..-X_4 whenetheirank imdé ¥Rl 1l and de@rmiresnend riatberi6f 2d efustelrs in Brange of

2..X.1c.3 when the rank.index RI iF‘ 2. As_shlig\g/él 5%1Flt '3A15 or FlgéS.B, th%setaelilovyggpeasetting
section 2Pf JPATh RSS! B°s&PORID Sich ahtifnbEtof Atsters X that matches the user

throughput ot & certain, yalie: on 2havs includingibe snaximumvalyes Frrthermonathe base

station can reduce the number of reporting bits to 25report the number of clusters X per layer.
[0214] Furthecinarer aszshovanrinvk 16:32Cy thei Dask astatiohi nzayoalbe $é£4& tiweshotd so as to
separate between a plurality of rank indexes for every certain range of rank index and set a
cluster siZBSY)8r 8v&W-range of rank index. According to method | in FIG.32C, as with

method 1@‘1@' 325 e bgﬁ%&f | %-ﬁ'eéﬁimi@ﬁépﬁg%% clustgfpize ¥ whase lowerilimitis a
minimum cluster size (Bo, B1, B2, B3 shown in method 1 in FIG.32C) defined for every range
of rank index:iAs shiawaeisr sagthodnt inFHG 326 whenethe (ankdndek REisdt¢o 2iwhich is a

range having the lowest rank index (that is, allowable ISl is maximum), the base station may

arbitrarily &8t €0stet stz 8 e h e e fnitte, abEoPdiMP RS MBHIGH 2 ifF FIER5E  H¥ with method 2
in 1%'6-%?%%%99% it Qr?] @E@%EJWE&J the, cystersize argisgtioreveryiange of rank

index. [02 ermore, whe ase station calculates cluster Size (Y) using the number

of clusters £X)vas shawnm kG 32Rs thes basa station mayGevs thhesheld#od eachirank index,
set the number of clusters Xri 15for each rank index and calculate cluster size Y. Here, Xr,

(ri=0, I, 2,clufitiey a Higbtrasaiptsd: for EVeriiangd et tHe Pink HitER SepBFaRH by'a
threshold), jepresents,ihe BIRREr.af chisters setfor gachranicindey in,sashpngedr).
Furthermore. B represen HheFotar bandwidth E’tﬁat IS, the sum of cluster sizes) used for a
C-SC'FDMUY clusters #0 to #3 in FI1G.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 channe! gain of a combined signal
20  decreases as with setting method 1-1 of Embodiment 1. It is thereby
possible to reduce ISI 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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20 signal. To be more specific, in F1G.32D, the base station calculates cluster size Y=B/X,, set
in the rank index using the number of clusters Xr, set for each rank index (ri=0, 1, 2, ...). [0216]
Furthermore, as shown in FIG.32E, the base station may also 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 maximum cluster spacing

(B'0, B'L. B2, B shewr in kG325 Jot aach rank index: As shewn in rGe32k] iwhen the
rank index Rl is 1, the base station may set an arbitrary value for cluster spacing Z. [0217]A
case has Heemdbsgribed in thecprebent €mboetimettt ity FIG . 238 EIGPEB%hd FIG #7A where
the S/P section in terminal 300 5 converts CW from serial to parallel and thg DRI ection
performs BEPHHHRELSIAg HOWeVEs Sn'téiifial B0 5 the [SresERtmverion: the gll—"il' section
may perfqrp;PRT progessing.ona GY¥.and then the S/Bhsectionsnay,cenvest the @w from
serial to parallel as shown in FIG.23B, FIG.25B and FIG.27A. 10[0218]Furthermore, the
preseht emabadiment!isvagplicdble to both single user (SU)-MIMO transmission (that is, MIMO
transmission between a plurality of antennas of one base stat'%n and a 9'”?”}}’ of antennas of

one termih&hARd MaitisER IVMAIS MU EFHARENTEBRY thatss MIME P nshhisdioh Between a
plurality of G&%Q[j‘%%fmﬁ hage, 1ostatign.and &-phuality fh-anieanasefa plutalityf

terminals). [0219] Furthermore, a case has been described with setting methods 2-1 and 2-2 of
the present gmbedimeniiyhere aldustérpatteen i€ Beterirtined accordind td the ghnkt
index.However, the present invention can determine a cluster pattern according to the number
of (user throughput) of a plurality of CWs can be 1mproved as a
10 consequence.
[0202] <Setting method 2-6>
According te 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: low) is set in CW #2.
Furthermore, CW #1 is mapped to layer #0 and CW #2 is mapped to
25 laver #1.
[0204] Of a plurality of CWs mapped to different layers and

transmitted by terminal 300, the scheduler of the base staiicn
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2_0 spatially multiplexed CWs. This makes it possible to control the magnitude of ISI between
dlfferen'F QWS according to the number of CWs and improve transmission 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 25improve user throughput. [0220]
Furthermore, MIMO transmission using precoding has been described in the present

embodiment. biiibe presentinyemtion isalsoa applicabie tol MiMOstransmistionWithout precod
ng (that is, vyhen a precodlng matrix is assumed as a unit matrix). [0221] The embodiments of
the preséntihwentiontevetbeemdesaibeatsd FE 09991 A d4sBhaBeetPAsELfibdd in the

above embodiments where a cluster pattern is controlled acc ta.ar oding size
or rank ind&Y MdReVEr: 2% tﬁléengﬁ?t?eF ey ﬁ?eeﬁg/n}gls%su r%:e%%%rligéa 'egd&t%4g§?gﬁ¥élg ’

transmitt%%%xemggm?dwﬁ*a%,nﬂlr@@ﬁ{&r iseues elemanis (RE)er e fumberoof.RBs

bundling a_plurality of REs d_ecreases, the 10present invention may reduce the number of
clusters (wisksmtthehdlgister size) or narrow the cluster spacingThis allows effects similar to

those in the above embodiments to be thereb [
irg\g)e/n;ilg 2 [rg\e%&}Sdo m@iﬁl dlEmbYGHENt ‘1%%%%‘5‘?%%@? %O%ﬁ%ggﬁﬁgﬁgrgﬁ% g?g ﬁ%sti?:ninal

secﬁaollllegﬂil‘]lfzia(ll'&%fs the cluster spacing for CWs having a higher MCS
set. To be more specific, setting section 211 nparrows the cluster
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 a lower MCS set.
[0206] Thus, for CWs having a higher transmission rate (MCS set),
that is. for CWs more suscepiible to the influence of ISI (CWs having
lower allowable [SI). the frequency correlation among a plurality of

15  clusters making up a CW is increased as with setting method 1-2 of
Embodiment 1. This makes it possible te make more moderate a
fluctuation of the equalized channel gain at combining points
(discontinuous points) of a plurality of clusters for CWs having a
higher transmission rate (MCS set) (that is, the difference in equalized

20 channel gain can be reduced), and thereby reduce IST 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 iess
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
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Equipment)" and the base station may also be called "Node B or BS (Base Station)."
[0225]Moreover, although cases have been described with the embodiments above where
the present invention is configured by 70hardware, the present invention may be implemented
by software. [0226] Each function block employed in the description of the aforementioned
embodiment may typically be implemented as an LSI constituted by an integrated circuit.
These maybe;individual ghipssorypaitially on tetallyr coptaingdhbie waingld Thipete8tis adopted
here but this may also be referred to as "IC," "system LSI," "super LSI" or "ultra LSI"
depending bnsdiffsrinzextents bfi intedFaticn {28 AEurther, the method of circuit integration is

not limited to L SI's, and implementation using dedicated circuitry or I 05
processo{fg 194lso J&’ﬁwéﬁ%@?eﬁé}l mgﬁi{ aéture,e%%ti icgat%?\yo%(ﬁ F%%gié?l:ige%g £

Programmahle Gate.freay)oh aveconfigunable pracessas wheteconECHonstandasettings of
circuit cells within an LSI can be 5reconfigured is also possible. [0228] Further, if integrated

circuit technologyr ebmesiput te réplaceliSitsies aT85u of B dadvEféem&ht ¥ semiconductor
technology or a derivative other technology, it is natyrally als ssible tg;garky it function
block int%?éﬁoﬁué‘irfﬁ tHPsSféEh%é?oé?pﬁ%%ﬁcgﬁShayf ?%{Olg gcﬁnﬂo%%y is also ﬁgggigfe. [0229]
The disclosur %&qp{?,n&s%Iapst%@tﬁp@ﬁg@gjg@ﬂu@:2008-292653, filed on November 14, 2008,
including the s%?:)ecification, drawings and abstract is incorporated herein by reference in its

entirety. IBinclustrisleApplicability (02301 T He plesenbirmedtonrid appifcdble to a mobile
communication system or the like. , . -
[0210] " Thus, the present embodiment can obtain effects similar to
10 those in Embodiment 1 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
te 32E, B; (i=0. 1, ...) is a bandwidth (cluster size) per cluster and
indicates, for example, a2 minimum bandwidth (minimum cluster size)
defined for every range separated by a threshold and holds the
relationship Bi=Bi.. Furthermore, B"; (i=0, 1, ...) represents a
20 maximum cluster spacing defined for every range separated by a
threshold and holds the relationship B* 2B 1.
[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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CLAIMS Claim 1A radio communication terminal apparatus comprising: a transformation
section that applies discrete Fourier transform processing to a time domain symbol sequence
and generates a frequency 5domain signal; and a setting section that divides the signal
Into a plurality of clusters in accordance with a cluster pattern corresponding to a modulation
falnd coding scheme set that is set in the signal, a coding size that is set in the signal or a rank
index duringdniltiziput 40 multi-olERUR tragsmission, riiaps the plufiity3efaclustéisdd a
plurality of discontinuous frequency resources and thereby determines an arrangement of the
plurality ofwhistersfis ki fteguénhcy dovadit Ctalmi 2FhHe radio communication terminal

apparatus according to 15 claim I, wherein the settin ction divides-the sigpal i cordance
with the difistet patfeth With'8 Saliér %ﬂuo%brlgf é]]ues%égrg fcilr g%iggg' 3;r?ogol’uIgg#i%ngllgk\@/gel set in

the modulatign.and,coding sgheme setoClaion Ihhe radieconimunicatiopptariiing apparatus
according to 20 c_lalm 1, wherein the setting section divides the signal in accordance with the
clustér patiernwithea widerusaatwidithofor eale i pRirality of Guater Fora AlGHER

modulation level indicateAqi tEée dulation and coding scheme set. 25CIaj e radio
communitatths {Brsidal’ pgé ﬁ?&%c fridc?thdgs?o Sé%ﬁﬁ 1llgv%v te%?r% he é?ﬁng@égtli-c{]nﬁﬁwaaps the

plurality of Glusters,iR ALY ahdiscontinuaus fraauengyyeseurces aseording tarthe cluster
pattern with a narrower frequency spacing between the plurality of clusters for a higher

modulatiom dewe Rindicated ih dhecmothdatior: anehtoding soiiehiessethose upper limit
is the number of ciusters 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
each 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 tayer in
15  each 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
FIG.32B. the base station determines one number of clusters in a range
of 2<X<4 when the rank index RI is 1 and determines one number of
20  clusters in a range of 2<X<3 when the rank index RIis 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

sel a threshold so as to separate between a plurality of rank indexes for

=]
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5Claim 5The radio communication terminal apparatus according claim 1 wherein the setting
section divides the signal according to the cluster pattern having a smaller number of clusters
for the smaller coding size. 10Claim 6The radio communication terminal apparatus according
to claim 1, wherein the setting section divides the signal according to the cluster pattern having
a wider bandwidth per cluster for the smaller coding size. Claim 7The radio communication

terminal %Q%@ﬁﬁ%&éﬁﬁo%{@et% £laignl; wvherein dhecseftion:sestion. mans therphurality of
clusters to a plurality of discontinuous frequency resources according to the cluster pattern

with a narraveer fséquericyisgasing Betvednnthet pluradityof clusters ok 1ré€ snidller ‘éédlng size.
20 Claim 8The radio communication terminal a araéus accordln to cl?lm[ 1, wherein the

setting seRidhUivides the Signar abtorbisg t%t Elu ter Patlsh ﬁslncg 5 S hallénumber of
clusters for,a higher, cpding;tate indisatechin the.meduiationandoding schemeseti?5

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 ISI 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] Furthermore, when the base station calculates cluster size (Y)
using the number of clusters (X), as shown in FIG.32D, the base station
may sel a threshold for each rank index, set the number of clusters Xy

15 for each rank index and calculate cluster size Y., Here, X, (ri=0, 1, Z,

, i 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

20 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,; set for each rank index (ri=0, 1, 2, ...).
[0216] Furthermore, as shown in FIG32E, the base station may also
set cluster spacing (Z) for each rank index by setting a threshoid for
25  each rank index. In FIG.32E. the base station determines cluster
spacing Z whose apper limit corresponds to a maximum cluster spacing

(B*y. B'y, B'2, B"; shown in FIG.32E) for each rank index. As shown

74



Claim 9The radio communication terminal apparatus according to claim 1, wherein the setting
section divides the signal according to the cluster pattern with a wider bandwidth per cluster
for a higher coding rate indicated in the modulation and coding scheme set. Claim 10The radio
communication terminal apparatus according to claim 1, wherein the setting section maps the
plurality of clusters to a plurality of discontinuous frequency resources in accordance with the
cluster patiemnwitha narewver érequennydspaging between the plaralitynofolystars #or a higher
coding rate indicated in the modulation and coding scheme set. 10 Claim 11The radio
communigatioretarminap Spparatsis aéeerding fo claim 1, wherein the setting section divides the

signal acgaiding 1o fhe cluster,paiern Wi, g smaller,numbep Al elisterndauiie hioher rank

: @S c1].
index. ClI he'radid tommunication terminal apparatus according to claim 1, wherein the

setting segfign giyidesdhe signak iv pecordance withithesclusterpattem with enwideh bandwidth
for each of the plurality of clusters for the higher rank index. 70 Claim 13The radio

commiunicationterfiafapparatisl decordirgeto Bdirhe, WRErsHt tH sBaihgr&ttoh maps the

lurality of clusters to a
P Y 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 FI1G.23B,
FIG.25B and FIG.27A.

10 [0218] Furthermore, the present ecmbodiment 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 patiern according to the number of

20 spatially multiplexed CWs. This makes it pessible to control the
magnitude of ISI between different CWs according to the number of
CWs and improve transmission 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 usetr throughput.

[0220] Furthermore, MIMO transmission using precoding has been

described in the present embodiment, but the present invention 1s also
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plurality of discontinuous frequency resources in accordance with the cluster pattern having a
narrower frequency spacing between the 75plurality of clusters for the higher rank index. Claim
14The radio communication terminal apparatus according to claim 1, wherein the setting
section uses the same cluster pattern for the plurality of signals mapped to different layers
during the multi-input multi-output transmission. 5Claim 15The radio communication terminal
;pparatugrgﬂ@@fgﬂ@g ) g}ﬂmg(?_f wheteiisthersettirigosectiorcudés ghe saime cludter pattern for

e same signal mapped to different layers during the multi-input multi-output transmission.
10Claim 26se! Fadis\ebiima e sy teimmdPdp s ‘acco?ding to cIairFr)} 1, wherein the

setting section reduces the number of clysters for & signal having, thedughersmagyiation and
coding s _FCQé'mr]e{ set gaf: tie’ %i%n%?se%gpopej toEdié erent layers during the multi?input multi-output
transmissiQrra15

5 [0222}] A case has been described 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 calied “UE (User
Equipment)” and the base station may also be called “Node B or BS
(Base Station).”
f02251 Moreover, although cases have been described with the
embodiments above where the present invention is configured by

20 hardware, the present invention may be implemented by software,

[0226] Each function block employed 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

]
N

but this may also be referred to as “IC,” “system LS1,” “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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Claim 17The radio communication terminal apparatus according to claim 1, wherein the setting
section widens the bandwidth per cluster for a signal having the higher modulation and coding
scheme set of the signals mapped to different layers during the multi-input multi-output
20transmission. Claim 18The radio communication terminal apparatus according to claim 1,
wherein the setting section narrows the frequency spacing between the plurality of clusters for
a signal haying thedigheie 2Bmacitationianddeadingsthémeiset ofrtlye signbisurpgpped to
different layers during the multi-input multi-output transmission. Claim 19A,

radiocomBTeRREGHbEsabtAtiBAADITAFatuL d6ThpHEGR & 1 U A RIS T HiH gL ELRoh tridt
determings A pHRLRPIEIL AL AR eererdlne 9 amadhlalan ar.secipgeehistie set that
where connections and settings of circuit cells within an LSI can be
5 reconfigured is also possible.
[0228] Further, if integrated circuit technology comes out to replace
1.SI'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 technolegy.  Application of
10  biotechnology is also possible.
10229] 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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5 the signal from a radio communication terminal apparatus, a coding size that is set in the
signal or a rank index during multi-input multi-output transmission; and a reporting section
that reports the cluster pattern to the radio communication terminal apparatus. 10 Claim 20A
cluster arrangement setting method comprising: dividing a frequency domain signal
generated by applying discrete Fourier transform processing to a time domain symbol
sequence into a plurality of clusters in accardanicd svith a cluster 15 pattern corresponding to a
modulation and coding scheme set that is set in the signal, a coding size that is set in the

signal or & kiR ihdex duFiBBEAURRRBHALOD U AL ARRIGAL Bt P $H4bping the

plurality of clusters,to a plurality of discopiinyous freqenay eseurees Aed therghyrsetting an
arrangement of the paluraﬁty Oof clusters.

processing to a time domain symbol sequence and generates a frequency

5 domain signal; and
a setting section that divides the signal into a plurality of
clusters in accordance with a cluster pattern corresponding to a
modulation and coding scheme set that is set in the signal, a coding
size that is set in the signal or a rank index during multi-input
10 multi-output transmission, maps the plurality of clusters to a plurality
of discontinuous frequency resources and thereby determines an

arrangement of the piurality of clusters in a frequency domain.

Claim 2 The radio communication terminal apparatus according to
15 claim 1, wherein the setting section divides the signal in accordance
with the cluster pattern with a smaller number of clusters for a higher

modulation level set in the modulation and coding scheme set.

Claim 3 The radio communication terminal apparatus according to
20  claim 1, wherein the setting section divides the signal in accordance
with the cluster pattern with a wider bandwidth for each of the plurality
of clusters for a higher modulation level indicated in the modulation

and coding scheme set.

8]
h

Claim 4 The radio communication terminal apparatus according to
claim 1, wherein the setting section maps the plurality of clusters to a

plurality of discontinuous frequency resources according to the cluster
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pattern with a narrower frequency spacing between the plurality of
clusters for a higher modulation level indicated in the modulation and

coding scheme set,

Cilaim 5 The radio communication terminal apparatus according to
claim 1, wherein the setting section divides the signal according to the
cluster pattern having a smalier number of clusters for the smaller

coding size.

Claim 6 The radic communication terminal apparatus according to
claim 1, wherein the setting section divides the signal according to the
cluster pattern having a wider bandwidth per cluster for the smaller

coding size.

Claim 7 The radio communication terminal apparatus according to
claim 1, wherein the setting section maps the plurality of ciusters to a
plurality of discontinuous frequency resqurces according to the cluster
pattern with a narrower frequency spacing between the plurality of

clusters for the smaller coding size.

Claim 8 The radic communication terminal apparatus according to
claim 1. wherein the setting section divides the signal according to the
cluster pattern having a smaller number of clusters for a higher coding

rate indicated in the modulation and coding scheme set.

Claim 9 The radio communication terminal apparatus according 1o

claim 1, wherein the setting section divides the signal according to the
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cluster pattern with a wider bandwidth per cluster for a higher coding

rate indicated in the modulation and coding scheme set.

Claim 10 The radio communication terminal apparatus according to
claim 1, wherein the setting section maps the plurality of clusters to a
plurality of discontinuous frequency resources in accordance with the
cluster pattern with a narrower frequency spacing between the piurality
of clusters for a higher coding rate indicated in the modulation and

coding scheme set.

Claim 11 The radio communication terminal apparatus according to
claim 1, wherein the setting section divides the signal according to the
cluster pattern with a smaller number of clusters for the higher rank

index.

Ciaim 12 The radio communication terminal apparatus according to
ciaim 1, wherein the setting section divides the signal in accordance
with the cluster pattern with a wider bandwidth for each of the plurality

of clusters for the higher rank index.

Claim 13 The radic communication terminal apparatus according to
claim 1, wherein the setting section maps the plurality of clusters to a
piurality of discontinuous frequency resources in accordance with the
cluster patiern having a narrower frequency spacing between the

plurality of clusters for the higher rank index.

Claim 14 The radio communication terminal apparatus according to
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claim 1, wherein the setting section uses the same cluster pattern for
the plurality of signals mapped to different layers during the

multi-input multi-output transmission.

Claim 15 The radio communication terminal apparatus according to
claim 1, wherein the setting section uses the same cluster pattern for
the same signal mapped to different layers during the multi-input

multi-output transmission.

Claim 16 The radio communication terminal apparatus according to
claim 1, wherein the setting section reduces the number of clusters for
a signal having the higher modulation and coding scheme set of the
signals mapped to different layers during the multi-input multi-output

tfransmission.

Claim 17 The radio communication terminal apparatus according to
claim 1, wherein the setting section widens the bandwidth per cluster
for a signal having the higher modulation and coding scheme set of the
signals mapped to different layers during the multi-input multi-output

fransmission.

Claim 18 The radio communication terminal apparatus according to
claim 1, wherein the setting section narrows the frequency spacing
between the plurality of clusters for a signal having the higher
modulation and coding scheme set of the signals mapped to different

layers during the multi-input multi-output transmission.
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Claim 19 A radio communication base station  apparatus
comprising:

a determining section that determines a cluster pattern of a
signal according to a modulation and coding scheme set that is set in
the signal from a radio communication terminal apparatus, a coding
size that is set in the signal or a rank index during multi-input
multi-output transmission: and

a reporting section that reports the cluster pattern to the radio

communication terminal apparatus.

Claim 20 A cluster arrangement setting method comprising:

dividing a frequency domain signal generated by applying
discrete Fourier transform processing to a time domain symbol
sequence into a plurality of clusters in accordance with a cluster
pattern corresponding to a modulation and coding scheme set that is set
in the signal, a coding size that is set in the signal or a rank index
during multi-input multi-output transmission; and

mapping the piurality of clusters to a plurality of discontinuous
frequency resources and thereby setting an arrangement of the plurality

of clusters.
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