DESCRIPTION Title of Invention WIRELESS COMMUNICATION TERMINA
WIRELESS COMMUNICATION BASE STATION APPARATUS, AND CLUSTII_ESZPC?SNA:SF'LFJESILLATION
SETTING METHOD Technical Field [0001]The present invention relates to a radio communication
tern_unal apparatus, a radio communication base station apparatus and a 10cluster arréngement
setting method._Background Art  [0002] In 3GPP LTE (3rd Generation Partnership Project Long Term
Evolutlon),_studles are being actively carried out on the standardization 150f mobile communication
S'Fandards in order to realize low-delay and high-speed transmission. [0003]To realize low-delay and
glgvr\;;ﬁi?]ie(%transrwslsion, OFDM r(]Orthogo#i%ﬁ &?éﬁlfe%@}ﬁ)ivision Multiplexing) is adopted as a
_multiple access scheme, while SC-FDMA (Single-Carrier 20 Fr ivisi [
Access) usiny BEF{DEEBIE Bourier Transform) precodiﬁlg isgadopted as an uepg]l?nekn(clﬁ/L[))ImlSJIIct)irr]JI(I;/I utple

access schermg $EFOMA ysing RHT Rrecosing frms an ISGFRMMSIGTl BpBERBYSY spreadi
RS : i : adin

and code-multiplexing a symbol sequence using a DET matrix precodin%\matrix or Dig! sgql?ence). )

25[0004]Furtne:rMMéhStM’émiwatiBASELﬁ‘AﬂbﬁﬁéeéwﬁB‘l’%‘TUS= AXD CLUSTER

5 CONSTELLATION SETTING METHOD

Technical Field
[00011 The present invention relates 1o a radio communication
terminal apparatus, & radio communication base station apparatus and a

10 cluster arrangement seiting method.

Background Art
10002] In 3CGPP 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 adopied as a downlink
(DL) multiple access scheme, while SC-FDMA (Single-Carrier
20  Freguency Division Multiple Access) using DFT (Discrete Fourler
Transform) precoding is adoptied as an uplink (UL) multiple access
scheme. SC-FDMA using DFT precoding fozmé an SC-FDMA signal
(spectrum) by spreading and code-multiplexing a symbol sequence
using a DFT matrix (precoding matrix or DFT sequence).
25 [0004] Furthermore, standardization of LTE-Advanced (or IMT
(International Mobile Telecommunication}-Advanced) that realizes still

higher speed communication than LTE has Tbeen started.



(International Mobile Telecommunication)-Advanced) that realizes still higher speed communication
than LTE has been started. LTE-Advanced is expected to introduce a radio communication base
station apparatus (hereinafter referred to as "base station") and a radio communication terminal
apparatus (hereinafter referred to as "terminal™) capable of communicating at wideband frequencies to
5realize higher speed communication. [0005]In order to maintain single carrier characteristics (e.g. low
PAPR (Peak-to-Average Power Ratio) characteristics) of a transmission signal for realizing high
coverage on an LTE uplink, allocation of frequency resources on the uplink is limited to allocation
whereby an LUBG EDMAedigitalds maimseddn @ 15eaHSEd Inarhicr (P EHRITIBLE Hedtidicy bands.

[0006]However, when allocation.of frequency resources is limi .descrihed aboye, vacant
resources ars produées a'rﬁafl‘éf’lr?iél § %Fgaﬁ%égﬁe%%ff ?Zigo&r%é@ %Egg%%ﬂgglj (Physical Uplink Shared

CHannel)) 153nd,1he gfficiancy ef isg-0f fregpency sesonesesinithe sysimrbandidetesiorates,
resulting in deterioration of system throughput. Thus, clustered SC-FDMA (C-SC-FDMA) is proposed

as a prior artfarrimiprdvingesysten troughpotwwhersingan SCUETRIA SighaRIEAIvI88d ifito a plurality
of clusters and the plurality of clusters are mapped to 20discontinuous frequency resources (e.g. see
Non-Patént Lftarair 8y 068 7F ACCIPING 1% BL-FDMA, a base station compares the states of

availability thHSQ.‘S'?”CM{eMP% (wgﬁﬁgjgr%g{gpéwgggrblgggﬁa@&n;gta QMFQ|itLb®f up_Iinks or
channel quality information (e.g. CQI: Channel Quality Indicator) between a plurality of terminals and
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 continucus
frequency bands.
[0006]7 However, when allocation of freguency 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 sysiem 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 rescurces (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
75  the base station. The base station divides an SC-FDMA signal
(spectrum) of each terminal by an arbitrary bandwidth according to the

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

o



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 generates a plurality of clusters.The base station then allocates the plurality of clusters
generated to frequency resources of a plurality of uplinks and reports information indicating the
allocation results to the terminals. The terminal divides the SC-FDMA signal (spectrum) by an 5
arbitrary bandwidth, maps the plurality of clusters to the frequency resources of the plurality of uplinks
allocated by the base station and thereby generates a C-SC-FDMA signal. The base station applies
frequency domaineguadization (EPE)fprbeessing td titereteived @S EDMACSIHRAl tdSlurality of
clusters) and combines the plurality 10 of cl sterz after the e%ualization Qroce§sijgﬂ._Thef base station

then applies FORT V&I DREFSIE BUUIAEF T STEART BrocESSIRG o the Eombined Signal to obtain a
time domain [0008]C-SG-EDMA maps a-nluralitnel clustersie amhralivwotdiscentpusus frequency

resources, ang can thereby perform frequency 15 resource allocation among a plurality of terminals
more flexiblythan STsFDWRe Thtis; GSG«FDMAlsaf (mpioviesthegmalltisgectivarsiyeffect and can

improve the system throughput in consequence ge.g. see Non-Patent Liter%tur(rﬂ 2). 20Citation List
Non-patént Lq@ﬁf@fg[é@@gl]vwﬁaq_hl maps the plurality of clusters to the Irequency

resources of the plurality of uplinks allocated by the base station and
thereby generates a C-SC-FDMA signal. The base station applies
frequency domain egualization (FDE) processing to the received
C-SC-FDMA signal (a plurality of clusters) and combines the plurality
10 of clusiers 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
15 resource allocation among a plurality of terminals more flexibly than
SC-FDMA. Thus, C-SC-FDMA can improve the muitiuéer diversity
effect and can improve the system throughput in consequence (e.g. see

Non-Patent Literature 2).
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R1-081842, "LTE-A Proposals for evolution,” 3GPP RAN WG1 453, 25 Kansas City, MO, USA, May
5-9, 2008 NPL 2 R1-083011,"UplinkAccessSchemeforLTE-Advancedin BV]tr--COMI-1z," 3GPP RAN
WG1 #54, Jeju, Korea, August 18-22, 2008 Summary of Invention Technical Problem 5[00101To
realize higher speed communication than LTE, it is necessary to improve not only system throughput
but also user throughput per terminal on an LIE-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 w pluralitgiof tIBISEBES RuhiEHvale idappédito differant’tiscoitintrdds fBfdency 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 multipli y an FDE weight) may possibly differ significantly. Thus, the
equalized ch§Hﬁ%T§£n°r§%‘§P§§ﬁ§a||y change at combining points of the plurality of clusters (that is,
division pointssatwhish thedrrminal divides the SC-FDMA signal) That is, discontinuous points 20 are

produced in a fluctuation of the equalized channel gain at the.combiningI poi?ft&’(j?f th? plléjrality of
clusters fthatli&) Bhlvelope ofvetieptidH Sttt JoG L EMHEE Hdthtditifg the Toss of

orthogonalitythe DET marix minimalin all freqyency, bands (ihiatisnfhie s obfieauesy bands to
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 ig, the fregquency qhannei
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 _piurality of clusters are mapped)} to which the C-SC-FDMA
signal is mapped requires the fluctuation of the equalized channel gain

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



25 which the plurality of clusters are mapped) to which the C-SC-FDMA signal is mapped requires the
fluctuation of the equalized channel gain to be moderate in all frequency bands to which the plurality of
clusters are mapped. Therefore, as descried above, when discontinuous points are produced in the
fluctuation of the equalized channel gain at the combining points of the plurality of clusters, the loss of
orthogonality of the DFT matrix increases in frequency bands to which the 5C-SC-FDMA signal is
mapped. Thus, the C-SC-FDMA signal is more susceptible to the influence of interference between
codes (Inter-Symbol Interference: ISI) caused by the loss of orthogonality of the DFT matrix.
Furthermoreg s theppumbefdtchfsters {théansmberafadivisiohs bitie SEIFHMA BRIBAD increases,

the number of 10 combining points of the plurality.of clustersiggis&o&@#& sgoiﬁtsa)ti%reeases, and
therefore 1S16&uBERIBY e BsEhsr &H‘%&%Hﬁﬁty St thE GRTAfX ncreases: That Is, as the number of

clusters (the number of divisions pf the JC-HRMA signakdngreases suansmission aaaracteristics
deteriorate more S|gn|ﬁc ntly. 15[0013]Furthermore, an MCS (Modulation and channel Coding
Scheme) setdgodlinrg merans moiculdtioncessd) corrdsponeling totehakinelquatity<df thB<plink of each

terminal or transmission parameters such as coding size are set i C-FDMA signal transmitted by
' e %
used by the

each terfinak VRV AhE s9BhstheserRgainst 18150 bs$ ' érthdgonality of the DFT

malrix (reception sensfiivity) thastt is, the magnitude,of aligyable dSd.diffses.fram onedgapsmission
parameter to another set in the SC-FDMA signal. For example, when attention is focused on a

modulation lqygl indicated inithe MGeset 48 B transmissionipatasetst catimoghaativy stheme of a 25
higher modulation level such as the modulation scheme of 64 QAM havin%rz very sm%II Euclidean
distance betweerSignatasoirits iF Hore S0SEEpMSIE RS RETHITeRECOr TS ThEL s 8T When IS of the

same magnitude occurs, whether the 151.i5.allowable or nef (thatis, whethey theplS! is within a range
of allowable IS O?W(Bf)l%l?ﬁergf(tje%%endi%]gmg?t égmo |§ti50n level set in the SC-FDMA signal (that is,

transmiggion pAAMELSE s‘[yghless MCSnsetonading size)nktdhe cadsewhéra Sk gredter than the
allowable 151 of a transmission parameter (MCS set or coding size) set in the SC-FDNK signal is
produced, transmission ehdrabtanstics ddleriovats dnd the deet MrRIGAPEL BRI t8fnithal in which the

transmission parameter is set deteriorates, [0014] Thus, when the SC-EDMA signal isidivided by an
arbitrary 10 bﬁﬁérvxﬁ’a"l‘ﬁrgﬁlifnﬁé%ﬁﬁig tge}éébffl’ ba(lstvfltpéeerii’:l Fh%%as%efsta%on and each terminal as with the

above descrihed prioraftand geplyiality of clusters arg mappedde-discantinuais frégiency bands,
although the system throughput is improved, influences of ISI on the transmission characteristics vary
depending orcthe diffeienicesdnttransaiissione significantly.
15 [0013] Furthermore, an MCS (Modulation and channel Coding
Scheme) set (coding rate and modulation level) corresponding (o
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 181
20 caused by the loss of orthogenality of the DFT matrix (reception
sensitivity), that is, the magnitude of allowable ISI differs from one
transmission parameter to another set in the SC-FDMA signal. For
example, when attention is focused on a modulation level indicated in
the MCS set as a transmission paramefer, a modulation scheme of a
25  higher modulation level such as the modulation scheme of 64 QAM

having a very small Buclidean distance between signal points is more

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



15parameters (MCS set or coding size) set in the SC-FDMA signal and the user throughput is not
improved. [0015] 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 i even when C-SC-FDMA is used. 25Solution to
Problem [0016]A radio communication terminal apparatus of the present invention adopts a
configuratiomingludinty avtransformiatibrseetiors thist 2Abplied DRT mocéssiid to & HiftBcdomain symbol

sequence and generates a frequency domaiy) signal a setti ection that diyides the signal into a
plurality of cltfstelS in acdfdanted Wﬁ?aﬁﬁﬂ@?’”&ﬁ%r Co?ﬁ'e’slﬁgﬂ&ilh%'l o agwéﬁ/fieélggt that is set in the

signal, a coding §,5lg6abis Re}n loe sional are mkincex durineMINO transmissian. maps the

plurality of clusters to a plurality of discontinuous frequency resources and thereby determines an
arrangementaf-thgcpiiralityiofelusi€rs ina frequerioyzdeirain. [0817hA radio edrmmuhidation base
station apparatus of the present 10 invention adopts a configuration includin %ontrol section that

determines aZéRasRsr PetieFhcorH SRYRRITEM & Fid Comianica R iR al Apparstus according to
an MCS set that i3 selif fhe §onal.  cogiag:gise Anat s set 1o thecrigagh or @dankiadey during MIMO

transmission, and's reporting section that reports the cluster pattern to 15the radio communication

terminal appanatise §0018L A slusiebartangednent seiting methgichot thé pheseatinvention divides a
frequency domain signal generated by applying DFT processing to a time domain symbol sequence
into a plurality b Gludters 4 sREeTHRN G WK FEIUSRST SRiteFHOEBIFésponding to an MCS 20 set that is

s e s oS el 33 0 S0 B0 4D N Gapsioion s
arrang%entﬁﬁﬁ%mPi'iaHM?f&!U&erﬁig to & .CQI between the base station and each
terminal as with the above described prior art and a plurality of clusters
are mapped to discontinﬁous frequency bands, although the system
throughput is improved, influences of ISI on the transmission
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 cemmtinication terminal apparatus, a radio communication base
station apparatus and a cluster arrangement setting method capable of
20 improving user throughpui 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



25Advantageous Effects of Invention [0019] According to the present invention, even when an
S_C-FDMA signal is divided into a plurality of clusters and the plurality of clusters are mapped to
dlspontlngous 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.l isa 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 | of the
present mvermon; FIG.3A is a diagram illustrating a relationship between the number of clusters
(cluster spacipg) aRd UEEY thresghpit @ccording ticEmborimantst Btk FrebertdAvetitton (when SNR

is high); FIG.3B is a diagram illustrating a relationship between the 15number.of cl
] ting ; € ! , : usters (cluster
spacing) ancaBer kb AR ARG EMBSdnEH T oFiHe S eSEh Aven fo%l v{/%eegn SNR ié low);

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 cize that is set in the signal or a rank index during MIMO transmission,
maps the plurality of clusters to a plurality of discontinuous frequency
resources and thereby determines an arrangement of the plurality of
clusters in a frequency dom;in.
[0617] 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
sransmission, 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 2 frequency domain signal generated by applying DFT
processing to a time domain symbol sequence into a plurality of
clusters in accordance with a cluster pattern corresponding to an MCS
50 set that is set in the signal, a coding size that is set in the signal or a
rank index during MIMO transmission, maps the plurality of clusters to
a plurality of discontinuous frequency resources and thereby determines

an arrangement of the plurality of clusters.

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

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



FIG.4is a dlagram_illustrating an association between a modulation level and the number of clusters or
cluster size ac_cordlng to Embodiment 1 of the present invention; 20FIG.5A is a diagram illustrating a
method pf settlng. a cluster arrangement according to Embodiment 1 of the present invention (when
modula_ltlon level is low); FIG.5B is a diagram illustrating a method of setting a cluster arrangement
apcordlng to Em_bodiment | of the present invention (when 25modulation level is high); FIG6A is a
diagram illustrating a combined signal according to Embodiment 1 of the present invehtion (when

modulation level is low); FIG.6B is a diagram illustrating a combined si i '
. ), . J gnal according to Embodiment
1 of the presert imeentian (whinamotiatativ I'émél%frﬁ@h}’,513@.7%%%@5@51%&4 ?n‘é an

association between a modulation level [ ' i
present inveﬁfi‘é‘ﬁ)v it is possible to im%?gvae Czi%ggegﬁt%%%ﬂ%&C%gﬂg%giﬁmm%@% | of Sthe

effect of improving system throughput.

5 Brief Description of Drawings
[0020]

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

£1G.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 ! 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);

FIGi4 is a diagram illustrating an association between a
modulation level and the number of clusters or cluster size according to
Embodiment | of the present invention;

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

25 modulation level is high);

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

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



FIG.8Ais a dlqgram 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
settm_g alcluster 10arrangement according to Embodiment 1 of the present invention (when modulation
level is hlgh); I_:IG.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
apcordlng to 15I_Embodiment | of the present invention (when modulation level is high); FIG.10 is a
dlagram illustrating an association between a coding size and the number of clusters (1)r cluster size
according to EmboditfesiL iof théipezsenti ivergdm e-rGe p1Rbid &0dHgHerh HRGSFaHHY ¥ method of

S e ANy AP HY 19, RARRATERL) oL IRRSIO¥PRI R difaen coding size

FIG.7 is a diagram illustrating an association between &
modulation level and a clusier spacing according to Embodiment 1 of

5 the present 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 sefting a cluster

16 arranga-ment 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 éccording to

15 Embodiment 1 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

70  arrangement according to Embodiment 1 of the present invention {(when
coding size is large};

FIG.11B is a diagram illustrating a method of setting =z 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.11Bis a diagram illustrating a method of setting a duster arrangement according to Embodiment 1
of the present |.nvention (when coding size is small); 75FIG. 12 is a diagram illustrating an association
between a coding size and a cluster spacing according to Embodiment 1 of the present invention;
FIG.13A is a diagram illustrating a method of setting a cluster arrangement according to Embodin’1ent
1 of th_e present invention (when coding size is large); FIG.13B is a diagram illustrating a method
o_f setting a cluster 5Sarrangement according to Embodiment 1 of the present invention (when coding
size is small); FIG.14 is a diagram illustrating an association between a coding rate and the
number of clusters @ cluster size abegrding HouEmbodEme Nt Gthe hresEht frdeAtbHE10F1G.15 is a
diagram illustrating an association between a %odlngbize and a clggt r.s aci&%g%%gmg to

Emzzfgﬁgf?ééiﬁﬁlgﬁséﬁ?%%ﬁﬁ&ﬁ; Embogifpeey , Psfat%?agfgmrl’l ustrating an association between
ation, chng nd the qgmg_ r of c_:lusters_ according to a variation of 15Embodiment 1 of the
present mvenﬂon; F:Lé.lé% s a diagram illustrating an association between a modulation level
and the number of clysters mcoording: to envatiatiors g maboitherdt of tisi peesettlifitféntion;
5 arrangement according to Embodiment 1 of the present invention (when
coding size is small);

FIG.14 is a diagram illustrating an association between a coding
rate and the number of clusters or cluster size according to Embodiment
i of the present invention;

10 FIG.15 is 2 diagram illustrating an association between a coding
size and a cluster spacing according to Embodiment 1 of the present
invention;

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

15 Embodiment 1 of the present invention;

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

FIG.16C is a diagram illustrating an association hetween 2

20  modulation level and a cluster size accordingﬁ to a variation of
Embodiment | of the present invention;

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

23 FIG.16E is a diagram illustrating an association between a

modulation level and a cluster spacing according to a variation of

Embodiment 1 of the present invention;

10



FIG.16_C is a diagram illustrating an association between a 70modulation level and a cluster size
faccordllng to a variation of Embodiment 1 of the present invention; FIG.16D is a diagram
|IIustrat!ng an association between a modulation level and a cluster size according to a variation of
Embodlr_nent 1 of the present invention; 25F1G.16E is a diagram illustrating an association between a
_modul_atlon level and a cluster spacing according to a variation of Embodiment 1 of the present
invention; FIG.17A is a diagram illustrating an association between a coding size and the number
pf clustfers according to a variation of Embodiment | of the present invention; FIG.17B is a diagram
illustrating an assockitipnbetween alBeoeing dize dati BEclaste PEIAS HAEBRIRG B Bf the present

invention; F1G.170 is a diagram_ variation of odi iati
coding size a%é the number of ¢ uslarenresnta%caosr 1%'3“%1 Qe%?%ﬂ:%n of

Embodiment 1 of the present invention:
FIG.17B is a diagram illusirating an association between a
5 coding size and a cluster size according to a variation of Embodiment 1
of the present invention;

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

10 FIG.17D is a diagram illustrating an association between 2
coding size and a cluster spacing according t.o a variation of
Embodiment 1 of the present invention;

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

15 Embodiment ! of the present invention;

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

FIG.18C is a djagram 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 iliustrating an association between a
coding size and a cluster spacing according to a variation of
Embodiment 1 of the present invention:

25 F1G.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



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

according to a variation of Embodiment 1 of the present invention; FIG.18A is a diagram
illustrating an association between a coding rate and the number of clusters according to a variation of
Embodiment | 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 20coding size and a cluster size according
to a variation of Emipediment il af dhegpresatininventignan asfiG A8 et diegfarn Mistrating an
association between a coding size and a cluster spacing according to aé{ariatioq offE bodiment 1 of
the present invertidn: 2HERE 1 OAZR ACHRGHRS iTRi‘r3fng 80 %s%g%g’[}b% bflden an ﬁ&s set and the
number of clusters ccordip% to a variation of Embodiment 1 of the present invention; FIG.19B is
a diagram iIIlfgt?gcfi%g"gﬁeéqséoléfation between an MCS set and a cluster size according to a variation-of

Embodiment 1 of the preseotinventionam i1 G193 isnadiagram dlustratingranmdébiation between
an MCS 5set and a cluster sptalcing according to a variation of Embodiment 1 of the pre§ent invention;

5 set and a cluster spacing according to a variation of Embodiment 1 0
the present invention;

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

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

10 to Embodiment 2 of the present invention;

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); |

F1G.23B is a diagram illustrating & method of setting a cluster
arrangement according to Embodiment 2 of the present invention (when
the rank index is large};

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

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

25  the 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

12



FIG.20 is a bIo_ck configuration diagram of a terminal according to a variation of Embodiment 1 of the
presen'g invention; FIG.21 is a block configuration diagram of a terminal according 10to
Emqulment 2 of the present invention; FIG.22 is a diagram illustrating an association between a
_rank |r_1dex 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 15arrangement
apcordlng to Embodiment 2 of the present invention (when the rank index is small); F1G.23Bis a
dlagram.lllustrgting a method of setting a cluster arrangement according to Embodiment 2 of.the
present inveniiora@ithen theiralk grdex is large); 20F1G.24 is a diagram illustrating an association

between a rank index and a cluster spacing according.to Embgodi t2 [ [

_ : X 8 I the nvention;

gl(fB.ﬁSA is a dlqgrgrﬁcfil%éflratlﬁg & m%Tﬁ(‘%gofC gg”t{fﬁélgggclﬁ)f%tercp Ia%r%%g%em{glt%cgg?dﬁgat% Embodiment
ofthe presert ioyeniiqn (4heR ABIG Faskindgisysmakl iny driGE5Bis edidgranuilusirating 2

metho qf set ingac ster arrangement according to Embodiment 2 of the present invention (when

the rank index dsarge)j;FIG.26A is a block configuration diagram of a terminal according to

Embodiment 2 of the present invention (when the rank i i :
5 FIG.26B is a diagr(am illustratingmgeéilz%hzgﬂ of setting a cluster

arrangement according to Embodiment 2 of the present invention (when
the rank index is 2);
FIG.27A is a block configuration diagram of the terminal
according to Embodiment 2 of the present invention (when the rank
10 index is 4);
F1G.27B is a diagram illustrating a method of setting a cluster
arrangement according to Embodiment 2 of the present invention (when
the rank index is 2);
F1G.28 is a diagram illustrating an association between a
15  transmission rate (MCS s_ei) and the number of clusters or cluster size
according to Embodiment 2 of the present invention;
F1G.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;
F1G.31 is & diagram illustrating a method of setting a cluster
arrangement according to Embodiment 2 of the present invention;
FI1G.32A is 2 diagram illustrating an association between a rank
25 index =and the mnumber of clusters according to a variation of
Embodiment 2 of the present invention;

FIG.32B is a diagram illustrating an association between 2 rank

13



5F1G.268 is a diagram illustrating a method of setting a cluster arrangemen i [

2 of Fhe present_ invention (when the rank index is 2)?FIG.27A isa blgck cortlf?gjg'[cii(;r:]gdti(;;i:n?loci‘l?r]lznt
termlnal aqcordlng to Embodiment 2 of the present invention (when the rank 10index is 4); FIG.278 is
a dlagra_m |IIus_trat|ng a method of setting a cluster arrangement according to Embodiment’ 2 of -the
present invention (when the rank index is 2); F1G.28 is a diagram illustrating an association between a
15transmission rate (MCS set) and the number of clusters or cluster size according to Embodiment 2
of the present mvent.lon; FIG.29 is a diagram illustrating a method of setting a cluster arrangement
according toi EehodimeénttBeof thandresent inEhtichs FRSSY i 2didGraf iNGSHHHRY aﬂirassociation

between a 20transmission _rate (MCS s [ [ [
oot 222 ,dimenf | rat tge presg}talg%an {lcjnslt;er spacing according to Embodiment 2 of the

FIG.32C is a diagram illustrating an association befween a rank

index and a cluster size according to a variation of Embodiment 2 of
§  the present invention;

FI1G.321) 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

CI1(GL32F is a diagram illustrating an association between a rank

10  index and a ciuster spacing according to a variation of Embodiment 2 of

the present invention.

Description of Embodiments

[0021] Hereinafter, embodiments of the present invention will be

st
Lh

described in detail with reference to the accompanving drawings.
[0022] (Embodiment 1)
F1G.1 shows a configuration of base station 100 according to the

present embodiment.

(0023} In base station 100, radic receiving section 102 receives a

20 C-SC-FDMA signal transmitted from cach terminal via antenna 101 and
applies reception processing such as down-conversion and A/D
convetsion to the C-SC-FDMA signal. - Radio receiving section 102
then outputs the C-SC-FDMA signal subjected to the reception
processing to CP (Cyclic Prefix) removing section 103.

25  [0024] CP removing section 103 removes a CP added to the head of

the C-SC-FDMA signal inputted from radio receiving section 102,

[6025] FFT (Fast Fourier Transform) section 104 performs FFT to the

14



FIG.3lisa dla_gram illustrating a method of setting a cluster arrangement according to Embodiment 2
of the present invention; FIG.32A is a diagram illustrating an association between a rank 25index and
the numper of cl‘usters according to a variation of Embodiment 2 of the present invention; FIG.328 is a
dlagra_lm illustrating an association between a rank index and the number of clusters acc,ordin;g toa
varlatl_on_ of Embodiment 2 of the present invention; FIG.32C is a diagram illustrating an
association be_tween a rank index and a cluster size according to a variation of Embodiment 2 of 5the
present |.nvent|orr;~- F1G.32D is a diagram illustrating an association between a rank index and a
cluster size according ¥osasiariationoft B odimEnt ergraseiemVeioh EHF O™  E10.32E is

a diagram illustrating an association between a rank 10} a spagi i

Y : : vindex-gi >cording to a
varlt?thn of ERfootiigtént Q%Ethg?)%%@ﬁf inij/%ﬁ}f’olﬁ. es%cr&gptlon g? m%%t‘gi%]gr%g%oﬁgf]%ere?naﬁer
em Odlmentgoor];msengrrs?ﬁnt ipyentignwillbg o4 then outputs the frequency domain

C-SC-FDMA signals (subcarrier componenis) to demapping section 103.

5 Turthermore, FFT section 104 outputs the subcarrier components
including a pilot signal to measuring section 111,

[0026] Demapping section 103  extracts C-SC-FDMA signals

corresponding to frequency resources (subcarriers or RBs) used by the

respective terminals from the C-SC-FDMA signals isputted from FFT

10 section 104 based on mapping information inputted from control section

113, Demapping sectién 105 then outputs the extracted C-SC-FDMA

signal to FDE section 106.

[0027] FDE section 106 equalizes the C-8C-FDMA signals inputted

from demapping section 105 using FDE weights calculated based on

15 estimate vaiues of frequency fluctuations in channels between the base

station and the respective terminals estimated by an estimation section

(not shown). FDE section 106 then oufputs the equalized signal to

combining section 167.

[6028] Combining section 107 combines a plurality of clusters making

26 up the C-SC-FDMA signals inputted from FDE section 106 in a

frequency domain based on thre number of clusters {a plurality of

clusters obtained by dividing the C-SC-FDMA signal), bandwidth per

cluster (hereinafter referred to as “oluster size™) and frequency spacing

between clusters inputted from control section 113. Combining

95  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



15described in detail with reference to the accompanying drawings. [00221 (Embodiment 1) FI0.1
shows a.configuration of base station 100 according to the present embodiment. [0023]In base station
100, radio receiving section 102 receives a 20 C-SC-FDMA signal transmitted from each terminal via
antenna 101 and applies reception processing such as down-conversion and A/D conversion to the
C-SC-_FDMA signgl. Radio receiving section 102 then outputs the C-SC-FDMA signal subjected to the
reception processing to CP (Cyclic Prefix) removing section 103. 25[0024] CP removing section 103
removes a CP added to the head of the C-SC-FDMA signal inputted from radio receiving section 102.
[0025] FFT (RastiFptsiessEransforiijesdntfon- FOMparforns FRREa td Eree-epASBAal inputted

from CP removing section 103 to transform the signal into frequency domain C-SC- A signals
(subcarrier c¥fp6Rehts). FEP SEcRST P84 he A BT RE f’%@&%r%& &dtgrfggﬁl &-@é%E%oMA sﬁgnals

(subearrier compongents) to %ﬁ[ﬁﬁ%ﬂ@%cﬁ%ﬂ%@%' SFurthermore, FFT section 104 outputs the
subcarrier con‘fr“{‘ponents Including a pilot signal to measuring section Ill. [0026]Demapping section 105

extracts C-SEFRNMA sighalsl aditesponeting to fréguenoyordsiaurses fsulséardérs Br'RB¢) used by the
respective terminals from the C-SC-FDMA signals inputted from FFT .

5  from IDFT section 108 based on MCS information (modulation level}
inputted from scheduler 112 and outputs the demodulated signal to
decoding section 110,

F0031] Decoding section 110 decodes the signal inputted from
demod_ulation section 109 based on the MCS information {coding rate)

10 and coding size inputted from scheduler 112 and ou{pﬁts.the decoded
signal as a received bit sequence.

[0032] On the other hand, measuring section 111 measures an SINR
(Signal-to-Interference plus Noise power Ratio) per frequency band
(subcarrier) between each terminal aad the base station using a pilot

15 signal {pilet 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. TFirst, scheduler 112

25  calculates priority in allocation of uplink frequency resources (PUSCH)
corresponding to each terminal.  Scheduler 112 schedules allocation of

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

16



10 section 104 based on mapping information inputted from control section 113. Demappina 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 t_erminals estimated by an estimation section (not shown). FDE section 106 then outputs the
equalized signal to combining section 107. [0028] Combining section 107 combines a plurality of
clusters making 20 up the C-SC-FDMA signals inputted from FDE section 106 in a frequency domain
based on the sumberoficlusiers (@ pldrality ofslbstersbingw byt evidingthe @SYCIEDMA signal)
bandwidth per cluster (hereinafter referred to as "cluster size") and frequency spacing between ’
clusters inputtsdifrra ‘dontrol section 113. Combining 25section 107 then outputs the combined

C-SC-FDM i@nﬁto DET section 108,.[0029] | | ' in si
: T ¢ RATsection.{08:9gperatas & dime dermain signal b
applylng IDAﬁL rfr ess?ng%oﬁ%ﬁreeé}ge%-lfDMA seignalsr inputted from combining l;g%ltion 107. I[%FT ’
section 108 themeuipuisthecgererted tinegdemainesigrakto tdemaockul atiorr s&utivriol 69.

[0030]Demodulation section 109 demodulates the signal inputted 5 from |DFT. section 108 based on

L\(A)Céiég;éi;mdﬁ&ﬁ(n@dulémﬁé@@l?mplﬁf@d fr_éﬁ?sc%‘é@é‘l%r fﬁeéncf%tutﬁﬂts%ee démbtulated signal
"9 section HQ003HRecRdRosRglion A desrdsaie sigpadnputied g
(C-SC-FDMA signal) from each terminal. Here, the cluster pattern is
represented by the number of clusters, cluster size or cluster spacing.
~ That is, scheduler 112 functions as a determining section that
10  determines a ciuster pattern (the number of clusters, cluster size or
cluster spacing) accofding to the MCS set or coding size.
[0033] Scheduler 112 then outpuls frequency resource information
indicating the result of alio_cation of uplink frequency resources of each
terminal (that is, the scheduling result of frequency resource allocation
15 based on the determined cluster spacing) and spectrum division
information indicating the number of clusters and cluster size of
clusters making up the C-SC-FDMA signal transmitted by each terminal
to control section 113 and generation section 114. This causes a
clusier 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 10036] Control section 113 calculates the number of clusters, cluster
size and cluster spacing based on the spectrum division information and

frequency resource information inputted from scheduler 112,
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demodulation section 109 based on the MCS information (coding rate) 10and coding size inputted
from schedule_r 112 ar_ld outputs the decoded signal as a received bit sequence. [0032] On the other
hand, measuring section 111 measures an SINR (Signal-to-Interference plus Noise power Ratio) per
fr_equency bar_1d (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 sectri)on
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{medetation levelimodulationschéme Hanlasring sy BeY in 878 SiGRRI 6% each terminal,

coding size (code block size) set in the signal of each termi [

) o > 3 , / , Ly r of DFT
[ﬂ)g]tzsg usled:ﬁfrhwhﬁ%%&l&czfé) @%ﬁ%ﬂe@nﬁ%ﬁ %&w%ﬂ%l%}l%%%%fg%gg ?aﬂggr{? Igi!ist; scheduler
. C|a Cugten%a%%f %gﬁ@é‘%@%@ ol uplink Stequancy resouroas (R USGHYrcsiresponding to each
erminal.Scheduler 112 schedules allocation of uplink frequency resources (PUSCH)_of each terminal

using priority. afseacksterminal @acha GQkofieach i@ rthirral pUed Trel ALY SR tion 111.

5 of clusters, cluster size and ciuster spacing fo combining section 107
and outputs mapping information indicating the frequency resources to
which the C-SC-FDMA signal (a plurality of clusters) of each terminal
is mapped to demapping section 105.

[00371 Generation section 114 generates a control signal by

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

15 {6038} Coding section 115 encodes the control signal inputted from
generation section 1l4 and outputs the encoded control signal to
modulation section 116.

100397 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]7 Radio transmitting section 117 appliies transmission processing
.such as D/A conversion, amplification and up-conversion to the control
signal inputted irom modulation section 116 and transmits the signal
subjected to the transmission processing to each terminal via antenna

25 101

[0041] Next, FIG2 shows a configuration of terminal 200 according

to the present embodiment.
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[0034]To be more specific, scheduler 112 determines a cluster pattern of the signal (C-SC-FDIviAal)
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 size or cluster
spacing. That is, scheduler 112 functions as a determining section that 10determines a cluster pattern
(the number of clusters, cluster size or cluster spacing) according to the MCS set or coding size.
[0035]Scheduler 112 then outputs frequency resource information indicating the result of allocation of
uplink frequejticyt edsolinces ofi eat B 8&rmiarkio(tHaeky it %%ﬁ’éﬁﬂliﬁazré%ﬁ‘éffﬁﬁesqﬁgﬁwﬁesource

allocation 15 based on the determined cluster spaci tr lvisiop.imermatign indicating
the number éf%ﬂ?été%%laﬁgtg; LebSF Ellfstfieﬁg %ﬁf@.ﬁ%ﬁﬁg (?—%gékgl\'/l%signal transmitted by

each terming toﬁ%‘”%§§8{§%ﬁk'1%§§é’€§§%@er§ﬂ@ﬂ segtiondut4. ddiis causes astusterPattern
indicating the Humber of clusters, cluster size or cluster 20 spacing to be reported to each terminal.

Furthermore csehedsilss 142 dutputscoritrel informalediinclediviy MES #oARatsA inbFcating the MCS

set (modulation scheme and coding rate) set in eac term%rfael %ggethﬁgodint%gé%gi% t in,each terminal
to demodulatidhisEetichel 09 dEtbdiRgReEcibR 11T dnt génération section 114, 25[0036]Control

section 113 calculates the number of slystersyglustersizs and clusterssnacing kpsedom the spectrum
division information andl?requency resource informationinputted fromscheduler112. Furthermore,

control sectiog dik3Galcrtatesdrrauandiaesourads towhict-tivd GLSGFDMASignal &8 Plurality of
clusters) of each terminal is mapped based on the ca_lcula%ed numper offclté?g%g:%,rcszgusggg size and
cluster spacintarGovitiskséttiop?t 23 tRERHuE e datcditfed RBMBEr

cluster size, freguency resource information indicating upiink
16 frequency resources allocated to each terminal and control information
indicating MCS information and coding size or the like.
10043] Demodulation section 203 demodulates the control signal and
outputs the demodulated control signal to decoding section 204.
[0044] Decoding section 204 decodes the control signal and outputs
15 the decoded control signal to extraction section 205.
(0045} Exiraction 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
modulation section 208.
25 [0046] Control section 206 calculates the number of clusters of an
C-SC-FDMA signal generated by dividing the SC-FDMA signal (that is,

output of DFT section 210} and cluster size based on the spectrum
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5 of clus.ters_, cl_uster size and cluster spacing to combining section 107 and outputs mapping
information mdlcgting the frequency resources to which the C-SC-FDMA signal (a plurality of clusters)
of each permmal is mapped to demapping section 105. [00371Generation section 114 generates a
control ;lgnal 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
terminal. Generation section 114 outputs the control signal generated to coding section 115
15[00381Coding section 115 encodes the control signal inputted from generation section 1i4 and
outputs the enceded cansioh signal 4odniréglatiory sectionr 14 6 nfOoSTNH U RtidTH < iBR 116 modulates

the control signal inputted from coding section 115 and outputs the mod d ' [
It [ ) I tion 1 n nal to 20radio
trarE)s/Tttlng SEEHSI2L7 SFO0UTL RAdio trahSHtIRG SecfSh T2 asﬁﬁfigsntéﬁgmﬁgg%g%%gessing such
as D conv%%%pén%rﬁl{@gﬁaﬁl%% and upscanversiop 19 e saniok sianal apyttes fiom afodulation
section 116 ransmits the signal subjected to the transmission processing to each terminal via
antenna 2510/, JQ94iL 1 Nextp F1G. 2 shaws & configuratioresd terminaf @002dteorditg 8 the present

embodiment.

5 calculated number of clusters and cluster siz‘e, and thereby identifies
the cluster spacing of clusters making up the C-SC-FDMA signal.
That is. control section 206 calculates the cluster pattern {the number
of clusters, clusier size and cluster spacing) reported from base station
100. Control section 206 then outputs the calculated cluster pattern £0

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 signa!l (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 2
plurality of clusters, suppose it is predetermined between the base
station and the terminal that the SC-FDMA signal (spectrumj 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 =z cluster of a higher
frequency (cluster of a higher output number of DFT secti.on 210).

[0048] « Coding section 207 encodes a transmission bit sequence based

20



[0042] In terminal 200, radio receiving section 202 receives a control signal transmitted from base
station 100 (FIG. 1) via antenna 201 and applies reception processing such as down-conversion and
AID conversion to the control signal. Radio receiving section 202 then 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 informati?%icﬁu%cating MCS

ula

information amd dodiNCSizende the tiker [CO4EPBEHGUPbF 86BN 283 Hmodulates the control
signal and outputs the demodulated contral signal to degoding section 204.10044l-Deageding section
204 decode$ HEEGHTo %?éﬂe?lnan%%obutpa&% 1§fi1]tglu§%coded control signal to extraction section 205.
[0045]Extraction, seetion 205:extasts {bespectosm division information and frequency resource
information directed to the terminal included in the control signal inputted from decgdi?}g section 204
and outputs floe exjracteis épbcinum dadsion ifBFmagsATaReréquBie) 2o FE8BGRE information to

control section 206, Furthermore, extraction section 205 outputs the MCS infarmation girected to the
terminalfand €8 divg e ﬁliﬁi&éf’éﬁl??fTﬁéogonﬁfﬁoﬁ%erﬂmcftiéﬁ |H§;ﬁ%‘eé in the conétr;ol signal inputted from

decoding secfipn %gé‘e‘&’ cading segtien; 267, and;moduiation sestion:268. 25[0046] Gomtrol section 206
calculates the number of clusters of an ‘
extraction section 205 and outputs the generated symbo! sequence to
multipiexing section 209.
[0050] Multiplexing secﬂam 209 multiplexes a pilot signal and the
10 symbol sequence inputted from modulatioﬁ section 208. Multip%exing.
section 209 outputs the symbel sequence with which a pilot signal is
muitiplexed 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
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.
[0651] DFT section 210 applies DFT processing to the time domain
symbol sequence inputted from multiplexing section 209 and generates
20 a frequency domain signal (SC-FDMA signal). DFT section 210 then
outputs the SC-FDMA signal {spectrum) generated to division section
212 of setting section 211.
[0052] Setting section 211 1is provided with division section 212 and
mapping section 213, Setting section 211 divides the SC-FDMA signal
25 (s;sec.trum) inputted from DFT section 210 into a plurality of clusters in
accordance with a cluster pattern inputted from control section 20606,

maps the piurality of clusters to discontinuous frequency resources



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 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-FDIVIA signal. That is, control section 206 calculates the cluster pattern

(the number of clusters, cluster size and cluster spacing) reported frﬂcs)fm ba;e i&at%%é,%o Control
section 206 thereotitprits thal chleuthted VYESTER pais TG SRy Yetlion 211,76 e more specific,

control section 206 outputs the calculated number of.clus lu ige to gliyision section 212 of
setting sectidt#dth 4hd &f&ﬁi?mggpﬁtllﬁ Sltn%%gf‘?oé%d?ﬁ%ﬁ%%gugé%%gsources to which the
C-SC-FDMA signal (a plurglity.pt clusters)sef the termisighisImappedrithay is; infdpmetion indicating the
15cluster spacing) to mapping section 213 of setting section 211. [0047] When the SC-FDMA signal
(spectrum) ig ehivitteddntera pREAlity lofclsters: Suppose fis pradeterRinetf bEfVeenthie base station

and the terminal that the SC-FDMA sjgnal pectrum will be, divided jn. Ed‘%_ﬁffom‘@ﬂ%erfrequency
martof the pEGYRA (Fome® 20T6HER oEBUL g i

IfB&F of DFT section 210) or from a higher frequency
part of the spegtrum (from a higher output number of DFT section 210). For example, of a plurality of
clusters generated tﬁrough the division, control section 206 calculates frequency resources to which
the clusters @@ mapped i oraier oo arclustér offa kolek freqaetiey (Addtef 514 95100 output

number of .DFT section 210) Or from a cluster of a higher fre cy (cluster-af.a higher output number
of DFT sedi@ﬁﬂ@%@o&%@édﬁ@%@&ﬂgﬁ nghtgédgg LA )ée(c!x tergiia fugher

G
a transmission bit sequence based on the

MCS information (coding rate) and, coding $iz¢ RpUtiad:ftam extractiensactieni@brarideoutputs the
encoded trafsiission bit sequence to modulation section 208.

10 indicated in the cluster information inputted from control section 206.
Division section 212 then outputs the C-SC-FDMA signal made up of
the plurality of clusters genérated to mapping section 213.
100543 Mapping section 213 of setting section 211 maps the
C-SC-FDMA signal (a plurality of clusters) inputted from division
15 section 212 to freguency 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 frequenmcy 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 0s inte frequency
bands (subcarriers) other than the plurality of frequency bands
25  (subcarriers) to which the C-SC-FDMA signal (a plurality of ciusters}
is mapped. IFFT secijon 214 then outputs the time domain

C-SC-FDMA signal to CP insertion section 215.



[00491Modulation section 208 generates a symbol sequence by modulating the transmission bit
sequence inputted from coding section 207 based on the MCS information (modulation level) inputted
from extraction section 205 and outputs the generated symbol sequence to multiplexing section 209.
[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, F1G.2 shows a configuration
in which a pilategignal ard asymbal sequencedre mddtiplexedsbefore REI procebsingabut a
configuration may also be adopted in which a pilot signal is multiplexed with a symbol sequence after

the DFT processing. [005E] DRECsERA 2ien pieBrT BroteSefb 15HE timd WbmHih symbol

sequence inputted fro iplexi ection 209 and,generates 20a frequency domain signal
(SC-FDMA s%ger?a )? E&?’éﬁi@)%%é#gﬁ%pﬁstsat%'SC-FDMA signal (spectrum) generated to
division sectipiy2%2 ofisetting section 244 <l0052)Settingrsaction:21 ins piovided vdthidivision section
212 and mapping section 213. Setting section 211 divides the SC-FDMA signal 25 (spectrum) inputted
from DFF sectioh 226 ifdd4a plareiityso elustarsliv isestnaarfcwivy = eRister gaterh inptitted from

control section 206, m the. plurality of clusters to discontinuous, frequency resqurceg_respectively
and thereby & ﬂqe%r]\jei? gr’rg %@mze%{ of tha & &-ﬁ%ﬁ/lA%i%%l (aSqEJ'LTjdracht%/C%f% us?éﬁres) in the
frequency dopngin,Setting sestion 21118utRutsheiCnSGFDMA signal (xpiuralityaf clusters)

generated to IFFT (Inverse Fast Fourier Transform) section 214.
(00581 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 piurality of clusters) by terminal 200 will be described.
100597 A cluster pattern that maximizes user throughput differs from
one transmission parameter to ancther. 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) i1s 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 FIG3A and
20 FIG.3B, the cluster pattern that maximizes user throughput (here, the
number of clusters or cluster spacing) differs from one modulation level
1o another. Here, that the clﬁlster pattern that maximizes user
throughput differs from one modulation level to another may be
attributable to the difference in robusiness against ISI among different

modulation levels (allowable ISI). That is, base station 100 and

[
wh

terminal 200 can improve the user throughput by setfing an arrangement

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

o]
a2



5Here|naft(_ar, an in_ternal configuration of setting section 211 will be described. [0053]Division section
212 of s_,ettlng section 211 divides the SC-FDMA signal (spectrum) inputted from DFT section 210 into
a pIurallt_y of clusters according to the number of clusters and cluster size 10 indicated in the cluster
information inputted from control section 206. Division section 212 then outputs the C-SC-FDMA signal
mao_le up of_the plurality of clusters generated to mapping section 213. [0054]Mapping section 213 gf
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 mappinq infgr%]atio (information

1

g bk assind s N A e BRGSO e oo
performs IFEHE Bt ldr iy 7 ?r%tﬁlsjgt nacyr% ; e:{r%d(g léé%%%é%%@)g%er? fb%%ﬁi%%ﬂ%ﬁg;g?g&fi4
signal. whic the ¢-SGiFBMAsionat inpatted fromreratesmadimeadomainvinisertsOsiintd frequ(-ency '
an example, but the same applies to other transmigsion parameters
§  (coding size and coding rate).
[0060] Thus, scheduler 112 of base station 100 determines a cluster
pattern of the C-SC-FDMA signal according to the transmission
parameter {MCS set or coding size) set in the C-SC-FDMA signal from
lerminal 200. Furthermore, setting section 211 of terminal 200 sets
10  the arrangement of the C-SC-FDMA signal {(a plurality of clusters) in
the frequency domain according to the cluster pattern corresponding to
the transmission parameter (MCS set or coding size) set in the
C-SC-FDMA signal transmitted by the terminal. Hereinafter, methods
of setting a cluster arrangement 1-1 to 1-6 will be described.
15 [0061] <Setting method 1-1>
According to the present sefting method, setting section 211
divides an SC-FDMA signal by the number of clusters (the numberof
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 leve! increases, the Euclidean 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 I81). Thus, setting
section 211 preferably sets the arrangement of the C-SC-FDMA signal
25 (a plurality of clusters) in the frequency demain so that 181 decreases
as the modulation level set in the C-SC-FDMA signal transmitted by the

terminal increases (as the robustness against IS1 decreases).

24



bands (subcar_riers) other than the plurality of frequency bands 25(subcarriers) to which the
C-SC-FDMA s!gnal (a plurality of clusters) is mapped.IFFT section 214 then outputs the time domain
C-SC-FDMA signal to CP insertion section 215. [0056]CP insertion section 215 adds the same signal
as the rear por_tion of the C-SC-FDMA signal inputted from IFFT section 214 to the head of the
C-SC-FDMA signal as a CP. [0057] Radio transmitting section 216 applies transmission processing
5_such as II_)/A conversion, amplification and up-conversion to the C-SC-FDMA signal and transmits the
signal subjected to the transmission processing to base station 100 (F10.1) via antenna 201. [0058]

Next, details [afidasterpatierss determimiig protessirig by tiase&tifion 2Od ardgdasE  rangement

setting processin (that is, division 1Qprocgssi f the SC-FDMA signal (spe mappin
processing of't ‘f)’lu?éliﬂ)‘b‘ﬁ&‘l’dbste? VB t%a?ﬁﬁ]rluga G \eitrbe 1E%r§r?gg§ [%1(%598}%%%?5,?3 patl?grn%hat
maximizes uger througnout g'éfi‘?{t%f'i%”kloﬂ%é&@'a&'mﬁsi@mp@r@mtﬁ&t:qmn@e.lA@an example of
transmission parameter, a case will be described using FIG.3A and F10.313 where the 15 modulation
level (QPSK.c16rQ%M, 64 QAMDiS aiged: F10:34 (wihiehe SNR ¢ Sigpiai-tg:Nofdé 5wt Bidtio) is high)
and FIG.313 (when SNR (Signal-to-Noise power Ratio) is low 'Ilustra%e alrelationsQip.Rgtween a
cluster patterief e ESC-FOMA sighalitaid e Admber d*%%ﬁ%?érsoor SLSteT Spacing) and user

throughput. As shown i FIG 3AAN reases

in other words, IS] decreases as the number of clusters of the
C-SC-FDMA signal decreases.
[0064] Thus, according to the present serting method, setting section
10 211 divides a signal (SC-FDMA signal) in accordance with a cluster
patiern with a smaller number of clusters (the number of ¢lusters 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 ig,
scheduler 112 determines a cluster pattern indicating a smaller ﬂumber.

of clusters as the modulation level indicated in the MCS sef that is set

o,
L

in the signal transmitted by terminal 200 increases.
[0063] Among SC-FDMA signals having the same bandwidth (certain
unit bandwidth), the smaller (greater) the number of clusters obtained
through division, the wider (narrower) is the bandwidth per cluster, that
20 is, the cluster size per cluster. That is, among SC-FDMA signals
having the same bandwidth, reducing {(increasing) the number of
clusters obtained by dividing the SC-FDMA signal is equivalent 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

-
th



20 FIG.3B, the cluster pattern that maximizes user throughput (here, the number of clusters or cluster
spacing) differs from one modulation level to another. Here, that the cluster pattern that maximizes
user throughput differs from one modulation level to another may be attributable to the difference in
robustness against 151 among different 25 modulation levels (allowable ISO. 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 domain based on a cluster pattern with allowable 1S1
among different transmission parameters taken into consideration. A case has been described in
FIG.3A and 11038 whefadhei osiiatiohdevel & talen d§tarmehamples Biit e BaHd hpplies to other

transmission parameters 5(coding size and coging rate). [0060], Thus, scheduler 112 of:base station
00 determind®@% €HiEt8r pattehfr of thd C-8EFEMA s%#é%la(%%r&ﬁ%gltéontﬁg%t%gn%réésiton parameter

(MCS set or coring,ize) 5t inInes G EiRMA sianal liom, terainal 20G. Surtizemore, setting section
211 of terminal 200 sets 10 the arrangement of téﬁe C-SC-FDMA signal (a plurality of clusters) in the

frequency damairs pecagingstol the €lusterpatrmcoresperiding!o the teansmissivh pirameter (MCS
set or coding size) set in the C-SC-FDMA signal transmitted hy the termin[e\!i Heereig(?fﬁ, methods of
setting aclustes Wirarigenddft 41 61126 WHFBE dedcribbd. " BfO0B L 2setting iethod 1-1>

According (o e peeent seoo meiiofh sl seelon 24 dudeh.an SGAMAsignal by e

¥ ji 10 . . . h .
number of clUStérs (the number of di isions) corresponding to the modulation level (modulation

scheme) indigategdnan MQS setdhatds set imethie S3SEHEDM A sigrtats 20fe082entHésthodulation
level increases, the Euclidean distance between sianal points becomes sharter and u§ceptibility to
the influenceofthSTinceades, THet 64 tRANGHEILRE FHoRRIAGEH el Mh [5FEr S8 e fobustness

against ISI (allowable 1ST).Thus, setting section 21.1 pref s the artangement of the
C-SC-FDMAﬁ&n‘éﬁﬁ%’?&%ﬁgra‘fﬁﬁ/hof) &%sstélf%cf?n tﬁé%rg)dugr%g%%%rﬁam so that ISI decreases as the

modulatign leyg) set iniiher Grs G- ERMATsignal tiansmitteddy testérminas Bicrbases (abthe
robustness against 151 decreases).
total cluster size of clusters #0 to #3 shown in FIG.5A is equal to the
total cluster size of clusters #0 and #1 shown in FIG.5B.
[0067] Scheduler 112 of base station 100 decreases the number of
clusters (widens the cluster size) as the modulation level increases,
15 To be more specific, as shown in F1G.4, scheduler 112 increases the
number of clusiers (narrows the cluster size) for QPSK of a low
modulation level. On the other hand, as shown in FI1G.4, scheduler 112
decreases the number of clusters (widens the cluster size) for 64 QAM
of & high modulation level. That is, scheduler 112 determines &
QO cluster pattern that maiches the number of clusters (high, medium, low)
or cluster size (narrow, medium, wide) in accordance with  the
modulation level {low, medium, high). Base station 100 then reporis
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



[0063] Here, as the number of clusters of a C-SC-IMMA 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 IS1
5increases.Thus, ISl increases as the number of clusters of the C-SC-FDMA signal increases in other
words, 151 decreases as the number of clusters of the C-SC-FDMA signal decreases. [0064] Thus,
according to the present setting method, setting section 10 211 divides a signal (SC-EMMA signal) in
accordance with a cluster pattern with a smaller number of clusters (the number of clusters per certain
unit bandwidbimjfar aligHermddalatitn leves Midideel® inther MESTsBE s EAEIRE Signal

transmitted by the terminal. That is, scheduler 112 determine er.pattern #dicafing a smaller

number 150PlustER 4i%he }Tgro E?f‘ﬁtié‘ﬁl ’Fg%}i in icﬁ? ?rrlsth%rsl\/?([:gsg{gt Fr?gtg?s set in the signal

transmitted bg’i\’%‘?éfﬁiﬁ‘as'e%gﬁaW@F@%ﬁ%i&@@ﬁﬁﬂ%@@m@%@%lﬁ@na& bawing the same bandwidth
a

(certain unit bandwidth), the smaller (greater) the number of clusters obtained through division, the
wider (narrowar} is:the handwidth penchisterptab20 il e slererosiZzd et dgstét MTifat is, among

SC-FDMA signals having the same bandwidth, reducing (increasin n o{ CL%%ters obtained
by dividifg tHéZsCiRDMAGHRaM SRiATHR f’t‘é‘agli‘dler%|‘"’?flg§‘(e(na]er?of\Qli\llFr?élgI 5 %L%E;&t)lé?é%izse‘per a plurality of

clusters obtained by dviding the SCsFDMA signak Hus, Settiad sextions3Ei 2 10ay aiso divide the
signal (SC-FB’MK S|g?1a8[) in accordance with a cluster pattern with a wider cluster size for a higher
modulation leyeliindisatethin the NG5 setithabis sétinlite sifjnll trarsiitéts pyHavous
frequency resources based on frequency resource information,
[6069] When, for example, the modulation scheme is QPSK
10 (modulation level: low), scheduler 112 determines a cluster pattern (the
pumber of clusters or cluster size) so that the number of clusters
increases as shown in FIG.5A (four clusters #0 1o #3 in FIG.5A), that is,
the cluster size per o].u~ster hecomes narrower. As shown in FIG.5A,
division section 212 divides the SC-FDMA signal (spectrum) into four
15 clusters of clusters #0 to #3 and mapping section 213 maps four
clusters #0 to #3 to discontinuous frequency resources. As shown in
FIG.5A, a C-SC-FDMA signal with a high number of clusters (narrow
cluster size) is thus generated.
[0070] On the other hand, when the modulation scheme is 64 QAM
20 (modulation level: high), scheduler 112 determines a cluster pattern
(the number of clusters or cluster size) as shown in F1G.5B so that the
number of clusters decreases (two clusters #0 and #] in FiG.5B), that is,
the cluster size becomes wider. As shown in FIG.5B, division section
712 divides the SC-FDMA signal (spectrum) inte two clusters of ciuster
25  #0 and cluster #1 and mapping section 213 maps cluster #0 and cluster
41 to discontinuous frequency resources. Thus, as shown InFIG.58, a

C-SC-FDMA signa! with a Jow number of clusters (wide cluster size) is



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 F10.4, 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 one symbol, and 64 QAM
(modulation level: high) where six bits are transmitted with one symbol will be describedFurthermore,
the 10 bandwidth of the C-SC-FDMA signal in FIG.5A and F10.5B, that is, the total cluster size of
clusters #0 t@3:shrawlin F1G,5A is equal to the total cluster size of clusters #0 and 41 shown in

FIG.5B. [0067]Scheduler 112 of baseistati(_)n 100 decrea s%gu%%léq]}%er of ¢ usf%)rs Igvviidens the cluster
size) as the W&Iétioﬁ%??él‘ﬁ%c?@&sé%?ﬁé”f‘bsﬁ‘éﬁétféisS%eé ific: as hown in F10.4 scheduler 112
increases th er Of slusters, (narqws the glster size) fer QRS of: frlowdnedulatan level. On the
other hand, SFS%FI%\%V n|}nOFL110.4,{}sch'edetj%£,r'11 de(?reases the n({l?rﬁber of clusters (widens the cluster
size) for 64 QAMDS achighsmadaation levebThabiseschedaler IR eepéresinesia20elister pattern that
matches the number of clusters (high, medium, Iow)For cluster size (narrow, medium, \ﬁide) in

accordarice WitbogRs imedifatiokFlevet #iowd mediim ' Rgh): BHES Statidh 166 THER ¥8pdh spectrum
and frequency 1oS0LILL S5 IS Uatin 1 FAnil S00. [DJ6BADrion Coston 312 of seting Secton
211 of terminal2QQ Jividesthe; SGHFPMBasignak{speciiim)dnphitisd fiomdRET stetioth210

cluster combination as shown in FIG.6A (modulation scheme: QPSK) or

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

10 [0072] As shown in FIG.6A, when the modulation level is .10w
(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 m' FI1G.6B, when the modulation level is
high (modulation scheme: 64 QAM), the number of discontinuous
15 points in a fluctuation of the equalized channel gain in the combined
signal is 1. That is, as shown in FIG.6A and FI1G.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 IS generated at combining
20 points (discontinuous points}) of a plurality of clusters.
[0073] Thus, when the modulation level is high, that is, when the
Huclidean distance between signal points is short and robustness -
against ISI (allowable 18I} is low, the number of clusters of the

C-SC-FDMA signal is reduced (or the cluster size ts widened). This

lessens 1SI against the C-SC-FDMA signal.

3
Ln

[00747 On the other hand, when the modulation level is low, that is,

when the FEuclidean distance between signal points is long and



into a plurality of clusters according to the cluster pattern determined by scheduler 112 (the number of
clusters or cluster size). That is, division section 212 divides the SC-FDMA signal in accordance with a
cluster pattern with a smaller number of clusters (or the wider cluster 5e) for a higher modulation level
indicated in the MCS set that is set 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.Rtiebergholustats inctaaseslas! Shovn it FIG Sie(four BRister #0563 in FIG.5A),
that is, the cluster size per cluster becomes narrower. As shown in FIG.5A, di\éi);ion ction 212

divides the SC-EDNIAFSIGAAI sspaelrimumBARi 18 BIBEEFE of Widtere 46 Yo 43 and mapping section

213 maps four clusters 40 to 43 to discontinlous frequancy, reSOM Gesy AsnshowRdn ict6.5A, a
C-SC-FDMA‘”%Hﬁ%I wit eacél?gsﬁeﬁﬁrr{mj eareo?[lglﬁlgters (naU}?OW clugter size) is thus generated. [0070] On

the other hand,whensthe: ragdulatiom schemea is 64:QANMND @andtiationyleVap High), Stheduler 112
determines a cluster pattern (the number of clusters or cluster size) as %ghgt\évn in Flo.que so that the
IS,

number bf clfistgrs tecréises (twoedfasters HO WAUHAL AT FRS.BB) hat & the dlEr Si%e becomes

wider. As shown in F1G.5B, djvision section, 212 divides the SC-FRMA signghiskRectrum) into two
clusters of cIﬁﬁ@F%lﬂ?@ agﬁa%llué%eri%vf%hdﬂr}r?agﬁ?ﬁ{gbsection 21% maps cluster #0 and cluster 41 to

discontinuous frequency r@pog{geseq'ﬁram@s shewneinFi&ibB i@ Ca8CerDMAsIgrakwith a low
number of clusters (wide cluster size) is generated. [0071] Terminal 200 then transmits the

C-SC-FDMAisigrakshowhan RIG . 5A (modatation) schehie? QIBSKY B GEB [dtihatidh scheme: 64
AL M B R s e,
proces%i?g- This.allows base,statian 100 te ohtain asignaliafies laesclusteticombiration as shown in
F1G.6A (modulation scheme: QPSK) or FIG.6B (modulation scheme: 64 QAM). 10[0072]As shown in
FIG.6A, when¢heanodilationdevetdigwio the present setting method, the terminal
divides the SC-FDMA signal by the number of clusters {or cluster size)
accord;ng to the modulation level indicated in the MCS set. Thus, for
a higher modulation level (lower allowable 1SI), 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 18I), the terminal increases the number of clusters of the
C-SC-FDMA signal, and can thereby improve the frequency diversity
20  effect. Thus, the present setting method can improve transmission
characteristics according to the modulation level, and can thereby
improve user throughput for each terminal while maintaining the effect
of improving system throughput by C-SC-FDMA ({by clustering an

SC-FDMA signal) no matter what the modulation level is.

[
L

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

thereby control ISL Thus, when, for example, adaptive



(modulation scheme: QPSK), the number of discontinuous points in a fluctuation of the equalized
channel gain in the combined signal is 3. On the other hand, as shown in FIG.6B, when the modulation
level is high (modulation scheme: 64 QAM), the number of discontinuous 15 points in a fluctuation of
the equalized channel gain in the combined signal is I. 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 20points (discontinuous points) of a plurality, of clusters LO&)LZIZBJ Thus, when
the modulatian develistighthel iso $inen(thémticlitlS4A T EIHR %ﬁ/\/‘é‘é%n&%naq POINts is short and
robustness against ISI (allowable 1S)) is low, the ny of 5 af the-CeQeFRMéy signal is
reduced (or H¥ Elustar&ioe ié%?ﬂ%eniédilifhi%ﬁ%%sé{r%ﬁgsﬁ ag%a%z&ﬁtgt?ﬁ:-%%-é%MA signal. [0074] On
the other hand, when the madulation levglis: low, thad isouhemibe Eeclileapndistnde between signal
points is long ande robustness against 1ST (allowablelS!) is great, the number oﬁlcl sters of
C-SC-FDMﬁaﬁi@mahiskllacée@sedt(ﬂmtclime@@iw@%&?dm@?'Fﬁfé“éausgé‘r‘ﬁo 1%;&5“?&5 to be
mapped to a plurality of frequency resources having different chapnel fluctugtions, and,can thereby
improvethe fiéggéncy dﬁfé?%it%%ﬁ]éfct?%&ﬁe%% aé% sﬁg\?\?ncfn ﬂGQgﬁ%lv%%%ﬁ%?m%%ﬂlaﬁon level is
lower, the number,of discontipugiis ainis .2 fluet/aten of daerequalizedsdbanniengaiesin the
combined S|gna?|ncreases (that is, ISI increases). However, since the robustness against ISI
(allowable 1§T)hgcames greatarfaschemativlationievep 1odé8ledks  thd 1RfIGEHES BF 1SI on
transmission characteristics is less. [0075] Thus, according to thea reseRksel ing methqd, the terminal
divides the STREDNIRe sigAGS bl TRE MEMBENBFLIEIEFES S chister Size) according to the modulation
level indicategéin t%e MCS set. Thus, fot & highermadulalion iexet dloyiar alleviahle 1560s the terminal
reduces 15 the*htMber of clusters of the C-SC-FDMA signal (reduces the number of combining points
(discontiguous, pQints)felisters)h andmarnthersby reduegtSttFurthermore, for a lower modulation
level (greater allowable ISI), the terminal increases the number of clusters of the C-SC-FDMA signal,
and can theréb?ﬁﬁﬂpro@éﬂﬁ@%ﬁi‘@éﬁ%@? éi\?@rsity 20effect.Thus, the present setting method can
improve transmission characteristics accordin : dlation level, and €an tharelyyimprove user
throughput for each tAélrmﬁw‘%ﬁ Y ﬁiIcearsneaf}r}latgi%fjnaggt%%g(—é}f(?ftegc}tqg1Elj il?ngp%{(;\lligr??slystem througﬁ?l:yt by
C-SC-FDMA (byclust@/@fion 211 divides the SC-FDMA signal by the number of

clusters corresponding to the moduiation jevel indicated in the MCS set

o
L

that ic set in the C-SC-FDMA signal, according 1o the present setting
method,.setting section 211 maps a plurality of clusters to frequency.
resources at a cluster spacing corresponding to the modulation level sei
in the C-SC-FDMA signal. _
{00781 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 Srror (MMSE) approach or
the like whereby a reception specirum received after propagating
through a frequency selective channel is not completely reconstructed,
25 a difference in équzﬂized chanpel gain (power difference and amplitude
difference, and phase difference when there is a channel estimation

error) at combining points (discontinuous points) of a plurality of
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SC-FDMA signal) no matter what the modulation level is. 25[0076] Furthermore, the present setting
method determines the number of clusters (cluster size) according to the modulation level, and can
therebycontrollSI. Thus,when,forexample,adaptive modulation/channel coding (Adaptive Modulation
and channel Coding: AMC) control is used, the base station determines the number of clusters (cluster
size) according to the modulation level, controls 151, and can thereby estimate instantaneous ISI
beforehand. Thus, the base station is more likely to be able to select an accurate MCS set in
accordance with instantaneous receiving quality (e.g. instantaneous SINR) with the influence of
instantaneous; {St4aken dRia @ogpunt CTRAS Fihe/gresantadettingemrathothse Betsthnraderate IVICS set,

and can thereby reduce the number of retransmissions due to transmission eréors ]El,?‘r(aé?nd can thereby
further improle: tsesiethrougut s [0B77 [ESBHiABEnTathoEr 15P30108 A hgﬁjﬁﬁj G i been

described in setting method 1 whereh §etti$g %?ﬁgpn“%%givj@qsggg&%f%g@ signal.by the number

of clusters cd;rr%épdn mggtroet € modulation level indicated in the MCS set that is set in the

C-SC-FDMA signal agserdlingiterbe presarb settingsmatbedosettingisaction 211 maps a plurality of
clusters to frequency resources at a cluster spacing corresponding to the modulation level set in the
C-SC-FDMASIgRAL,  THee78kThedindef thehelubter sHacikl dethE Cisé-FBMA dighhf the 20lower is

the frequency coyrelation between channels.through y&@ch each cluster propagates. .Lhus, when base
station 100 aﬁ‘ﬁfé‘é?%tdﬁgli Sﬁgg 6]?108018%%?% baséd on a mfnﬁ%ﬁr}ﬁa%ggn ‘square error (MMSE)

approach or the Jike;whereby aeception;spectruwereeived:afier propagating througha frequency
selective channel is not completely reconstructed, 25 a difference in equalized channel gain (power
difference antsamplitutie differéhce, arel prelse diffeférrenivhen thelecbig tharifed Bstination error) at

combining points (discontinuous poinéf&ﬁof a %Iurali%(/of.&:usters m%kérr\gc&jgs%c-sg-EQMA signal
increases antPISEEREFRTS IREHRaR el (PRHT iB2HHE Tuidlerthd tidter Spacing of the C-ST-FDMA

signal, the oreqler isSIsln ofherworgs. 1ST.becomes:legnasdhelusiar spacipg nfdhe C-SC-FDMA
signal becomes narrower.
narrower cluster spacing for a higher modulation level indicated in the
MCS set that is set in the signal transmitted by terminal 200.
[0080] Hereinafter, this will be described more specifically. Here,
suppose the number of clusters is 2 (cluster #0 and cluster #1 shown in
15 FIG.8A and FIG.8B). Furthermore, as with setting method 1-1, a case
will be described where QPSK (modulation level: low), 16 QAM
(moduiation level: medium) and 64 QAM (modulation ievel; high) as
shown in FIG.7 are used as the modulation scheme. Furthermore, 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.
f0081] Scheduler 112 of base station 100 narrows the cluster spacing
for a higher modulation Jevel. To be more specific, as shown in FIG.7,
scheduler 112 widens the cluster spacing for QPSK of 2 low modulation
jevel. 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,

31



[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 signal) to a plurality of discontinuous frequency resources in accordance with a cluster
pattern with a narrower cluster spacing. 10That is, scheduler 112 determines a cluster pattern
indicating a narrower cluster spacing for a higher modulation level indicated in the MCS set that is set
in the signal transmitted by terminal 200. [0080]Hereinafter, this will be described more specifically.
Here, suppose the number of clusters is 2 (cluster #0 and cluster #1 shown in 15 FIG.8A and F1G.8B).
Furthermore ;asiwith sefting ynethaghkt a caseowill becdeseribed wietq:@RSK (moadutation level: low),
16 QAM (modulation level: medium) and 64 QAM (modulation level: high) as shown in FIG.7 are used
as the modulatfornekiemed pElirdismmens cHE Witk SeEiAY ATdEeRY 12118 BarihRidhe Bf the respective

C-SC-FDMA 20signals in FIG.8A and FI1G.8B.are the same, [0081] eduler 112 e station 100
narrows the Qlist ‘f%ﬁéscfin% 8P4 I%lg éjrerﬁéﬁldféﬁ?lor? %’\S/eel% foig%rr%o gpggigéifi%r}}aéig%gai in FI3.7,
scheduler 112.widens 4lg 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 11pdétrmiResisi cluster pattefr thatfmatiches te tlostet 'Spatint (Wit ntédium, narrow)

according to the modulation level (low, medjum, high).Base station 10Q.reports fre y resource
information irftitidiRy Yectrum tibisiohamt riﬁgﬁgﬂ%g{hén it eér%mmqu?? weedlsd A

into two clusters according to the spectrum division information (here,
the number of clusters: 2). Furthermore, mapping section 213 of
setting section 211 maps the two clusters to discontinuous frequency
10 resources according to the cluster pattern {cluster spacing) determined
by scheduler 112. That is, mapping section 213 maps the plurality of
clusters to a plurality of discontinuous frequency resources in
accorﬁance with a cluster pattern with a narrower cluster spacing for a
higher modulation level indjcated in the MCS set that is set in the
15 signal transmitted by the terminal.
[0683] When, for example, the modulation scheme 1s QFSK
{modulation level: low), scheduler 112 determines a cluster pattern
(cluster spacing) so that the cluster spacing becomes wider as shown in
FIG.8A. Mapping section 213 then maps the two clusters of cluster #0
20 and cluster #1 generated by dividing the SC-FDMA signal (spectrum)
by division section 212 as shown in FIG.8A to discontinuous frequency
resources separated apart by the frequency spacing shown in the cluster
* pattern. As shown in FIG.8A, a C-SC-FDMA signal having a wide
frequency spacing between cluster #0 and cluster #1 is generated.
25 [0084] On the other hand, when the modulation scheme is 64 QAM
(modulation level: high), scheduler 112 determines a cluster pattern

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

L
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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 section 213 of setting section 211 maps the two clusters
to discontinuous frequency 10 resources according to the cluster pattern (cluster spacing) determined
by scheduler 112. That is, mapping section 213 maps the plurality of clusters to a plurality of
discontinuous frequency resources in accordance with a cluster pattern with a narrower cluster
spacing for g higher smodulation level indidaietiiin thepiGS setthat i3 settimetherGsigival transmitted by
the terminal. [0083]When, for example, the modulation scheme is QPSK (modulation level: low),
scheduler 110 deerminés d etisterisatterd (IUsterspALings 86 Mt theYclUSIepaciAbecomes

wider as shoun p FI SAMaRDIg el 243 11991303 116 Brousters o lysier 40,20 and cluster

#1 generate al (spectrum) by division section 212 as shown in FIG.8A

to discontinupus, freUeRsYJeRQUIGes SeRataire.apart by:tieceanencypapacingishowinn the cluster
pattern. As shown in FIG.8A. a C-SC-FDMA signal having a wide frequency spacing between cluster
#0 and clusteh#cisgenaratedn25 100849 ®n thefdthidhand; Wieh i fhoderdtotr<éhéme is 64 QAM

(modulation level: high), scheduler 112 determines a cluster pattern (cluster,spacing) 0 that the
cluster spacifigBééo 8%%%&\?3@8%&%%%” il liil%f}h%? %2 s né%vér:l ‘Igﬁ:’ %fG%:{E}B?S:rfﬁpp?ng section 213
then maps twp. clusters of cluster 40 and cluster-41 generated by dividing the SC-FDMA signal
(spectrum) by division section 212 to discontinuous frequency resources separated away by the

frequency spaeirig sholenrribethe usten pattermiAs shown HCFIG BB aigrsCHDMA Signal having a

wide frequency spacing between cluster 40 and cluster 41 is thereby generated. [0085] Terminal 200
then transmitE tHeb&- SBEDRIACG G SRS fr &) OF ikttt Skl

10 QAM) to base station 1060, Thas, base station 100 obtains a signal
after the cluster combination as shown in FIG.9A (modulation scheme:
QPSK} or FIG.9B (modulation scheme: 64 QAM).

[00867 When the modulation level is low {modulation scheme: QPSK)
as shown in FIG.9A, the frequency spacing between cluster #0 and

15 cluster #1 is wide and the frequency correlation between clusters is fow.
Thus, as shown in FIG.8A, the difference in equalized channel gain is
large at the combining point (discontinuous point) of the clusters. On
the other hand, when the modulation level is high as shown in FIG.8B
(modulation scheme: 64 QAM), the frequency spacing between cluster

20 #0 and cluster #1 is narrow and the frequency correlation between the
clusters is high. Thus, as shown in FIG.9B, the difference in egualized
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.



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 F1G.9A (modulation
scheme: QPSK) or FIG.9B (modulation scheme: 64 QAM). [0086] When the modulation level is low
(modulation scheme: QPSK) as shown in FIG.9A, the frequency spacing between cluster 40 and
cluster 41 is wide and the frequency correlation between clusters is low. Thus, as shown in FIG.8A,
the difference in equalized channel gain is large at the combining point (discontinuous point) of the
clusters. On the other hand, when the modulation level is high as shown in 1710.8B (modulation
scheme: 64 QAlY; therfreguaney spacingdhatveen olusiets2Bid0andicluster Adbgshasssw and the
frequency correlation between the clusters is high. Thus, as shown in FIG.9B, the giff rence in
equalized chegwielsgailSis Sl uete cBrhbining ot (distonfiHtidEs paif 8Fth8 clisfers That is, as
shown in FIG,9A and FIG9B, the higher the modulation leye I is the diffe in equalized
channel gainCZ§ Gt “éé’m%i%ﬂ% pl)giﬁjta(é%‘ggr(%inu%ﬁs%g%t)gg %g \(,:Ylﬁgs%g&sETﬁuﬁs {ﬁ?ﬁgher the

modulation leyel.the iessJs L5l generatesidue 4o, discomtinuity at tbessbhabiningdaintimong a
plurality of clusters. [00871 Thus, when the modulation level is higher, that is, robustness against IS!

(allowable LSt il thwe - tHe-Eldfey sigzgihg of the C-SC-FDMA signal is narrowed. As with setting

method 1-1 (when the number of clusters is reduced), this. makes it possible to reduce, 181 with the
C-SC-FDMA[Qi%%J. [08§8‘]%fnclﬂbegttﬁaer}q1a‘ﬁ ?\%ﬁ%ﬁ 8%%%)%&?&%%\%;& ?s Iovvrér, that is, robustness

against 181 (allayable 190,15, greater. e clpsten spacing ebiae, Gh8GHRBIMA sigoai s afidened. This
makes it possible to improve the frequency diversity effect resulting from mapping a plurality of 10
clusters to freguencyTeBbarces sepdratedifirthat. frofh snotrétiielt HOWaLET, WhShRtHY fnodulation

level is lower, the spacing between clusters makingﬁu%thgrc-SC-FDMrﬁ Si ”%'Q%a\{‘{ide%?d’ and
therefore, as SIS0t .oBIY. oN V& IHiféieRtE AT EGUANS et CRarREr BHIA at the comgyining point

(disconguous paint of g, gisters, Decomes arealar i ihabis il nereasesh However, since the

lower the modulation level, the greater is robustness against ISI (allowable ISI), the influence of ISI on
transmission gharactelistics:is less. {008k Tbus,lasedrdingdo the presentsitting PR, the terminal

maps a plurality of clusters to frequency resources ata clluster sfacggg 2nd therefore. as
clusters making up the C-SC-FDMA signal 1s widened, ,
shown in, FIG.9A, the difference in equalized channel gain at the
combining point (discontinuous point) of the clusters becomes greater
15  (that is, IS8T increases), However, since the lower the modulation level,
the greater is robustness against ISI (allowable 18Iy, the influence of
IS1 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 leve! indicated in the MCS set, Thus, by
narrowing the cluster spacing of the C-8C-FDMA signal (by increasing
the channel frequency correlation among a plurality of clusters) for a
higher modulation level (low‘er allowabie ISI), the terminal can reduce

1S]. Furthermore, by widening the cluster spacing of the C-SC-FDMA

signal for & low modulation level (greater allowable ISI), the terminal

[ 3]
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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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 IS!), the terminal can reduce IS!. Furthermore,
by widening the cluster spacing of the C-SC-FDMA 75 signal for a low modulation level (greater
allowable 1ST), the terminal can improve the frequency diversity effect. Thus, according to the present
setting method, as with setting method 1-1, it is possible to improve user throughput at each terminal
while maintaining the effect of improving system throughput hy C-SCTFDI\QIIA (&rtlatpi%@@{ clustering the
SC-FOMA signat)yno mattehvivathiiet iabdaelics 18V [0S0 PEURRE AN ore, the present setting

method determines the cluster 5 spacing.according t@ the modulation levelyand sarithereby reduce
151. Thus, & WHPERLIAE Mty tf‘-ﬁ%%ﬁl@ﬁl A C%cogntrol is usegt, the base station determines a -

cluster spacing %@ng@mitggamquﬁgm}awahanda:ammi$_a1&h amaetan thereby estimate
instantaneous 1ST beforehand. For this reason, the base station selects an a&gurfltetlvlcs set

according 1Q ¢o instarkaneeuseceiingrgasdity (e i mstAtAREA R SRR Witl the hfilience of

instantaneous ISI taken into account, and can therepy reduce, the number of, ketraasmissions caused
by transmissioA%AracandFithe? imﬁr%gﬂ & ?ﬁro%gﬁ%u‘ti.n[e%ocgkaettin}éomethod 1-3> According to

the present sgtting method, setting section 211 diyides e 8C-FHRMA signal by dhe husaber of clusters
(the number o |\’/i5|onsﬁ according to a cod nsize (code block size) set in a C-SC-FDMA [0092] Since

the greater the,coding-size: thes highbrss thepesding trinr2dper Brék edhettity ©ba%iS), robustness

against 151 (allowable 151) increases. In other words, since the smal ingisize, the lower is
the coding gaimd(srarrer toirbcting EpARR)T P BEERESE Sghist @lﬁr 13¢ sectae

For this reason, the base station selects an accurate MCS set according
10 to instantaneous receiving quality (e.g. instantaneous SINR) with the

influence of instantaneous IST taken into account, and can thereby

rednce the number of retransmissions caused by transmission errors and

further improve user throughput.

10091] =«<Setting method 1-3~

According to the present setting method, setting section 211

—
L

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

divisions) according to a coding size (code block size) set in a

C-SC-FDMA signal.

r0092] Since the greater the coding size, the higher is the coding gain
20 (or error correcting capacity), robustness against 181 (allowable 18%;

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

is the coding gain (or error correcting capacity), robustness against ISI

(allowable ISI} becomes smaller.

[0093] Furthermore, assuming that the coding rate and modulation
2% ievel 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.



(allowable 151) becomes smaller. [0093] Furthermore, assuming that the coding ate and modulation
25level with respect to a signal are fixed, the smaller the coding size, the narrower is the bandwidth
allocated to the signal in the frequency domain, that is the number of allocated RBs decreases. [0094]
Therefore, setting section 211 preferably sets an arrangement of a C-SC-FDMA signal (a plurality of
clusters) in the frequency domain such that the smaller the coding size set in the C-SC-FDMA signal
transmitted by the terminal (or the smaller the number of allocated RBs), the less is 151. [0095] Thus,
according to the present setting methodsetting section 211 divides the signal (SC-FDMA signal) in
accordance puitty & clutes paitern with:e sraliernidiber 8f 1a81srs i eAuniber BBt iters per certain

unit bandwidth) for a smaller coding size (for g smaller number 10 of allo¢ated-RBg) s€¢ in the signal
transmitted 18 tie ferdiinaP ¥t %‘,%ﬁeé%léﬁﬂaﬁ gte?%ir%%%sﬁi élsﬁster pattern ir?dicati%\g a smaller

number of clysters for A gmaller sding.size seidn.e signal anamited bydesming) B00. AS in the
case of allocation metho 1-1, setting section 211 may also divide the signal (SC-FDMA signal) in

accordance wigh & 1bcluster-patteny with awwidemeluster side formadiaalEr cobgsse %ot in the signal
transmitted by the terminal (or for a smaller number of allocated RBs). [0096]Hereinafter, this will be
describetl meteospediiBaR) Hefeleag dhdwh in F10.10, a case will be described where a coding size

(large, 20 mﬁggjé%slrﬁps(ogctggrgy@b% of allocated RBs (high nediunedawy) isused. Furthermore,

in FIG.11A a , suppose an"MCS set (coding rate and modulation level) set in a

C-SC-FDMAsignaljsdixeth {0097l:Satsatient 22sieates theawonibercef ¢listérs (Widehs the cluster

size) as the coding size decreases (as the number of allocated 25 RES be oCTes smaller). To be more
ha

specific, as showaTin FiE, 20sSehEduRIL o defefinkd S E0&EM RN that Wat

mat{:%gse}fhe number of
clusters (high, medium, low) (or cluster.size (AT JBEAYTWdED: & smaller number

10 of allocated RBs) set in the signal transmitted by the terminal. That is,
scheduler 112 determines & 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 sef in
the signal transmitted by the termina! (or for a smaller number of
allocated RBs).

[0066] Hereinafter, this will be described more Spacif'icaliy. Here,
as shown in FIG.10, a case wiil be described where a coding size {large,

20  medium, small} (or the number of allocated RBs (high, medium, low})
is used. TFurthermore, 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 (#s the number of allocated

25 EBs becomes smaller). fo 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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according to the coding size (large, medium, small) (or the number of allocated RBs (high, medium,
low)). Base station 100 then reports spectrum division information including the determined cluster
pattern (the number of clusters or cluster size) and frequency resource 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 #0 to 45 in FIG.11A), that is, 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 {ahenthe mintberotiaipcaited RBsds lowd; sohesuiell 1 121dEermiresahe Eluster pattern
(the number of clusters or cluster size) such that the number of clusterlso(éeé:{eases tvg%)n clusters #0

and #1 in FIGy eytahaRBsis (bheloluded i¥ve B880mes Widsr 88 HR8wn In FIST 1828 With setting
method 1-1 (FIG,513)- 10099IDIIsian eelian:f15.ef setling seelaniall duides an.8e-rDVIA signa
ty 0

(spectrum) inﬂ%eﬁtfﬁlunral clusters based on the number of clusters (or cluster size) indicated in the

cluster patteri20 shewsrin HGdAlAansFle. 1iRisThat iszejvision séotipre24? divides tiie signal in
accordance with a cluster pattern with a smaller number of clusters (or wider cluster size) for a smaller
coding size Set{irrthe sigrial tegisiitetBy the terminal (for a smaller number of allocated

Pased o TreduBri 1685Lite oAt o100 TRuLEufan the Lafing See e aies (when he
number of = ;jigcated RBs is high), scheduler 112 determines a cluster patlern {the
number of clusters or cluster size) as shown in FIG.11A such that the
number of clusters increases (six clusters #0 to #5 in FIGITA), that is,
10 the cluster size per cluster becomes narrower as with sefting method
1-1 (FIG.5A). On the other hand, when the coding size 1s small (when
the number of azllocated RBs is low), scheduler 112 determines the
cluster pattern (the number of clusters or cluster size) such that the
number of clusters decreases (two clusters #0 and #1 in FIG.11B), that
15 g, the cluster size becomes wider as shown in FIG.TIB as with setting
method 1-1 (FIG.5B}.
[0099] Division section 212 of setting section 211 divides an
SC-FDMA signal (spectirum) into a plurality of clusters based on the
number of clusters (or cluster size) indicated in the cluster pattern
50 shown in FIG.11A or FIG.11B. That is, division section 212 divides
the signal in accordance with a cluster pattern with 2 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 discontinaous frequency resources based on frequescy resource
information.

[0100] Thus, when the coding size 1s smaller {when the number of



allocated RBs is smaller), that is, when robustness against 1ST (allowable 131) is lower, the number of
~clusters of the C-SC-FDMA signal is reduced (or the cluster size is widened) as with setting method
1-1. This reduces the number of discontinuous points of a fluctuation 50f the equalized channel gain in
the combined signal in base station 100, and can thereby reduce 1ST with the C-SC-FDMA signal.
[0101] Furthermore, when the coding size is larger (when the number of allocated RBs is higher), that
is, when robustness against 131 (allowable 15I) 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 disgeriipOUR peints ofafiliet)atioh:of the eglislizedocitines yairtf Mbrdade in the
combined signal, but base station 100 performs efror ¢ rregtlgr%geg?dwg \%E E‘Igg%gdmg size, and
a greater coding gain while

can thereby lmprovebtise Fdyudnd Uiversh§ SHERPEhd obtaln

suppressing the influence of allowable 151, [01Q2] Thus,;aceQreing te the preseptsettiog method, even
when the terﬁ%ﬁlna%dll\%iaeegut%%gs%fgt%MA sEi'gnaI byethe nbmber of clusters (the number of divisions)

according to the coding size(es tha numbee ofudllotated: RBs) it i pussibleatélimprotie user throughput

at each 20 terminal while maintaining the effect of improvingjdsyste ,thr%?eh[s)tut bg/ C-(%:-FDMA (that
Wi

is, by clusteringtiire QCaEDIMACkIRAT 56 ARSOH IR ES TG E2d s tUSHing method 1-1.

[0103] <Setting method 1-4> According.to tl sent setti setting section 211 25 maps a
IG5 LS L DMN el 16 hacubnty rEne.

plurality of clﬁ% signal to frequency resources with a cluster spacing
Co”espondi“@%@]Coqﬁﬁ%&%leh@, numBenaf allacatedi RBS) setdara(@I8@-EBMASIBRAl. [0104]That

is, according to the present setting method, ' ‘
of allocated RBs is higher), that is, when robustness against IS
(allowable IST) is higher, the number of clusters of the C-SC-FDMA
10 signal .is increased (the ciuster size is narrowed) as with setting method
1-1. This causes the number of discontinuous points of a fluctuation
of the equalized channel gain to increase in the combined signal, but
base station 100 performs error correcting decoding with a large coding
size. and can thereby improve the frequency diversity effect and obtain
15 a greater coding gain while suppressing the influence of allowable ISL
[0102] Thus, according to the present setting method, even when the
terminal divides the SC-FDMA sign.ai 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 terminal while maintaining the effect of improving system throughput
by C-SC-FDMA (that is, by clustering the SC-FDMA signal) no matier
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 o a coding

size (the number of allocated RBs) set in a C-SC-FDMA signal.



section 211 maps a signal (SC-FDMA signal) to a plurality of discontinuous frequency resources in
accordance with a cluster pattern with a narrower cluster spacing for a smaller coding size (for a
smaller 5 number of allocated RBs) set in a signal transmitted by the terminal. That is, scheduler 112
determines a cluster pattern indicating a narrower cluster spacing for a smaller coding size (or for a
smaller number of allocated RBs) set in the signal transmitted by terminal 200. [0105] Hereinafter, this
will be described more specifically. Here, 10 suppose the number of clusters is 2 (cluster #0 and
cluster 41) as with setting method 1-2. Furthermore, as with setting method 1-3 (FIG.10), a case will
be describeq@sghowrinf1G,12 whertthe todihg sizestaiges aviermrm el (8FtHahumber of

allocated RBs (high, medium, low)) is used. Furthermore, in FIG.13A and FIG. syppose the MCS
set (coding reetimel MdHUIEYEY level) €8tih é%@%ﬁwﬁéﬁﬁf is fixed. fﬁg%%‘g%hedmer 112
narrows aclyster spacing f rasmallgr gg)gm.ge%izlfﬁ(BQI’GQT%@Q.@@I’\{}HIE]@EM@HQ@Q@{BBS). To be

- more specifig,l Sa%ggﬁgv‘\}ﬁt?ﬁ ?—rlaufﬂcécﬁeduler 112 determines a cluster pattern that 20 matches the

cluster spacigg fWides medin farpw) acearding dosthe! coding size flaegefanedigm!lsmall) (or the

number of allocated RBs (high, medium, low)). Base station 100 the%rggor{s freguen resource
“of

information inchuding spectant eiviBiBa infsFmation (815! (iR RMBLF G tlustsrs“ 2 and the determined

cluster pattern (cluster 25spacjng) rminal 200, [0107]\Whep, for.examplesitha eeding sizelarge (the
number of ali%%%lftedSRBSsCEg }lgiﬁg, stgwbsdglé%rgﬂzlz cfetermines a cluﬁs%{er pattern (cluster spacing) such
that the clustef spacing.besemes wider as shown iNTEIG:48#assidth settifigmmethvg 1e2 (FIG. 8A), On
the other hand, when the coding size is small (when the number of allocated RBs, |§85 all), scheduler

112 determinesssbeluster atie (Bbstes epaeitt) sUSHtHAR & LGP X585 Bedmes narrower as

shown in FIG['&?(?S?S Hereinafter, this will be described more specifically. Here,

10 suppose the number of clusters is 2 (cluster #0 and cluster #1) as with

serting method 1-2. Furthermore, as with setting method 1-3 (F1G.10),

a case will be described as shown in FIG.12 where the coding size

(large, medium, small) (or the pumber of allocated RBs (high, mediam,

low)) is uwsed. Furthermore, in F1G.13A and FIG.13B, suppose the

15 MCS set (coding rate and modulation level} set in a C-SC-FDMA signal
~is fixed.

[0166] Scheduler 112 narrows a cluster spacing for a smalier coding

size (for a smaller number of allocated RBs). To be more specific, as

shown in FIG.12. scheduler 112 determines a ciuster pattern that

70  matches the cluster spacing (wide, medium, narrow) according to the

coding size (large, mediurﬁg small) {or the number of aliocated 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 pattern {ciuster

o]
h

spacing) to terminal 200.
[0107] When, for example, the coding size is large (the number of

allocated RBs is high), saheduiér 112 determines a cluster pattemn

3%



with setting method 1-2 (FIG.8B). [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 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 plurality of clusters to a 15
plurality of discontinuous frequency resources in accordance with a cluster pattern with a narrower
cluster spacjng.fara spaslieg codingtsize (aesmialiernumberobanoste " REY) etihs dignal
transmitted by the terminal. [0109] Thus, when the codj ize is smaller (t f allocated 20
RBs is smaller)Fiad i vikier idbagiHess Bgalnd @ﬁdﬁgﬁaﬁg 18%S ?s?gévgﬁ%gnﬁ%%r spacing of

the C-SC-FDMA signal is .agrowed as gvljggﬁe ting nethod dwd cFhus, 4 frequer@s correlation
between clugfg%’(Iﬁé‘?e?%{é}t%gﬁzglugter 40 anitd cluster #1) becomes higher. Since a fluctuation of the

equalized chapngh gaipralicesmbining peists 7hédiscoritintiouspoirts) of s EtErS HEGGMe moderate

(that is, the difference in equalized channel gain becomes smalle% ISI }I}VI%Q %q-%ﬁDMA signal
can be reducedh [0k10}Fustheitsiore 26#dh RRECEBEY NS dry ?“?t‘ﬁ]e number of allocated RBs is

higher), that is, robustness againsf_l?l(ﬁlg?\@@l?_le IS!)

with seifing method
[0108] Division section 212 of setting section 211 then divides an
SC-FDMA signal (spectrum) into two clusters of cluster #0 and cluster
41 as shown in FIG.13A or FIG.13B based on spectrum division
16 informa.t.tion (iwre, 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 plurality of clusters 10 2
15 plurality of discontinuous freguency rescurces 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 iransmitted by the
terminal.
[6109] Thus, when the coding size is smaller (the number of allocated
70 RBs is smaller), that ig, when robusiness against ISI (allowable ISI) 18
tower, the cluster spacing of the C-SC-FDMA signa!l is narrowed as
with setting method 1-2. Thus, the frequency correlation between
clusters (here, between cluster #0 and claster #1) becomes higher.
Sinece 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), IS1 with the

C-SC-FDMA signal can be reduced.



is higher, the spacing of clusters making up a C-SC-FIDMA signal is widened as with setting method
1-2.Although this causes the 5 frequency correlation between clusters (here, between cluster 40 and
cluster 41) to become lower (fluctuation of the equalized channel gain at combining points
(discontinuous points) of clusters becomes drastic), by performing error correcting decoding with a
large coding size, it is possible to improve the frequency diversity effect and thereby obtain a 10large
coding gain while suppressing the influence of allowable 151. [0111] Thus, according to the present
setting method, even when the terminal maps a plurality of clusters to frequency resources with a
cluster spacing tHiat niadcties ther codifig si28 {or s mLIMEEr o AnoBatelt B REpoSEible to improve

user throughput for each terminal while 15 maintajning the effect of iprqvi tem:throughput by
C-SC-FDMAstBY ElissteRifg ah @@bﬁﬁmﬁ%‘idﬁali%o“r%%‘ﬁé? W %ﬁﬁe@fd%&%%%ﬁ as vxllsilth setting

method 1-2. [p1A2}sSetfno methad 1:5% Accordinadorie pieseut seinpoathddrseting section 211

20 divides an SC- Ba signal by the number of clusters (the number of divisions) accordingtoa

coding rate indicated in.an M@S setthat ismsehinia C-SC-FBMAsighalties 1 SPREET dakS of the same

coding size, longer encoded data is = generated as the coding rate decr?‘_a es. ;Bagh% the lower the
a

s
coding 25ratérshaehighe? I5THE COBIMS TAiT Lo BT Cofretting CApA&Hy)S and T

nd robustness against ISI

(alowabie 151 thereby reases 1 oNeE s Sigs B0 e R i hgwer ' he
coding gain (f)r error correcting capamty%, and robustness against 1ST (allowable 1ST) thereby
decreases. i combining points (discontinuous points) of clusters becomes drasiic),
by performing error correcting decoding with & large coding size, it is
possible to improve the frequency diversity effect and thereby obtaln &
10 large coding gain while suppressing the influence of allowable ISL.
[0111] Thus, according to the present setting method, even when the
terminal maps a plurelity 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 1s as
with setting method 1-2.
f0112] <Setting method 1-5>
According to the present setting method, setting section 211
50 divides an SC-FDMA signal by the number of clusters (the number of
divisions) according to & coding rate indicaied in an MCS set that is set
in @ C-SC-FDMA signal.
[6113] With data of the same coding size, longer encoded data is
generated as the coding rate decreases. That is, the lower the coding
75  rate, the higher is the coding gain (or error correcting capacity), and
robustness against ISI (allowable ISI) thercby increases. In other

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

41



[0114]Thus, according to the present setting method, setting section 211 divides a signal (SC-FDMA
signal) in accordance with a cluster P pattern with a smaller number of clusters (the number of clusters
per certain unit bandwidth) for a higher coding rate indicated in an MCS set that is set in the signal
transmitted by the terminal. That is, scheduler 112 determines a cluster pattern 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 s setdprihe Signal dsansmitted: By thiedemeinalaas with BlbdadonvaslisodSt)
1510115]Hereinafter, this will be described more specifically.Here, as shown in FIG. 14, a case will be
described whbrsdhe é6diig ¥ate (low, medium, high) is used. Furthermore, suppose the coding size

and modulatip eyl (odulation sehiems) ate fxed e (3 JGkaeheaules iz reduigs the number of

clusters (Widé 70 clstér size a higher coding rate. To be more specific, as shown in FIG. 14,

scheduler 112;detgrminas 2 cluster patterpthiat miatehes the numbemckclusters (kighienedium, low)
(or cluster size (narrow, medium, wide)) according to the coding rate (low, medium, high). Base station

100 thersrepors spectitin divisiondnformdsancanel 15fas Ry TRLRcd InfdhhdtiSntiRciuding the
determined cluster pattern (the nu

| mper.of clusters or cluster size) inal;200. [} &ZWhen, for
example, thec(%a%’@ tlé?éiléjﬁ:}wwsidﬁg%jdf)ezr &]gi er ca%ﬂ‘lg §7¢) fpderminali 200, (Al &4

che etermines a cluster pattern (the number of clustérs or

cluster size) such;that the numperpf clustars ingreasese thatys tihe clustarsize (Féracluster becomes
narrower as with setting method 1-3 (FIG.11A). On the other hand, when the coding rate is high,

scheduler 112ctletninings 2 chister pattetrefthid STURTHER S ERISEETTHY &lUSReT 6} SR that the

number of clusters decreases, that is, the cluster size becomes wide Wit ' yethod 1-3
(FIG.1113). [@fl‘é}ﬁi‘iﬁé?oiﬁoéle%ﬂﬁﬁkffZCBfié’é’ﬁiﬁ%t%elgt%ﬁaéﬁ %v%ésﬂﬁ%é%gﬁg gsiggn%tl (spectrum)

intoapl%alit¥n0ft%|gsg?é§1£’1a%?gn99ntn%d by terminal 200. Setting section 211 may
also divide a signal (SC-FDMA signal) in accordance with a c¢luster
pattern with a wider cluster size for a higher coding rate indicated in
the MCS set that is set in the signal transmitted by the terminal as with
allocation method 1.

15 {0115] Hereinafter, this will be described meore specifically. Here, as
shown in FI.G.];'S 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.

{01161 Scheduler 112 reduces the number of clusters (widens the

20  cluster 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

frequency resource information including the determined cluster pattern

2
U

(the number of clusters or cluster size) to terminal 200.

10117] When, for example, the coding rate is low, scheduler 112



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 15section 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 I1SI (allowable ISl), it is possible to reduce 20ISI with
the C-SC-FDiMA sigialsas withssettingtmethdtht- hyed20] FlrtHeritere By Sheredsiftf the number of

clusters of the C-SC-FDMA signal (narrowing the cluster siztg) Ior aJ[ wer, cg%ip%ir%e thatis, high
robustness atjiist1s) GROWHBRETST AHd B Seltorfnig eridr tafredting decoding with a low coding

rate as with seling meihiod 253 15-possible fo imprayedfieirquency diuersit effeni while
suppressing fhéhfluénce of al owable ISI. [0121] Thus, according to the present setting method, even
when the terpinakgivides thexErFDMAsignal bydhe hugiheradfesiustersi(théaiarmbacsf divisions)

that matches the coding rate, it is possible to improve user throufgg{)/lut for each tg{g}ir}%lewhile
maintaining thecéteier apprOViRESySBRFThASUEHRIEEy T-SCFEMVR By Thidteritg 4h°SC-FDMA

signal) no matter what the cading fate is,as Wi Selingemsthagy Lsi, JHRZFuy hetrwpres the present
setting methdt Beteniinss e sumber
with setting method 1-3 (FIG.11B).
[0118] Division section 212 of setting section 211 divides an
SC-FDMA signal (spectrum) 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
clugter 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.
{61191 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 IST (allowable I5I), it is possible to reduce
26 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 lower coding rate,
that is, high robustness against IS (allowable ISI) and by performing

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

2
wh

1-1, it is possible to improve the frequency diversity effect while
suppressing the influence of allowable ISI.

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



of clusters (size) according to the coding rate, and can thereby control ISI. Thus, when AMC control is
used as with setting method 1-1, the 10 base station determines the number of clusters (size)
according to the coding rate and controls 151, and can thereby estimate instantaneous ISI beforehand.
For this reason, the base station selects an accurate MCS set corresponding to instantaneous
receiving quality (e.g. instantaneous SINR) with the influence of instantaneous ISI taken into account,
and 15can 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 sectiQp, 2k 14naps:a &l urakitysaf-clostess smakinghyp e €-SCaBBIVES signsiiets fré§@ency resources
with a cluster spacing that matches a coding rate indicated in an MCS set that is,%(?t iQ the
C-SC-FDMAnsigrhal [01 28]Tihsae i) adleatding € the [Bfe &t Q&) nethdd, RREhY Section 211 maps

“the signal (SC-FDMA signal) to a plur discontinuous frequency resources inaccordanee with a cluster
pattern with &Hatéwértiu éP%bggi‘htg for gaﬁ%ﬁeef%é%?rllg rate indicated in %31 MCS set that is set in
the signal tra{pismli}gt&q}pynges%r{g}galtﬁm dspseheduler- 312 determiries actlustedpattern indicating a
narrower cluster spacing for a higher coding rate indicated in the MCS set that is set.in the signal

transmitted byteFmivial 20001 26Hereitafterh s il pddascrBiéd hdte SpékiftsliyHere, suppose

the number of clusters is 2 as with setting method 1-2.
method 1-1.

[0122] Fuarthermore, the present setting method determines the number
of clusters (size) according to the coding rate, and can thereby control
1S1. Thus, when AMC control is used as with setting method 1-1, the
10 base station determines the number of clusters {size)} according to the
coding rate and controls I8, and can thereby estimate instantaneous ISI
weforehand. For this reason, the base station selects an accurate MCS
set corresponding to instantaneous receiving quality (e.g. instantaneous
SINR) with the influence of instantaneous 1S1 taken into account, and
15 can thereby reduce the number of retransmissions caused by
transmission errors and further improve user throughput.
[0123] - <Setting method 1-6>
According to the present setting method, setting section 211
maps a plurality of clusters making up a C-SC-FDMA signal to
20  frequency resources with a cluster spacing that maiches 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
75 with a narrower cluster spacing for a higher coding rate indicated in an
MCS set that is set in the signal transmitted by the terminal., That is,

scheduler 112 determines a cluster patiern indicating a narrower cluster
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5 Furthermore, as with setting method 1-5 (FIG. 14), a case will be described as shown in FIG.15
where the coding rate (low, medium, high) is used. Furthermore, suppose the coding size and
modulation level are fixed here. [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] When,
for example, dhe. coding: ratgisiew  seheduler 112 tetedninesa cliStes patiern {elastemspacing) such
that the cluster spacing becomes wider as with setting method 1-4 (FIG.13A). On the other hand,
when the codingsiatezisthighpsichetblertanpidetetfiines 20a cluster pattern (cluster spacing) so that
the cluster spacing becomes narrower as itr’:}fset ing method 1-4 (IT% 119128]Djyision section
212 of setting®ection %ﬂe&f\ﬂ@&’tﬁggc\)—“ﬁ% K s‘%n&aﬁl se:)aecrtﬁ}air.ﬁ) f t%;)dgfI pglé% ity (%fl%%ﬁé,ters based on
spectrum division informatiqn  Fuuthermere s mapping sestion2%3 of setingsactian 211 maps the
plurality of clusters to discontinuous frequency resources based on a cluster spacing indicated in the
cluster pattenu Ehatris; mappingvsection 248 meps e ptdralily 6fldustérsi®sa prithiif of
discontinuous frequency resources in accordancgévith clustgr pattggg ith “?Orl]%g er cluster

spacing for aditfHaP ot YatdSetth the signal iaifsiltted By tive lferm;?fuia , o)t

Thus, the cluster

spacing of thﬁ'Cﬁi%FP¥ \ signal s 5Narowed fot @ higher sading satewthakis samaller robustness
against ISI (a (G bIe1§ , and it 1s thereby possible to reduce ISI with the C-SC-FDMA signal as with
setting methqdl:12. {0 %30} Fudhermore, by widening the spacing of clusters making up the
: . . g up
C-SC-FDMA signal for a lower coding rate, that is, greater ) ) .
[0126] Scheduler 112 narrows the Tluster 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
15  determined cluster pattern (cluster spacing) to terminal 200.
[0127}) When, for example, the coding rate is low, scheduler 112
determines 2 cluster pattern {cluster spacing) such that the cluster
spacing becomes wider as with setting method 1-4 (FIG.13A3. On
the other hand, when the coding rate is high, scheduler 112 determines
20 a cluster pattern {cluster spacing) so that the ciuster spacing becomes
narrower as with setting method 1-4 (FIG.13B).
[0128] Division section 212 of setting section 211 divides the
SC-FDMA signal (spectrum) into a plurality of clusters based on

. . . -
spectrum division information. Furthermore, mapping section 213 of

setting section 211 maps the plurality of clusters to discontinuous

[
(W4

frequency resources based on a cluster spacing indicated in the cluster

pattern. That is, mapping section 213 maps the plurality of clusters to

&5



10 robustness against ISI (allowable 151) 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 ISI. [0131] Thus, according to the present setting method, even
when the 15 terminal maps a plurality of clusters to frequency resources at a cluster spacing that
matches the coding rate, it is possible to improve User throughput for each terminal while maintaining
the effect of improving system throughput by C-SC-FDMA (by clustering an SC-FDMA signal) no
matter what the coding rate is as with setting method 1-2. 20 [0132] Furthermore, the present setting
method detejmings, & Glusted SRasing rncortinguenthe nodingerate nandoand ahereby dontrol NI. Thus,
as with setting method 1-2, when AMC control is used, the base station determjnes a cluster spacing
according to thestodira ieate, CohtEORASE A T iHefeBS @it iR Hah 86t 18 beforehand.
Thus, the base station selec}s an accyraéebM%ls set &q{lrgﬁsponding to instantaneous receiving quality
(e.g. instantagr‘?édﬂ]‘st?ffI\f”lrgrg?)awﬁ’"ﬁ‘TE‘I"?E1 fnfleuené’e of instantaneous 1SI taken into account, and can thereby
reduce the nymbeyr, of r%tﬁg@,sm}@iomg@&s%gmggnsmistsien enecs apdfurthegimprove user
throughput. [ 133]]Methods of setting a cluster arrangement 1-1 to 1-6 have been described so far.
'5[0134] Thus pacsovdingito thehpzésent ebibpdipient!the termmal GivideB e SC-EBNVI signal
(spectrum) into a plurality of clusters in accordance with a cluster pattern t S.the MOS set
(modulation FE¥el(EoaMEPI&teY o cBBFhd 'sive tﬁ% Gtk et

aem%tp%ot%sé plura?ity 0 uc(iusters to discontinuous
frequency resoursesyythis allows the fefminal;ito,sglanok0iarrangement of the plurality of clusters in

the frequency domain according to the difference in robustness against 151 (allowable 1ST) per
transmission rarametearufihusnaceording ol thepregentserbodinmént WHEH dR i SC-FDMA

signal into a plurality of clusters and mapping the pluraliéy fcluste;L% toi%igcoinstinug%gtt&equency
bands, that 18:ds, @vehWR&RLsHETISCOEDMALTHE pSSSHE td fifisrove trangmission characteristics

for'diffe{%nt t%rmln%seisn v;d/thi% gifg%rlerggﬁg%{gi%smpgmg@gg @ﬁqiﬁete@m.imrm&iﬁge'r throughput
while maintaining the effect 0 improving system throughput. [0135]in the present embodiment, base
station 100 Mpy:s@tA: 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 ISI.
{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 pessible to improve user
throughput for each terminal while maintaining the effect of improving
system throughput by C-SC-FDMA (by clustering an SC-FDMA signal)
no matter what the coding rate is as with setting methbd 1-2. | |
20 [0132] Furthermore, the present setting method determines a cluster
spacing according to the coding rate, and can thereby control ISI
Thus, as with setting method 1-2, when AMC control is used, the base
sfation determines a cluster spacing according to the coding rate,

controls 18I, and can thereby estimate instantaneous 1S1 beforehand.

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

I3
wn

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

influence of instantaneous 18] taken into account, and can thereby
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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-FDMA signal (a
plurality of clusters). Hereinafter, an example where base station 100 sets a threshold and determines
a cluster pattern will be described using FIG.16 to FIG. 19. In FIG. 16 to FIG. 19, B1 (i=0, I, ...) is a
bandwidth (cluster size) per cluster and shows, for example, a minimum bandwidth (minimum cluster
size) defined pés dearismissidre pafarmeter imEsfange SEpRhtal B ARESHIICAHT hARE the
relationship BriBi Furthermore, B', (i=0, iit Q shows a maximum cluster spacing defined per
transmissiorf BE2FRETBPTA Y rahe BEPRFARE by a threshold and holds the relationship [0136]For
example, baﬁgﬁi@éionﬁgggr@yosfeg@t{m shalg,indhe madidation level and.thereby tetermine a cluster
pattern. For example, 10 as shown in FIG.16A, base station 100 may set a threshold so as to separate
between a plgkalityfanedidation levels by a certain range of modulation level, compare modulation
level (A) set in each terminal with the threshold and determine the numberg}‘)?cll{s;e@ Q@- To be more
S

specific,in FIGIE6A, baSenstatiéry 00 HetdiHiss e RUhbEPS 18 Biisters X t6 be 4 when
modulation leyel ﬁ@% i@%@@%&égﬁe%@@gﬁm)nmq of clustersot o pa sk when modulation
0 16 QAM, '

level (A) is SIQSVI{ eterminés the number of clusters X to be 2 when modulation level (A) is
32QAM to 64, QAM anekdpterminesdhe pumber df clusterd XstohiseNwReremodolktier fdvel (A) is
128QAM to 256QAM. 20That is, in FIG.16A, a fixed number of clusters is determined for a certain
range of modutetioncledisle [0237] FuRpiRford 78280 lARM ﬁ%’@tﬁ’c}&irf’iht:ﬁléféﬁs, F&3¢ station 100

may also set & (hreshold per.madulation Jeveland set & YpRSLImiol i numberet histers X per
modulation 1€VEF EorExA p]ie,oas T
10 arrangement of the plurality of clusters in the frequency domain
according to the difference in robusiness against ISI (aliowable IS} per
transmission parameter. Thus, according to the present embodiment,
when dividing the SC-FDMA signal into a nlurality of clusters and

mapping the plurality of ciusters to discontinuous frequency bands, that

is. even when using C-SC-FDMA, it is possible to improve transmission
, :

oy
L

characteristics for different termimals in which different transmission
parameters are set and improve user throag.hput while maintaining the
effect of improving system throughput.
[61335] In the present embodiment, base station 100 may set a
70  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 threshoid, and can thereby
determine a cluster pattern. Furtbermore, each terminal can easily
perform division processing on an SC-FDMA signal (spectrum) and
25  mapping processing on a C-SC-FDMA signal (& plurality of clusters).
Hereinafter, an example where base station 100 sets a threshold and

determines a cluster pattern will be described using F1G.16 w0 F1G9.
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25 shown in method 1 in FIG.16B, base station 100 determines the number of clusters whose upper
limit is the number of clusters X=4 when modulation level (A) is BPSK and determines the number of
clusters 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 ISI greater than allowable 1ST per modulation 5 level from
occurring. Furthermore, as shown in method 2 in P10,1 GB, base station 100 may also set a lower
limit and upper limit to the number of clusters X per modulation level. For example, as shown in
method 2 intilG1 168 hase Kiatidn BO0i détetmines éheanbﬁibé‘?"ﬁfft@ldﬁ]élr%tﬁfitﬁi’ﬁ%@rgﬁﬁe of 2SXL:4

when modulation level (A) is BPSK 10and determines the number of clusters within.a,range of
1SX.c..2 whelaieturbnsRYBI(AY & 1%”'(5%@?.%h% aftows’ gé?ti%dgg%lt}#on Zlqﬂof each terminal to only

set the number of clusters X.corresponding to userthrguaghnut ghascertain vajueoe greater including a
maximum va iiesclfs1 ssﬁéé\f\;ndi%f?zlga.}g or FIG.3B. Furthermore, base station 100 Limits the range of the

number of clysters.X fer smadulation levet] arid cein thBreBy redudatHe ruriter Birédiing bits to

report the number of clusters X. [0138]Furthermore, as 'showg1 i% FI .13@(_:, g%%%%g%gg)&loo may set a
threshold solas to separate HetWes8HE BRI L6f nddGtafor _VER fof 20 every certain range of

modulation level and set cluster size (Y) for.eyery tange,af megulationlevelr Aeenrdingto method 1 in
FIG.16C, as%fﬁlﬁ%ﬁ{oﬁlfi}hdf—lf%.Sleé%?%gse s?tation 10(]) determines one cluster size Y whose lower

limit corresp%ngg;@ig minimum cluster size (Bo, B1, B3 shown in method 1 in FIG.16C) defined for
every range of 25 modulation level. As shown in method 1 in FIG.16C. r{gr Bﬁﬁg to QRSK which is a
range having Iiilimuirmotataribn IGVEF (ther i WHEY alffvasie! 11 EH5aximum), base station 100

may determine an arbitrary value for cluster.size Y. Furthermre aceordingrtor ragtheg 2, in FIG.16C
as with methB’cPQ%aﬁI‘él.Iléﬁ?%ﬁnﬁp%ﬁeerrﬁﬁﬁft %%%gﬁé%er limit of cluster size Y are set for every range

of modylation level, [Q13A1Ruthesmore« vWhek-base st@tion 400 caleuthtes lehdsterssize (¥) 5 using the
number of clusters (X), as shown in FIG.16D, base station 100 may set a threshold per gLnoduIation

level, set the sugrmber dfclustersaxe wer itoddl oA Ye/ePant kaléubdtd IGsEHSIZE™Y Hére, Xa (a=0, 1,

2, ..., ais a number assigned for every range af modulation l.s rate a Id) represents
the nun:ber o%&@%%éi%oé!’gtlfa’reh cgm%)/are oaula%oun tllevelle\@x) &RA A QM Hugshald) rep

with the threshold an.d determine the number of clusters (X). To be
more specific, in FiG.16A, base station 100 determines the number of
15 clusters X to be 4 when moduiation level (A} is BPSK to QPSK,
determines the number of clusters X to be 3 when modulation level (A)
is SPSK to 16 QAM, determines the number of clusiers X to be 2 when
modulation level {A) is 32QAM to 64 QAM and determines the number
of clusters X to be ! when modulation level (A)is 1280AM to 256QAM.
20 That is, in FIG.16A, 2 fixed number of clusters is determined for a
¢ertain range of modulation level.
r¢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 nﬁmber of clusters X per modulation level. For example, as
25 shown in method 1 in FIG.16B, base station 100 determines the number
of clusters whose upper limit is the number of clusters X=4 when

modulation level {A) is BPSK and determines the number of clusters
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10 every range (a) of modulation level. Furthermore, B represents a total bandwidth used for a
C-SC-FDIVIA signal (that is, the sum of respective cluster sizes). To be more specific, in FIG.16D,
-base station 100 uses the number of clusters Xa set per modulation level (a=0, 1, 2,...) to calculate
cluster size Y=B/Xa set in the modulation level. 15[0140] Furthermore, as shown in FIG.16E, base
station 100 may also set a threshold so as to separate between a plurality of modulation levels for
every certain range of modulation level and set cluster spacing (Z) for every range of modulation level.
In FIG.16E, base station 100 determines cluster spacing Z whose upper limjt is a 20maIximum cluster
spacing (WoyBde 132¢ Bl3msholwrin FIGYEEPfo BUdH) YahGe SRt 1BV RS Shown in

FIG.16E, for BPSK To QPSK which is a range having a minimu ulgfiopleyel,hase station 100
may set an &rbitréry MalG& - cluSkér §65ﬁn%pf.i [5f4gﬁF§3tJr$£m%})r§%aqé v%tth FIG.16A to FIG.1 6E. base

station 100 éqlmag et threshold for: gcoding.size, and geigrmine asetuster patterar Fdr example, as
shown in FIG. 17A, Ibase station“100 may set a threshold so as to separate between coding sizes for

every certainange0k60ging size;conparercotingsize {NY webis dShnerniva Wit the threshold

and determine the number of clusters (X). To be more ;%ecific, in Fl%é A, ba?ﬁé'g%%n 100

determirfes the pLkiBEr GFERSIOS X T0PE T TR colity Size 'R 18 its or less and determines the

number of clusters X to be 2.when coding size N is, 103 bits, or morewyd S00Mits or lelss. The same
applies to a g&ég v@héfg%ogPr\% rSIIl% N&IS 501 bits or more and 1000 bits or less and a case where

coding size N is;LQ91-bits) Qs erore. 31 4RbButthesmorecas showsinBite1 78, HaR¥%thtion 100 may
set 10 cluster size (Y) for every range of coding size. According to .methowl in uFf!ﬂ% 117I30,fas with
method 1 in FIGHEC, baise HHidH Bootdéterfiities bnt dudRFEBE Y whose éwer limit corresponds to

a minimum cluster size (Bo, 131, B2, B3 shown,in method 1 in P10, 1 7R) defined fapewery range of
coding size. AMSFdMg S thdd % P—E}flGT?L B?When codoing 15 size N is 1001 bits or more, base

station 190 may determing anawilanbyalue fonalustensize ¥ dFurthsrmdré asshowrtin method 2 in
F10.1713, base station 100 may set a lower limit and upper limit of cluster size Y f rl?lveéy range of
- coding size as witH anathod 2ein (A6 1166, 20§d443] Burthahinsie SaHEPoate 4iién 100 calculates

cluster size Q‘Qich terminal to only set the number of clusters X corresponding to

user throughput of a certain value or greater including a maximum
value as shown in FIG.3A or FIG.3B, Furthermore, hage 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.
101387 Furthermore, as shown in FIG.16C, base station 100 may set a
thresh‘(}}d so as to separate between a plurality of modulation levels for
20  every certain range of modulation level and set cluster size (Y) for
every range of modulation level. According to method 1 in FI1G.16C,
as with method 1 in FIG.16B, base station 100 determines one cluster
size ¥ whose lower limit corresponds to a minimurme cluster size (Ba. By,
B., B; shown in msthod 1 in F1G.16C) defined for every range of
75  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 zllowable ISI is maximum), base station 100 may determine an
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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 FTC-3.17C 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.161), using the number of clusters X" set for every range of coding size (n=0, 1, 2, ...), cluster
size Y=B/X" set for the coding size is calculated.As shown in FIG.17C, in a range in which coding size
N is 1001 bits or more, base station 100 may determine an arbitrary value for cluster size Y. [0144]
Furthermore, ;astshewnkil. 18D chasestationyl 00Fmet) 66 SRester SPELIRG (2) ®F7898ry range of
coding size. In FIGA7D, as with FIG.16E, base station 100 determines a cl r.spaging whose upper
limit correspbhd"s{@bléﬁ?la%ém&ﬁhcméféfj’ép%c}ﬁg?(@o} @% BF, &% %ﬂg\l/vnﬁ}ﬁ\%ﬁlgg ai?g?f%? every range of
coding size. As shown in 10F1G.17D, for nge.l ich-coding size Ny is=1801 bits or more, base
station 100 r}i)igif 1isgtel\zg\:nuasr eﬁr?ilr%/englﬁéefgf glﬂgsltegrgseggvc\éi%g%ez)g.?ﬁ45] Furthermore, as with F1G.16A to
FIG.16E, bagg;stafionzlaghmaycset attuashald fondoodifg rateairddetdnine &fuster pattern. For
example, as shown in FIG. 18k, base station 100 sets a threshold E%aitto sepa{r‘i%%e pgéween coding
se [

rates forsevenyicertdin rangecof coalngtfate! Lonfiiat8 VEBING Fa{tcéz Readh 'terminal with the

threshold and determine the number of clusters Jo be.more speciia. iy k184, kase station 100
determines tA& hfbar 8 %T&g%g:é’%téﬂﬁé{i %rhoeg;(?godiﬁg rate R is 1/3 or below and determines the

number of 2Q clustess % 0,k Swhencediagrate Riistgresites tian Bigand 1/2-0f bélodv. The same
will apply to a case where coding rate R is greater than 1/2 and 2/3 or below and a ase where coding
rate R is greater thans2/8. [0LaBjFurhererore, B sKOWHinTERS L8B! bRSS BIAHSH 100" Fay set

,Scluster size (Y) for every range of cading rate. According thoddn FiG.48B as with method 1 in
FICA 6C, bas8RtA#SA 160 det ﬁjfé’z‘%j;% Hostsr s?z&gwé%g%?lower limit corresponds to a minimum

cluster ,gjze (Ba, B}, B2, @%%‘Pﬂ(@&%l@ﬁmp%%mFI@dﬁﬁéx@h@imcﬁmevewﬁw@@@woding rate. In

FIG.18B, when coding rate R is 1/3 or below, base station 100 may set an arbitrary value for cluster

size Y. Furtheunare,daacosdingdto metidt PIMAG IEBB! 48hwithsmEBtRott 2:if FIESTBE. Bh upper limit
and a lower lig?xi:xts?e];rdgis?:te?sr).gze?g ggenﬁgggogpes{c?g r?ﬂg%f)(f}.cloé%ngre?stg'station 100 uses.
.the number of clusters X, set per moduiation ievel {a=0, 1, 2,...) io
calculate ciu.s&r size Y=B/¥X, set in the modulation level.

15  {0140] Furthermore, as shown in FIG.16E, base staiion 100 may also
set a threshold so as to separate between & 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

70  maximum cluster spacing (B, B3 B2, B’y shown in FIG.16E) for
every range of moduiation level. As shown in FIG.16E, for BPSK to
QPSK which is a range having a minimum modulation ‘level, base
station 10{ may set an arbitrary value for cluster spacing Z.

[6141] 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 gsizes for every certain range of coding
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10147]When base station 100 calculates cluster size (Y) using the number of clusters (X), as shown in
FIG.18C, as with FIG.16D, base station 100 may set the number of clusters X, for every range of
coding 10 rate and calculate cluster size (Y). Here, X, (r=0, 1, 2, .... r is a number assigned to each
range of coding rate separated by a threshold) represents the number of clusters set for every range
(r) of coding rate. To be more specific, in FIG.18C as with FIG.160, 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 F1G.18C, for a range where coding rate R is 100 bits or less base station 100 may
set an arbitrgry.valueforrelusiersizeiYe [048]Fuitharasdrd cas BRgwWH i FIG. 4865544 station 100
may also  set cluster spacing (Z) for ever ran\%e of c% ing thebin F(l}%lSDE,C%QO\{\ch FIG.16E,
base stationahGo detemiipest BRISIETRCIAG ) Whbsd Spp s °makimum clister spacing (B' o, 13"1,
B',3 shown in FIG,18D) for every ra Q ' t meRal S8 ginaramgeiwhere coding
rate (R) is 1/%18? b%%v\%aggssé”%{g?%r? %%Oéfﬁg&&gg}%n%?b%g}%glgg for cluster spacing (Z).
25[0149]Furthgpmargaa sase has heerndesorbed e thenpresant sribedilentwhidres e station 100
determines a cluster pattern (the number of clusters, cluster size or cluster SP(?(%IBQ) i%gcording to the
modulation levetseodigadte 6r sddine wsi7e2 HiRFeVer if e FesdnPIRlErAtth Base Station 100 may

also determine a cluster pattern by combining a plurglity. of transmigsionparametgrss(aodulation level,
coding rate afﬁdl‘é%ingf&%es)f“ﬁgr%?éﬁﬁﬁlg? bagagg%tation 10% mlag’] also 5 determine a cluster pattern by

combining the modulatiamlevel and cedingate cthat ishaeeorditig gosare NICS $ét0 Wheh, for example,
AMC control Is used whereby the modulation level and coding rate are simultaneously controlled, base

station 100 cansigaeltaneously control robustness against ISI caused by both the modulation level and

coding 10 rate. For example, as shown in FIG.19A base stati ol , degermine the number of
Clustors () 01 Gt MR SE B3 T ctod by The TrddeiaCo vl an Easing te.

R . .
ation level and coding rate, determine cluster

size (Y) for each MC§ set-es showi in Fiz d9B 0k slatesmine cluster spreingd(2) foh each
in FIG.17B, as with method 1 in FIG 16C, base station 100 determines
one cluster size Y whose lower limit corresponds to a minimum cluster
size (By, By, Bz, B; shown in method 1 in FIG.17B) defined for every

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

H
¥

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

arbitrary value for clus‘t.e.r.size Y. Furthermore, as shown in method 1

in FIG.178, b_aée station 100 may set a lower limit and upper limit of

cluster size Y for every range of coding size as with method 2 in

FIG.1i6C.

20 [0143] Furthermore, when hase station 100 calculates cluster size {Y)
using the number of clusters (X), as with FiG.16D, base station 160
may set the number of clusters X, for every range of coding size.as
shown in F1G.17C and calculate cluster size Y. Here, X, (n=0, 1,2, ...,
0 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 FIG.16D, using

the number of clusters X, set for every range of ceding size (n=0, 1, 2,



MCS set as shown in FIG 19C. 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, codeword: CW) in the frequency domain
as shown in FIG.20 and transmits the codevvords to base station 100, base station 100 may
determine a cluster pattern for each CW transmitted from terminal 200. Here, when CW 41 to CW 75
#(M-1) are multiplexeddn #iedrequaniy, domaiaranttrandimittedias showsidnlkI&i20, texminal 200
divides the CW into a plurality of clusters through the division section_provided for each CW and

frequency-metiplexés S perCVaRaEgH th HBppity &ctish. 10182] FUhhébie, when

different transmission rates are among.a plurality of %W%, egm’ al )%Q,O may degrease the
. T <1 : . :
number of cltistéFs ﬁf&eﬁ%@3Iuster%f2’e?%%%%?r%3v t edE Jslfef&spac?ng for g CV\/S having a 5 higher

transmissionvate and thereby set an arrangement of a plurality of clusters making up the CVv- in the
frequency domain. For a higher transmission rate, robustness against ISI needs to be increased. Thus,
it is possible 6 rééliceF 18t bysiicreasing the mumber(bf diistérss pnidenfy the cléy si#é) for CWs with

high transmission rates or 10 ngrrowing the cluster spacing,.and increase rehus s against 131 in
T mARALIEpUEAIIE & kel RS 130 LRSEn chitat STt o

consequencé. rove transniission characteristics’for each CW

according to {he;fransmiggionyate ansk furthenimpeaventsarsmissionfates af all C\Ws that is,
throughput per terminal (user throughput). 15[01 5 3]Furthermore, a case has been described in the
present upper limit corresponds to a maximum cluster spacing (B’q, B71, B'a,

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 (£).
[0145] TFurthermore, as with FIG.i6A to FIG.16E, base station 100
may set a threshold for a coding rate and determine a cluster pattern.

For example, as shown in FIG.18A, base station 100 sets a thresholid 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
FI1G.18A, base station 100 deiermines the number of clusters X to be 4
when coding rate R is 1/3 or below and determines the number of
70 clusters X to be 3 when coding rate R is greater than 1/3 and 1/2 or
below. The same will apply to a case where coding rate R is greater
than 1/2 and 2/3 or below and a case where coding rate R is greater
than 2/3.

[0146] Furthermeore, as shown in FIG.18B. base station 100 m.ay set

(e
ih

cluster size (Y) for every range of coding rate. According to method 1
in F1G.18B as with method 1 in FIG.16C. base station 100 determines

one ciuster size Y whose lower limit corresponds to a minimum cluster



embodiment where base station 100 determines a cluster pattern (the number of clusters, cluster size
or cluster spacing) and reports the cluster pattern to terminal 200. However, in the present invention,
base station 100 may report only frequency resource information to 20 terminal 200 every time base
station 100 communicates with terminal 200 and terminal 200 may determine a cluster pattern (the
number of clusters, cluster size or cluster spacing) according to transmission parameters of a signal
transmitted by the terminal. [0154]Furthermore, for example, base station 100 may report 75 frequency
resource information indicating a frequency band allocated with the numper of clusters, cluster size
and cluster spaeing daken Mio Sccournvto termir&icr00. Fo i 8 )spatife Shi¥e €¥4fidn 100

(scheduler 112 of base station 100) ma rform scheduling and the f logation
processing dPaRScafirg %“ﬁ%dﬁ&ency -‘d’aﬁﬂ?o%’%ﬁ%afﬁﬁd’ %%%%vfnagga%gi?n%n%%?ﬁk in a certain

frequency band (sybcarrier). O%asi%%atiggq 100 repeatedly perfesmsdhe dbover alivgatioh processing in
different frequency bands and thereby performs frequency resource allocation of a C-SC-FDMA signal
made up of & pharality of-clustersd Basecstationot0q ther FEpbRE fregueiidy Feedtitednrmation

indicating the frequency resource allocation result of the C- CEES[%MA“sgn?I 31; ler inal 200 to terminal
200. Base stafi6r £60 10 ARBHHBinS HetaboUs deRibad fréguenc

requency resource allocation processing
on terminals Q&hl‘?r trrgl%n éegwicrg)%égq,a@_is allows base station 100 to schedule allocation of frequency
resources fof afl tefiials locatedin the cell of base station 100. Furthermore, terminal 200 may map

an SC-FDMA sigral agepedingato thestiequarity dshanatindicated in the fregueicp gedbfurce
information reported from base station 100. Thus, terminal 200 divide.st th%%C}-gBMQa%jignal into a
plurality of clustefsin atcorsaside With @%Iﬁ&é‘?’ba’t’i’eﬂ@oﬁ%@p&%ﬂb o transmission parameters of a

resources SaGaA Tty Botcis HELEE Sealer 3 ey ot e prosens empodiment.
[0155](1?6“00%%9%%) calculate cluster size (V). 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 fnoré_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, sel
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 iess, base station 100
may set an arbitrary value for cluster size Y.
[0148] Furthermore, as shown in FIG.18D, base station 100 may also
set cluster spacing (Z) for every range of coding rate. In FIG.18D, as
20 with FIG.16E, base station 100 determines cluster spacing (Z) whose
apper limit is a maximum cluster spacing (B, B7y, B’2, B'; shown in
F1G.18D) for every range of coding rate. As shown in FIG.18D, in &
range where coding rate (R) 1s 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

i
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The present embodiment will describe a case where MIMO (Multi-Input Multi-Output) transmission
which is one of transmission 25 techniques for realizing high-speed, large-volume data transmission is
used. The MIMO transmission technique can increase throughput by providing a plurality of antennas
for both a base station and a terminal, providing a plurality of propagation paths (streams) in a space
between radio transmission and reception on the same time and the same frequency resources and
spatially multiplexing the respective streams (a plurality of different data signal sequences are

transmitted using a Splurality of streams). [0156] When a rank index indicating. :}Qggﬁg multiplexing
number (or theduimthen o signalsdsagarate st e 18 ctiking é’igoexyffﬁceryéaigeg %}aR/IIMO transmission,

the number of signal sequences (layers) that fe multinlexed (pasaligldrapstaissaiony in the space
domain incré%%’”e%‘?‘f@’ﬁ?iﬁss,tvavég%{ tri%e?(iahmka‘?r%%ex increases, the number of layers in the space
domain that needs tq Qeaswgggtﬁqf ingreases at (b base stationrwhickriguaéiescivifg side, and
therefore 1SI from a certain layer to a different layer, that is, 151 between I]aiir%gnprﬁgges.
[0157]Furtheypicre, véhernadchadive thirowigh WK 38R 1oy &R 8 propHbhtes his frequency
selectivity,for each layer is also generated in C-SC-FDM agdesgrbgdindmhadimentil. [0158]
Therefofe, whEStReYank iNHEXIhcPEALEE ir d c%%rﬁlﬁé?lh%/ing frequency selectivity, this causes 151
between layersthat may affect signal separation in the/space-domaih ta infreasesTepteduce ISI
20between layers, the terminal preferably reduces 1ST per Iai/er as the rank mdﬁt_ext Increases during
MIMO transmjgston astwithi Emadinient by THysrthe wkitmial 2tebidilg e fraseht embodiment

divides a CW (codeword) which is an SC-FDMA signal into a plurali clustgrs in gegerdance with a
cluster patteMm@r}ﬁ@%@f:}amgc%mfﬁ@i}gﬂk Rag& station 1Rl a8 4'9&{%9;1 .

robustness against 1SI caused by both the modulation level and coding

10 rate. For example, as shown in FIG.19A, base station 100 may
defermine the number of clusters (X) for gach MCS set expressed by the
modulation level and coding rate, determine ciuster 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 FIG.16 Lo
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 SNRJ.

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 FIG.20 and transmits the codewords
o base station 100, base station 100 may determine a cluster pattern for
each CW transmitted from terminal 200. Here, when CW #1 to CW

25 #(M-1) are multiplexed in the frequency domain and transmitted as
shown in FI1G.20. terminal 200 divides the CW inte a plurality of

clusters through the division section provided for each CW and



25during MIMO transmission and maps the plurality of clusters to discontinu [
[0159]Here!nafter, this will be described more spec)i/fically.Fle.Zl shows a c%ﬁi{:]rjrqal:i?)?lcgfcig?r]na}lr?;
300 according to the present embodiment. Terminal 300 is provided with M antennas (antennas 201-1
to 2Q1—M) t_hat transmit CWs (a plurality .of clusters) using M streams. 5[0160]Furthermore terminal
_300 is provided with C-SC-FDMA processing sections 301-1 to 301-N corresponding in nu’mber to rank
mde_x N, made up of coding section 207, modulation section 208, multiplexing section 209, DFT
section _210 and diyision sec_tion 217. Furthermore, terminal 300 is provided with transmiséion
processing TPesertions 803D lox363-MséorreBpbAdING THSRLEE 15 ARRRRES SB2™ to 201-M, made

up of mapping section 213, IFFT sectjon 214, CP inserti ¢l ' itti [

X 13, ] ; clion. ‘ mitting sect
226, The, Wil 300 1T608 URTPSEIhG Sheyon ST e o of N chasion soatons 212 and M
mapping se%ﬂgﬁ%;%%ﬁgFwtﬁ%mpagfmiaaﬂ M & 5eatistyea relatonshipuof {01 64]G-SEHFIDMA
processing se Flons 3_ 1-1 to 301-N apply processing similar to that of coding section 207 to division
section 212 piEsehodimentsictostreir respeutive hputied raistissbhBitstdlieicad $éw) and

thereby generate C-SC-FDMA signal [ j i
301-1 toSgolhﬁ\gbgfpmansmissiengrats g,qng ll%L%'!'té/b%Q (s:)zf:t(:lggt%rrsr)in%é%l%‘ﬁ[)%pﬁ RpPeEasiiY sections

of clusters making up the CW in the frequency domain. For 2 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 of

10 narrowing the cluster spacing. and increase robustness against IST in
conseguence. This makes it possibie to further improve transmission
characteristics for each CW accerding to the transmission rate and
further improve transmission rates of all CWs that is, throughput per
terminal (user throughput).

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

70 terminal 200 every time base station 100 communicates with terminal
500 and terminal 200 may determine a cluster patiern (the number of
clusters, cluster size or cluster spacing) according 1o transmission
parameters of a signal transmitted by the terminal.
f0154] Furthermore, for example, bhase 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 termimnal 200, Toe be more specific, base station 100



the C-SC-FDMA signals generated to precoding section 302. [0162]Precodin i i
_pre.codllng matrix (or pre-coding weight) from control section 2[06.H(-:!re, precogirsls(?::?onrrﬁgﬁorﬁcewes i
indicating the precoo[mg_matrix is reported from a base 25 station (not shown) to terminal 300. For
exar_nple, the precoding information may show a number indicating each precod ng matrix and control
section 206 may calculate each precoding matrix based on the number indicated in the precodin
information. [0163]Pr¢_acoding section 302 multiplies the C-SC-FDMA signals inputted from °
?C’:C-SCHFDMA processing sections 301-1 to 301-N by respective precoding matrixes. Preceding section
then outpyts the gracadet! G SGEDMAISIGhars: o rEEASHIISEISN Brbides &ty SciidNs 303-1 to

303-M stream by stream. [0164]Transmission prqcessing section
03 “ _ _ s 303-1.10,303- '
similar to thatesf sapphigesativh 286548/ t ns?ﬁ?t?i(f%tisn&ti%n fgg?%cﬁfbg)d%gn{%%?% t%rct)ﬁgssmg

res i i ; ;
ranemissio ECEESIAG o 110 Hale Sdhom s anommms J0n g e isaignals affer e
(subcarrier). Base station 100 repeatediy performs the above
5 aliocation processing in different frequency bands and thereby performs
frequency resource allocation of a C-SC-FDMA signal made up of a
plurality of clusters. Base station 100 then reports frequency resource
information indicating the frequency resource allocation result of the
C-SC-FDMA signal of terminal 200 to terminal 200. Base station 100
10 also performs the above described freguency resource allocation
processing on terminals other than terminal 200. This allows base
station 100 to schedule allocation of frequency resources for all
terminals located in the cell of base station 100.  Furthermore,
terminal 200 may map an SC-FDMA signal according to the frequency
15  band indicated in the frequency resource information reported from
base station 100. Thus, terminal 200 divides the SC-FDMA signal into
a plurality of cluasters 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
70 rescurces, and can thereby obtain effects similar to those of the present
embodiment,
F01557 (Embodiment 2}
The present embodiment will describe a case where MIMO
(Multi-Input Multi-Output) transmission which is one of transmission
25  techniques for realizing hig’n-speéd, large-volume data trapsmission 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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201-M. [01_65] Here, setting section 211 divides an SC-FDMA signal of each layer (here, layer 41 to
layer #N) .In'[O a plurality of clusters in 15 accordance with a duster pattern inputted frorr’1 control section
206,'that is, & cluster pattern corresponding to an MCS set that is set in a signal transmitted by the
te_rmlna_l, coding size or the rank index during MIMO transmission and maps the plurality of clusteré to
dlsc_ontlnuous _frequency resources. 70[0166] On the other hand, a scheduler (not shown) of the base
station acc_:ordlng to the present embodiment determines a cluster pattern of a C-SC-FDMA signal from
e_ach terminal according to an MCS set (modulation level and coding rate) set in the C-SC-FDIVIA
felggrr:ﬂl] ;rlo_lr_rr}] q:’rtl)@vIet:m;[fmlpmdiﬁgfshtzﬁamﬂmﬂam@inﬁdéksd(ﬁiﬁ@&mm@tﬁaﬁgﬁ%sﬁ}?ﬁ@% each
.The base station reports the determined cluster pattern to_each ferminal.

methods of §é{@iﬁg éréﬁﬁféﬁgﬁén&%eﬁ%cfﬁ%r?-é %yt%%ttlsnagmgectﬁ(r)nnaZﬁ%i?/%o[gi%%c]tigr??élz and
tmhapplngbsectt%%%s%ezf;cs ?,% enminal 309 will e desgrined indetait0168Hvdhe follawingsdescriptions,

e number of antennas the  number of streams) is assumed to be 4 and terminal 300 is provided
Swith antenngs 204 e 204 & fFittheriores supposesthennambet of WS ISiATLIEHBB LAY transmitted

by terminal 300 is 2. For simplicit
5 plurality of streams).

[6156] When a rank index indicating a spatial multiplexing number

(or the number of signals separated on the receiving side) increases in

MIMG transmission, the number of signal sequences (layers) that can

be multiplexed (parallel transmission) in the space domain increases.

10 That is, when the rank index increases, the number of layers in the

space domain that needs to be separated increases at the base station

which is the receiving side, and therefore ISI from a certain layer to a

different layer, that is, ISI between layers increases.

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

b
L

propagates has frequency selectivity, I8I for each layer Is also
geperated in C-SC-FDMA as described in Embodiment 1.
[0158] Therefore, when the rank index increases in a channel having
frequency selectivity, this causes ISl between layers that may affect
.signal separation in the space domain to increase. To reduce ISI
20 between lavers, the terminal preferably reduces IST per layer as the
rank index increases during MIMO fransmission as with Embodiment 1.
Thus, the terminal according to the present embodiment divides a CW
(codeword) which is an SC-FDMA signal into a plurality of clusters in
accordance with a cluster pattern 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.2ZI
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of e>_<p|anation, of the components of terminal 300 shown in FIG.21, only DFT section 210, setting
section 211 (division section 212 and  mapping section 213), precoding section 302, IFFT section
214 and 10antenna 201 are illustrated as shown in 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 15corresponding in number to the rank index (e.g. the rank
index: 2 in FIG.23A, the rank index: 4 in F1G.23B). Here, when the number of CWs simultaneously
transmitted by, terinal 30Rrigsraalter than thexrank intlek andctvel umbBer shEWs ¢ &haller than the
number of streams as shown in FIG.23B, terminal 300 is provided with (the rank 20index/the

number of CWi) 8fPr(eetial 6&@%&%%5@@%8%?% Bativeet &GS SOCfiER Y08 and
multiplexing ﬁ%ggﬁ %(Slg %okfl_l?r;n{ al ?’t%?n%kr]{%\g%'ﬁfs":l aZI};-uEQﬁé/Po?eaté&@e?Q?%?ﬁﬁﬁﬁh serially

inputted CW r e conver Ws into a plurality of  layers ((the rank index/the
number of CWs)dayers), whereby a plurality 150f CWs are mapped to as many layers as ranks. When

the number of
§ [0160] Furthermore. terminal 300 is provided with C-SC-FDMA
processing sections 301-1 to 301-N corresponding in number to rank
index N, made up of coding section 207, modulation section 208,
multiplexing section 209, DFT section 210 and division seection 212.
Furthermore, terminal 300 is provided with transmission processing
10  sections 303-1 to 303-M corresponding in number to antennas 261-1 to
201-M, made up of mapping sectien 213, IFFT scction 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.
[0i61] C-SC-FDMA processing sections 301-1 to 301-N apply
orocessing similar to that of coding section 207 to division section
212 of Embodiment 1 to their respective inputted transmission bit
sequences (CW) and thereby generate C-SC-FDMA signals (a plurality
20  of clusters). C-SC-FDMA processing sections 301-1 te 301-N output
the C-SC-FDMA signals generated to precoding section 302.
10162] Precoding section 302 receives a precoding matrix (ot
precoding weight) from control section 206. Here, precoding
information indicating the precoding matrix is reported from a base
25  station (not shown) to terminal 300. For example, the precoding
information may show a number indicating each precoding matrix and

control section 206 may calculate each precoding matrix based on the



CWs, th_e rank inqlex and the number of streams are the same, terminal 300 may apply DFT
processing and division processing to each CW and then map each CW to each layer. [0169] <Settin
method 2-1> Ip the present setting method, setting section 211 divides the SC-FDMA éignal in )
a_ccordance _Wlth a cluster pattern with a smaller number of clusters (or a wider cluster size) for a
hlghgr_ rank index during MIMO transmission. [0170] Hereinafter, this will be described more
speuflpally. Here, a case will he described as shown in FIG.22 where the rank index (low, medium
high)) |s_useq. Furthgrmore suppose the MCS set (coding 10rate and modulation level) sét ina CW
and coding sizenaee fixert Q17 i Rae aphiglhdi rank flndesé ke scheduler of the base station reduces the

number of clusters (widens the duster size). To be more.specific r i
. ~ | . : A : ’ 1 tat
determines d €lster pREtsindHE niafdhes tﬁg%u%é%i‘pgf%fus}ié?s g%??ne |§m?"§ogv%§a§§rs,eci§t§n

inputted from C-SC-FDMA processing sections 301-1 to 301-N by

respective precoding matrixes. Precoding section 302 then outputs the

h

precoded C-SC-FDMA signals to transmission processing sections
303-1 to 303-M stream by stream.
[0164]  Transmission processing sections 303-1 to 303-M apply
processing similar to that of mapping section 213 to radio transmitfing
section 216 of Embodiment 1 to the respectively inputted precoded
10 C-SC-FDMA signals and transmit the C-SC-FDMA signals after the
transmission processing to the base station via antennas 200-1 to
201-M.
{01651 'Heret setting section 211 divides an SC-FDMA signal of each
jayer (here, layer #] to layer #N) into a plurality of clusters in
15 accordance with a cluster patters 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 MIMOQO transmission

of each terminal. The base station reporis the determined cluster

-]
Lh

pattern to each terminal.

[0167] Next, methods of setting a cluster arrangement 2-1 t0 2-6 by

h
e



15size (narrow, medium, wide)) according to the rank index (low, medium, hi i
[0.172]D|V|5|on section 212 of setting section 211 divides the(CW’in accord;r:?:g)vafhsgcé\ll\tljgtlgrFlaclattérzr;
with a smaller number of clusters (or a wider cluster size) for a higher rank index. To be morers) ecific
20 when the rank index is small (the rank index: 2 in FIG.23A), division section 212 divides the E):W of’
each layer (the nl_meer of layers: 2 in F1G.23A) such that the number of clusters increases (four
clusters 40 to 43 in F!G.23A), that is, the cluster size per cluster becomes narrower. On the other
hand, when the rank index is large (the rank index: 4 in 25FIG.23B), division sectio. 212 divides the
CW of each faygn fthe nimbei biliiyerssd ireFIGRBA) SEAH RARRERUTABEL B ctisters decreases

(two clusters 40 and 41 in F1G.23B), that is, the, cluster size b '
40 € 1G.23B), U , | ecomes wider. [0173]As described
above, the Higei1ae ARG Hat5s h ﬁlredéittearl{he interference between layers, the lower is the

number of discontinuous points, in A R i s e r is th
. Us points, in A fluctuation of theequalizediebannel gaineinna coftisined signal
each layer a@fngt%lg case of setting method 1-1 of Embodiment 1. That is since 1S1 dccurring gt =

combining peigisuelissontinems points)sofotdstersbcan e fedecadiad HOrankaRR ficreases in

each layer, 1ST per layer can be reduced. That is, since ISI per layer i i
_ ed. S, Si er.is redu hedank ind
increases, it sl possiia g1 Gredutet fsiFéduded 63}‘51%% in %ysélﬁ Wi S%ﬁ%t gﬁ%&%l %gtweelz IZ;/(ers).

CWs simultaneously transmitied by terminal 300 is 2. For simplicity
of explanation. of the components of terminal 300 shown in FIG.21,
only DFT section 210, sefting section 211 (division section 212 and
mapping section 213), precoding scction 3Q2, IFFT section 214 and
10  antenna 201 are illustrated as shown.in FI1G.23A and FIG.23B, for
example. For example, in FIG23A and FIG.23B, terminal 300 is
provided with four mapping sections 213 and IFFT sections 214
corresponding in number to the aumber of antennas of 4 and is aiso
provided with DFT sections 210 and division sections 212
15 corresponding in number to the rank index (e.g. the rank index: 2 in
F1G.23A, the rank index: 4 in FIG.23B). Here, when the number of
CWs simnltaneously transmitted by terminal 300 is smaller than the
rank index and the number of CWs is smaller than the number of
streams as shown in FIG.23B, terminal 300 is provided with (the rank
20  index/the number of CWs) 8/P {serial parallel conversion) sections
between modulation section 208 and multiplexing section 209 of
terminal 300 shown in F1G.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 aumber of CWsg) layers), whereby 2 plurality
75  of CWs are mapped to as many layers as ranks. When the number of
CWs, the rank index and the aumber of streams are the same, terminal

300 may apply DFT processing and division processing to each CW and
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Ej(i)flf;:gn'lt'rl];;értgeaprg?ﬁnt Sfettin% mbethod reduces ISI per layer, and can thereby reduce 151 between
, and therefore the base station which is the receiving side can impro ISSi
ay : . nwh ve transmis
(éharactenstlcs of ea_ch ter.mllnal without deteriorating signal separation capacity irﬁ) the space dorilgirrll -
d_vgr) when the termln_al divides the S_C-FDMA signal by the number of clusters (the number of .
ir:}v;govr;stggrrr;sr,gonglngt :co the rﬁnk index during MIMO transmission, the present setting method can
ughput for each terminal while 20 maintaining the effect of improvin
system

'I[Ehrrr?tl:cg);(?put by C-SC-FDMA no matter what the rank index is, as with setting meF;hod 19-1)(/)f
section@ff%ﬂﬁgﬁﬁﬁ g}teﬂmﬁhl t Zath:srf. According to the present setting method, setting

: ! : clusters to frequency resources in accordance with a cluster patte

. . - r

with a narroWeriuister SpEEagTOIe RighkT rank index during MIMO transmission. [0176]Herelionafte:1

this will be descri ifi ' [
ihis will be (|owcnrgglcdﬂ l?rggi f%%%lglgagggﬁgen@e%@, willbe: gleseribied asi shawida 1G24 where the
, , high)) 1s used.Furthermore, as shown in FIG.25A and FIG.25B, suppose the

“muofggle;tigfnﬁ%%%@ #f 2 GrSG1FRMA signahis2wSurthernore, BEBIE3eEMCSS¥t {Eoding rate and
5 pumber of clusters {or a wider cluster size) for a higher rank index
during MIMO transmission.
[0170] Hereinafter, this will be described more specifically. Here, a
case will be described as shown in FI1G.22 where ithe rank index (low,
mediom, high)) is used. Furthermore, suppose the MCS set (coding
10 rate and modulation level) sé.t inaCW a;id 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
shat 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 chusters (ot
a wider cluster size) for a higher ssnk index. To be more specific,
70  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 #{ 10
#3 in FIG.23A), that is, the cluster size per cluster becomes narrower.
On the other hand, when th.e rank index is large (the rank index: 4 in
25  FIG.23R), division section 212 divides the CW of each layer {the
aumber of layers: 4 in FIG.23A) such that the number of clusters

decreases (two clusters #0 and #1 in FI1G.23B), that is, the cluster size
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setin a CW and coding size are fixed. [0177] The scheduler of the base station narrows the cluster
spacing for a higher rank index. To be more specific, as shown in FIG.24, the base station determines
a cluster pattern with a cluster spacing (wide, 10medium, narrow) according to the rank index (low,
medium, high). [01781 Mapping section 213 of setting section 211 maps a plurality of clusters making
up a CW mapped to each layer to a plurality of discontinuous frequency resources in accordance with
a cluster pattern with a narrower cluster spacing for a higher rank index. To be more 15 specific, when
the rank index is small (the rank index: 2 in F1G.25A), mapping section 213 maps a plurality of
clusters mapped ie-eashilayer (the number of layers: 2 in F1G.25A) to frequency resources so that the

cluster spacing becomes wider. On the other hand, when the rank ind%é( is Iggﬁe gthei ank index: 4 in
. FIG.25B), mépbiig setioAeai el masy & pitifallyereeiiderd thspps Iasy’erﬁlﬁwe number of

layers: 4 in FIG.25A) to frequency resources so that the clystef spacing becomesiyarreaver.
[0179]Thus, %S%fﬁhétﬁ?hélgrtgﬁ ef?lé&égf t%ae%fg?the gr’ez;te’r the in't%rference between layers, the higher is

the frequency;cerelation’5 hatyaan.apherality of cistessemaking: up: CWsdtagrsmitted in each layer
as with setting method 1-2 of Embodiment 1. It is possible to make a fluctuation of the(%e{]qualized
channel Haincatcombinisigpdinits (eécontinucys Bofts)dra Pl b RS moteShoderate for a

higher rank index in.each layer (that is, difference.in.equalized channel gain can be reduced), and
thereby redu@@f@%‘ﬁ%by@r. Tiﬂltaits a5 W?tﬁ'g%ttlin% n?’é:t%%r 121]4%, 151 Ser Ig;/er@ls 1?educed for a higher

rank Sindex aneLit is thereby pessikle 49 redugeS).ekS b batumen ayarsjieaused by decertain layer
with different layers.

increases in each layer, ISI per layer can be reduced. That is, since
ISI per laver is reduced as the rank index increases, it is possible to
10 reduce ISI caused by a certain layer with another layer (I1ST between
layers).
[01741 Thus, the present setting method reduces ISI per layer, and can
thereby reduce 18I between different layers, and therefore the base
station which is the receiving side can improve transmission
15 characteristics of each terminal without deteriorating signal separation
capacity in the space domain. Even when the terminal divides the
SC-FDMA signal by the number of clusters (the number of divisions)
corresponding to the rank index during MIMO transmission, the present
setting method can improve user throughput for each terminal while
20  maintaining the effect of improving system throughput by C-SC-FDMA
no matter what the rank index is, as with setting method 1-1 of
Embodiment 1.
[06175] <Setting method 2-2>
According to the present setting method, setting section 21il
25 maps a plurality of clusters to frequency resources in accordance with a
cluster pattern with a narrower cluster spacing for & higher rank index

during MIMO transmission.
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[0180] According to the present setting method as withsetting method 2-1, the base station which is
the receiving side can improve transmission characteristics of each terminal without deteriorating 10
signal separation capacity in the space domain. Thus, according to the present setting method, even
when the terminal maps a plurality of clusters to frequency resources at a cluster spacing in
accordance with the rank index during MIMO transmission, it is possible, as with setting method 2-1, to
improve user throughput in each terminal while maintaining the effect of improving system throughput
by C-SC-FD1v1A no matter what the rank index is. [0181]<Setting method 2-3> According to the

present setting maethads seitiniyesection 2111 bsede s citiedame elasrsy pagbm (thd%iGmber of clusters,

cluster size or cluster 20spacing) for CWs (SC-FDMA signal) mapped to different layers during MIMO
transmissiomamgz}mér@iﬁaﬁ@r&ztﬁﬁﬂs ilsBE YR sttide ré%ré"?é‘ i Rs

GEtificaI Fere’ suppose the rank index

is 2. As shown in F1G.26A, of two CVys (OMY, A1 Aqd CWV #42), QWL is menped o layer #0 and OW
#2 IS mapperg?gnﬂgfayer %fli [OiSSTT%e scheduler of the base station determines the same cluster
pattern for GWg (@W # apekOW &2 shown if RIG26A) afappedto-FDMA signal is 2.
5  Furthermore, suppose the MCS set (coding rate and modulation level)
set in a CW and coding size are fixed.
[0177] The scheduler of the base station narrows the cluster spacing
for a higher rank index. To be more specific, as shown in Fi1G.24, the
base station determines a cluster pattern with a cluster spacing {wide,
10 medium, narrow) according to the rank index (low, medium, high).
[0178] Mapping section 213 of setting section 211 maps a plurality of
clusters making up & CW mapped to each layer to a plurality of
discontinuous frequency resources in accordance with & cluster pattern
with a narrower cluster spacing for a higher rank index. To be more
13 specific, when the rank index is 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
becomies narrower.
[0179] - Thus, the higher the rtank index, that is, the greater the
interference between layers, the higher is the frequency correlation
25  between a plurality of clusters making up CWs transmitted in each
layer as with setting method 1-2 of Embodiment 1. It is possible to

make a fluctuation of the equalized channel gain at combining points



different layers (layer 40 and layer 41 shown in FIG.26A) in terminal 300. [0184]Division section 212 of
setting section 211 divides CWs mapped to different layers by the same number of clusters (or the
same 3 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 both
CW #1 mapped to layer 40 and CW g2 mapped to layer 41 into four clusters 40 to #3 as shown in
FIG.26B. 10[0185]Furthermore, mapping section 213 of setting section 211 maps CWs (a plurality of
clusters divided by division section 212) mapped to the different layers to frequency resources with the
same clustef@pasingrisaccardance with pthsiehpaterhitiesterspachgf Féptied  rdm the base

station. For example, mapping section 213 maps 15clusters 40 to #3 of CM/ 41 mapped to layer 40
and clustershdger 43 vf @W@?ﬁwéﬁﬁ}éd%qé}?@ﬂtﬁo Eﬁté%rga%igefr}é%l?%ﬁcylrgsources with the same

cluster spacing as shown in FIG, 268, [0186] Thys. ageerding t¢ saei present seiting method, terminal
300 uses thé Same duster pattern for CWs (SC-FDMA signal) mapped to 20 different layers, which

causes statigtical Ghanagteristias of 151 ini e freqiency domednits beldome iBREANHANY the same

between layers. That is, substantially the same 151 occurs betwegen different layers. This reduces the
distributfon GRISIxpGWEr betWe@iﬂﬁPérﬁ’éﬁﬂ’B}Evfe?lt?t%cc?cc%ﬁrleﬁcsepog ?é\”ﬁglt]wg{éielgers whereby a

layer having high S| 95interferes, with g layey havipg.small.iSI. [0187]According to the present setting
method, the H4 e?t floh Gan A 1Y
[0180] -According to the present seiting method as with setting method
2-1, the base station which 1is the receiving side can improve
transmission characteristics of each terminal without deteriorating
10 signal separation capacity in the space domain. Thus, according to the
present setting method, even when the terminal maps a plurality of
clusters to frequency resources at a cluster spacing in accordance with
the rank index during MIMO transmission,_it is possible, as with setting
method 2-1, to improve user throughput in each terminal while
15  maintaining the effect of improving system throughput by C-SC-FDMA
no matter what the rank index is.
r0181] <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.
101821 Hereinafter, this will be described more specifically. Here,
suppose the rank index is 2. AsS shown in FIG.26A, of two CWs (CW

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

-2
(%]

layer #1.
[0183] The scheduler of the base station determines the same cluster

pattern for CWs (CW 21 and CW #2 shown in FIG.26A) mapped to

o4



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 LSI become substantially the same between layers, which reduces the
probability that layers in which receiving quality considerably deteriorates will occur. The base station
can improve average reception characteristics of all layers and thereby further improve error rate
(block error rate) characteristics of CWs. 10[0188] <Setting method 2-4> According to the present
setting methpdssetiing:secton 204’ 4Ses el same’diusterpatiany (e himber'sf Cititers, cluster size
or cluster spacing) for an SC-FDMA signal in the same CWs mapped to different layers during MIMO
transmissior? §8[0189]Hereinafter, this will be described more specifically.Here, suppose the rank

index is 4. AF SQ%’” inELG 27A, Of bwe CWs (W dliand ¢, CW 4diisitapded to two layers of
layer 40 and Pafyer 41, and CW 42 is mapped to two layers of layer 42 and layer #3. [0190] The

scheduler of the base stativerdaterminastthe lsameciuster 20 pttersiGr the SEREBRME signal in the

same CW mapped to different layers (layers 40 to 43 spown in FlG.g?A {% tg{gnmglsgg.o. To be more

specific, the sohédulerdetemaire Be 8aphi tliste? pAHEHT For €1 Thapped 1o layer 40 and layer 41

Chown in 2518 27 IOLTIBIIGH Sacan 215 of wesing sacton 211 aides the SC.FOMA Sonal in
the same CW,mapped tpdifferent jayerabydhen section 212 divides both CW #1

mapped to layer #0 and CW #2 mapped to layer #1 into four clusters #0

1o #3 as shown in FIG.26B.

10 {0185]7 Turthermore, mapping section 213 of setiing section 211 maps
CWs (& plurality of clusters divided by division section 212) mapped 1o
the different layers fto 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

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.

10186} Thus, according to the present setting method, terminal 309
uses the same cluster pattern for CWs (SC-FDMA signal) mapped to

200 different layers, which causes statistical characteristics of IST inm the
frequency domain to become substantiaily the same between layers.
That is. substantially the same ISI occurs between different iayers.
This reduces the distribution of IS] power between layers and prevents
the occurrence of ISI between layers whereby a layer having high ISI

75 interferes with a layer having small ISL.

[0187] According to the present setting method, the base station can

farther improve transmission characteristics when 2 signal separafion



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 #1 mapped to layer #0 and layer #1 as shown in FIG.27B 5into two clusters
(cluster #0, cluster #1) in each layer.Likewise, division section 212 divides CW #2 mapped to layer 42
and layer #3 as shown in FIG.27B into four clusters (clusters #0 to #3) in each layer. [0192]
Furthermore, mapping section 213 of setting section 211 maps the SC-FDMA signal in the same CWs
mapped to different layers to 10frequency resources with the sar?%eg? luster gga&@&%?\ccordance with

a cluster pattermniclusten spasifyréperelicl o the %S St Kam)

example, mapping section 213

maps clusters #0 and #1 of CW mapped to layer #0 and |ayer, #1 as showea &les27i:to the same
frequency régéﬂl?ée§%ﬂ?ﬁfh%ns%%aglﬁ§telrns%é§ins . %%ewise,amapping 15section 213 maps clusters

40 to #3 of %[V}‘-#}%x%%pi%e%tc%!%/ﬁg 42 206 ayen #3ms.showd dnrE G278 ot 8HhEe frequency
resources wi Qﬁe same cluster spacing. [0193] Thus, according to the pr?sffﬂt gettirrlég method, -
terminal 300 yses dbensanae idlysierthattert for e sSCFDRAAAGHHAF i the's EW 26 mapped to

different layers and thereby causes statistical characteristics o nggh@hfge Uergy;gamain to be
substaniiallystHis garvialbetiiseri 4RerE 57 §58 sama Tl ﬁsgt %s, substantially the same 151 occurs in

different layeys to which the ﬁ%%.cr‘é’cia@ﬁigp@gaﬂnatdaaigﬁdﬁfempt tayersdciichifle same CW is
mapped, the agn|¥uée of IS| generated 25per layer and [Si between layers are substantially the
same. Thus fi€yu;. The base station can improve average reception characteristics
of all layers and thereby further improve error rate {block error rate)
characteristics of CWs.
10 [0188] <Setting method 2-4> |
According to the present setting method, setting section 2171 uses
the same cluster pattern (the number of clusters, cluster size or cluster
Spacing)Ker an SC-FDMA signa! in the same CWs mapped to different
layers during MIMO transmission.
15 [0189] Hereinafter, this will be described more specifically. Here,
suppose the rank index is 4 As shown in FIG.27A, of two CWs (CW.
41 and CW #2), CW #1 is mapped to two lavers of layer #0 and layer #1,
and CW #2 is mapped to two layers of layer #2 and layer #3.
[6190] The scheduler of the base station determines the same cluster
20 pattern for the SC-FDMA sigpal 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 ciuster pattern for CW1
mapped to layer #0 and layer #1 shown in F1G.27A and determines the
same cluster pattern for CW2 mapped to tayer #2 and layer #3 shown in
25 FI1G.27A.
{0191}  Division section 212 of setting section 211 divides the

SC-FDMA signal in the same CW mapped to different layers by the
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magnitude of ISI becomes uniform in the same CW. [0194] According to the present setting method,
since the difference 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 ISI 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
characteristics for each CW. [0195] <Setting method 2-5- 10According to the present setting method,
of CWs (SCskRMAwsignalpihappserto (diffeéhentdayeis eithg e tHake %Efbenf"sfﬁ%iﬁg section 211

decreases the number of clusters (or wideps the cluster size) for; CWs(SG-EPMAsignal) having a
higher transAiisSiBnIatETEItRe 88F°FE[0 S%]iﬁg%iﬁgf%?f@his will be described more specifically.
Here, terminal 300 applies @ogjrggigg%ggs’smg@nq}m@_eul@iiomp'recfassiﬁggosé)&/&ls»ms%é different MCS
sets for the respective CWs, performs link adaptation in the space domain, and thﬁ?reg%:transmlt a
plurality of CyVs hayingudifferentptparsmissiperréesirpkrafel i the SPABE ddmal- 20For example, a

case as shown in FIG.28 will be described Whelge a tragsl;[}nission rate;(MCS set){low medium, high) is
e

used. A highiMCS et @asEsraEHigh, MbddtkisRTevel: Aigh)is set in CW 41 and a iow MCS set

(coding rate: Jow, modulation levelslow) s sakin W #2 shawn if 116 26 Fluthermbres CW #1 is
mapped to ﬁbé’%%éé}naﬁ%" W 25%2 is mapped to layer 41.
shown in FIG.27B into four clusters (clusters #0 to #3) in each layer.
[0192] Furthermore, mapping section 213 of setting section 211 maps
the SC-FDMA signal in the same CWs mapped to different layers 10
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 #1
mapped to layer #0 and layer #1 as shown in FIG.27B to the same
frequency resources with the same ciuster spacing. Likewise, mapping
15 section 213 maps clusters #0 to #3 of CW #2 mapped to layer #2 and
layer #3 as shown in FIG27B 1o the same frequency resources with the
same cluster spacing.
[0193] Thus, according to the present setting method, terminal 3¢90
uses the same cluster patiern for the SC-FDMA signal in the same CW
20 wiapped to different layers and thereby causes statistical characteristics
of 181 in the frequency domain to be substantially the same between
layers for the same CW. That is, substantially the same 181 ocours in

different layers to which the same CW is mapped. That is, in different

layers to which the same CW is mapped, the magnitude of IS1 generated

b2
£

per layer and IS between Jayers are substantially the same. Thus, the
magnitude of 181 becomes uniform in the same CW.

[0194] According to the present setting method, since the difference
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[0197]Of a plurality of CWs mapped to different layers and transmitted by terminal 300, the scheduler
of the base station determines a cluster pattern having a smaller number of clusters (wider cluster
size) for CWs having a higher transmission rate (MCS set). To be more specific, as shown in 1716.28,
the base station determines a cluster pattern that matches the number of clusters (high, medium, low)
(or cluster size (narrow, medium, wide)) according to the MCS set (low, medium, high). [0198] Of the
plurality of CWs mapped to different layers setting section 211 decreases the number of clusters
(widens the cluster size) for CWs of a higher MCS set. To be more specific, setting section 211 10
decreases thg Rumbemef glutters forv@Wn#lla hasineea highed MES 5ot A85RBWA in FIG29 (two

clusters 40 and 41 in FIG.29), that is, widens the cluster size per CHJS"E%Y.TO{{] tk}%co':%grot}and, setting
section 211 icressell theon ey 6f Biisies 56IOWPALREHY HioWerMCS set (ur clusters 40 to

43 in FIG.29), that is, natrows luster si : t 9] Jihus, TR G\WS, hiaving a higher
transmissiong;téat’éaﬁ\tfélg%é%%), trfg%g,lﬂgve\?rg%rég?e%séu]stggp%?b ert%)%ﬁ% %nﬂu%%ce of ISI (CWs having lower
allowable 1579, the aumbesief discantingbus points I8 b fiuctiratibre of thefediblizeédéannel gain of a
combined signal 20 decreases as with setting method 1-1 of Embodiment 1. It is ther&bé/ possible to
reduce 151 ocearting) atieoirbiAEpSiNts FHREGAEHIGIS OIS in A Piutkit) "o iSters for CWs having

25 olsters (TFHOMRTHE isle Sty or COTL Pau ng & Foueh v acion T (VS set thatf
CWs less susgeptible,tthe.influencerat 1ShERWs having gretet allowabte ¢S!) cThigiinereases the
number of discontinuous points in a fluctuation of the equalized channel gain in a combined signal as
with setting mathedtésisofes for each CW.
[0195] <Setting method 2-5>
10 According to the present setiing method, of CWs {8C-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 [0166] Hersinafter, this will be described meore specifically. Here,
terminal 300 applies coding processing and modulation processing to
CWs using different MC8 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) (Jow, 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: low, modulation level: low) is set in CW #2
shown in FIG.29. Furthermore, CW #1 is mapped fo laver #0 and CW
25  #2 is mapped to layer #1.

(019717 Of a plarality of CWs mapped to different layers and

transmitied by terminal 300, the scheduler of the base station
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Embodiment 1 in the base station, but since robustness against ISI high, it is possible to improve the
frequency diversity effect in the range of allowable ISI. [0201] Thus, the present setting method sets
the number of cluster (cluster size) for CWs of different transmission rates (MCS sets), and can
thereby improve throughput per CW. That is overall throughput (user throughput) of a plurality of CWs
can be improved as a 10consequence. [0202] <Setting method 2-6> According to the present
setting method, of CWs (SC-FDMA signal) mapped to different layers during MEMO transmission,
setting section 211 narrows a cluster spacing or CWs (SC-FDMA signal) 15having a higher

~ transmissiongate (NK:S set)u[A20 Bhkereihafténgthisswith b devofised mokesspiecificHlr Here, as with
setting method 2-5, terminal 300 performs link adaptation in.the space %mn using qj'gferent MCS
sets for respebtive CWE) AaSS¥ il br 88t i el Hs FPARHTPE WAE & tranghiission rate (MCS set)

20 (low, medium, high) is used as sh in:ElG.39 »kurther , ih settingsmethad 2-5, a high
MCS set (coaiengmrgfqé: ﬁ?&ﬁﬁr%%dﬁiaﬁgwgvélﬁ rcﬁgﬁhg)) TE ’se{':H Fh @8\5%4]? %r%%n in FIG.31 and a low MCS
set (coding ratgslewpaiedulatian ievaihlonwis setrih @WF 42 uEurtheiimpire )M 4 is eriglpped to layer
40 and OW 02 is mapped to 25layer 41. [0204]Of a plurality of CWs mapped o different layers and
transmitted b teehnisiar 300¢ (e sehsdmel orthe b ase HatiBhd deidiritad A Ausies phattern with a

narrower cluster g%acipg ;gr CWs having a higher transmission rate (MCS set). To be more specific,
as shown in ﬁ@i. Tthe hase station determines a duster pattern with a cluster spacing (wide,

medium, narja) gecorsing o sherMGS set (o Smadiuun, highit (02a5] 1@f the, pheralitg of CWs
mapped to different layers, setting section 211 narrows the cluster spacing for CWs having a higher
MCS set. To b timre?dpedificesetinghsestionb21 1A A Teaiethe Bser dhachg T cWF%L having a

higher MCS ngg %Sﬁg%v}malﬂigx%isﬁ&nset 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 nmumber of clusters for CW #2 having a lower MCS set
(four clusters #0 to #3 in FIG.29), that is, narrows the cluster size per

15 cluster. _ |
[0199] Thus, for CWs having a higher transmission rate (MCS set),
that is, CWs more susceptible to the influence of IS] (CWs having
lower allowable ISI), the number of discontinuous points in a
fluctuation of the equalized channel gain of a combined signal

20  decreases as with setting method 1-1 of Embodiment 1. It s thereby
possibie to reduce ISI occurring al combining points (discontinuous
points) in a plurality of clusters for C'Ws 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 181 (CWs having greater allowable ISI). This increases
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10the other hand, setting section 211 widens the cluster spacing for CW 42 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 ISl), 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 of clusters for CWs having a higher transmission rate (MCS set)
(that is, the difference in equalized 20channel gain can be reduced), and thereby reduce Et in a CW.
[0207] Furthermaremsetting séiction 24 donidans the dusteflspaehitptored\Wisehadivdy & fdwer
transmission rate (MCS set), that is, for CWs less susceptible to the influeré%e gf l] Jr (%:%Ns having
channel gain at

greater allovédtsianEd 1 gsAthdugh tREHERES (e RRtuishon bt (& Sqfalizé
 Zocombining RS (Sisaontiuays RIS\ of e conbined siapel mare.abmph ihas s he difference

in equalized cRanne gaincreases) as with setting method 1-2 of Embodiment 1, the base station can
improve thefreguancysdiveysity effect inghevkange di-allowabie 1St ecausdrobustngds against ISI is
sufficiently high. [0208]Thus, the present setting method sets the cluster spacing according to CWs
having differem granéralésionhbigtds (MCS sets), and can thereby improve throughput per CW as with

setting method 2-5. That is, it is possible to. improve querall throyghpyt (yser threughput) of a plurality
of CWs as a c})ﬁ}s%qug?l}’c"'és[o 9]%%%%%% EFﬁ(te"t’h‘%ogdsrg '26-1}{ ?o 2-6 have been described so far.  [0210]
Thus, the preseptembodiment caw olyainiefieets simitanios10fhosa dn EMBSdmeNt laaden when MIMO

transmission is used.
can thereby improve throughput per CW. That is, overall throughput
(user throughput) of a plurality of CWs can be improved as 2
10 conseguence.
[0202] <Setting method 2-6>
According to the present setting method, of CWs (SC-FDMA
signal) mapped to different layers during MIMO transmission, setting
section 211 narrows a cluster spacing for CWs (SC-FDMA signal}
15  having 2 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 FIG3I and & low MCS set
(coding rate: low, modulation Jevel: low) is set in CW #1.
Furthermore,.CW ¥1 is mapped to layer #0 and CW #2 is mapped to
25 layer #1.
10204] Of a plurality of CWs mapped to different lavers and

transmitted by terminmal 300, the scheduler of the base station
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[0211] In the present embodiment, the base stati on 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) defined for every
range separated by a threshold and holds the relationship 13,..CB,+1. Furthermore, B', (i=0 ...)
represents a 20maximum cluster spacing defined for every range separated by a tt%r hold and holds
the relationshipel02t2JsFor exaneplez8s ShowitbinaF IG 132K S the INa Lt sERSH Hay *Also $&t a threshold for

each rank index, compare the rank index (RI) of terminal with th res Qld apd getermine the
number of chistérs (Xﬁ%%%é%?é%ﬁ@cﬁ%&?t ecé].:—sfsées1 atio)rﬁédgtéer%%es e number of clusters X

to be 4 when,the rank index Rl is, 1 anddeigrminesthenumpber oi ghusteps: XdmbeBiwhen the rank
index Rl is 22 fhe sameé applies to a case where the rank index Rl is 3 or 4. That is, in FIG.32A, a

fixed numbeg @f:glysiprs is atviod henratikindexr {024 31RunAbrmbdtet s MiowAth tH¥hod 1 in
FIG.3213, the base station may set a threshold for each rank index and set an upper limit of 5the
number of clustéranx for@eeh rank index. For example, as shown in method | of FIG.32B, the base

station deterfpings one, pupber gf AHSIeLs Whese YRPBLEY ia theumber aisclustetaX=4 when the
rank index Rl énd etermines one number of clusters whose upper limit
section 211 narrows the ciuster spacing for CWs having & higher MCS
set. To be more specific, setting section 211 narrows the cluster
spacing for CW #1 having a higher MCS set as shown in F1G.31. O=n
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 hi.gher transmission rate (MCS set).
that is, for CWs more suscepiible to the influence of ISI (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 egualized channe] gain at combining points
{discontinuous peints) of 2 pluraiity 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 1S in a CW.
[02071 Furthermore, sefting section 211 widens the cluster spacing for
CWs having a lower transmission rate (MCS set), that is, for CWs less
susceptible to the influence of 181 (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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IS the_ numl:_)er of clusters X=3 when the rank index Rl is 2. The same 10applies to a case where the
rank !ndex IS 3 or 4. Setting section 211 of each terminal sets the number of clusters according to the
rank mdgx in this way, and can thereby limit the maximum value of 151 per layer so as to prevent ISI
from a different layer from exceeding allowable ISI,  Thus, the base station can correctly select an
MC_S set of each layer in 15each 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 ranlé index. For
example, as shown in method 2 in FIG.328, the base station determines one number of clusters i.n a

ra]}nzgex 3oft§5..?%qéwsgngh&rahk indéecRIiis thandedererfiingd ofiaHaniSér bt Stifisters in a range
of 2..,X,c3 when the rank index Rl is 2. As shown in FIG.3A or FIG.3B, this allows the settin i

‘ dex . sh 3B, g section
211 of each tehwitasts 36e8HY Stick & hiliniHer oY diglers X that matches the user throughput of a

certain valug ;S?é r@ffﬁgve#gglydi ﬂ%thf 3 ggl%itm um.value, . Jurthermare, thedase gtationy can reduce the

number of r bits t0 25repott the hnumber of ciusters X per la
. ( yer. [0214] Furthermore, as shown
in FIG.32C, the base statianunay alseset i theesholbso s o separaté bEtvesita piidfality of rank

indexes for _
5  can thereby improve throughput per CW as with setting method 2-5.
That is, it is possible to improve overall throughput (user throughput)
of a plurality of CWs as a consequence.
[0269] Setting methods 2-1 to 7-6 have been described so far.
[6210] 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 &
threshold of the rank index to determine a cluster pattern in the same
way as in Embodiment 1 (FIG.I6A to F1G.19C). Hereinafter, an
example where the base station sets a threshold and determines a
15  cluster pattern will be described using F1Gs.32A to 32E.  In FIGs.324
10 328, B (i=0, 1, ...) is a bandwidth (cluster size) per cluster and
indicates, for example, a minimuom handwidth {minimum cluster size}
defined for every range separated by a threshold and holds the
relationship BB Furthermore, B’; (i=0, 1, ...) repreésents a
70 maximaom cluster spacing defined for every range separated by a
threshotd and holds the relationship B'2B . |
[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 ciusters
W 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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every certain range of rank index and set a cluster size (Y) for every range of rank index. i
method 1 in FIG.32C, as with method 1 in FIG.32B, the(bezse statioﬁ detgrmines one c?usé(r:cs?zrglr\](g °
whose lower limit is a minimum cluster size (130, Bi, B2, B3 shown in method 1 in FIG.32C) defined
for_eve_ry range of rank index. As shown in method 1 in FIG.32C, when the rank index Rl is 1 to 2
whl_ch 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
10FIG.32B, an upper limit and a lower limit of the cluster size are set for every range of rank index
[OZlS]Furtheym@r&;Mhetherbmkds@ﬁoﬁbdmdates%lus@r@iéée(w USifigthe né Bisdof clusters .(X)
as shown in FIG.32D, the base station may set a threshold for each rank index, set the number of ’
clusters X1; 15tk &agh ¢k GRx SHd ealt a‘f%%fd&g?}é‘ize Y. Here, Xri (ri=0, I, 2,  riis a number

a;ssngned for@\g% ra %gp; the rapk index separated yia threshgldy represents thes Bsgmber of
clusters set for each rank index in éach range (ri). Furthermore B represents the total bandwidth (that

is, the sum of glysiersizesdiusestana G-SC-FRIV MA0isignalaTo bet morergPecifie intF1G.32D, the
base station calculates cluster size Y.---B/X," set in the rank ind%x usin%éhrf number of clusters Xri set
o %1

for eachanklindexnii=0,f, le,uﬁ.ff@?_fé]flﬁﬂrﬂ*?éllhﬁ%lf A8 LHown N FRE FBE théHASR Station may also
set cluster spacing Z() dfp{ e{?fi%f@ﬁgc’igﬁlgybs%ﬁynggﬁtgﬁe%{’éqgggn%@ each rahkiypdex: In FIG.32E,

the b.ase sta}ﬁﬁnrfale Fmines cluster spacing Z whose upper limit corresponds to a maximum cluster
spacing (13'Q,; B:3.shayun in Rig32E)for packerankninelex s AdishevenXind ©G 32 witigH the rank index

Rlis 1. the bz_ase statiop may set an arbitrary value for cluster spacing Z. .
index RI is | and determines one number of clusters whose upper limit
is the number of clusters X=3 when the rank index RI is 2. The same

10 applies to a case where the rank index is 3 or 4. Setting section 211 of
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 ISL
Thus, the base station can correctly select an MCS set of each layer in

15  each terminal. Furthermore, as shown in method 2 in FIG.32B, the

base station may also set a lower timit and an upper limit of the number
of clusters for each rank index. For example, as shown in method 2 in
FI1G.32B, the base station determines one number of ciusters in a range
of 2<X<4 when the rank index Rl is 1 and determines one number of
20  clusters in a range of 2<X<3 when the rank index RI is 2. As shown in
FIG.3A or FIG.3B, this allows the setting section 211 of each terminal
to set only such a number of clusters ¥ 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.

102141 Furthermore, as shown in FIG.32C, the base station may also

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



[0217]A case has been described in the present embodiment in FIG.2313, FIG.25B and FIG.27A
where the S/P section in terminal 300 converts CW from serial to parallel and the DFT section
performs DFT processing. However, in terminal 300 of the present invention, the DFT section may
perform DI_:T processing on a CW and then the S/P section may convert the CW from serial to parallel
as s_hown in F1G.23B, FIG.25B and FIG.27A. 10[0218]Furthermore, the present embodiment is
appllc_able to both single user (SU)-MIMO transmission (that is, MEMO transmission between a
plurality of antennas of one base station and a plurality of antennas of one terminél) and multiuser
(MU)-MIMO g issiam (thatds, MIMQrangmissioh betweehiatptusatity Of Arflenrastof one base
ISstation and a plurality of antennas of a plurality of terminals). [0219] Furthermore, a.case has been
described withrsstting methodsd®: and 2076 il Hre &bt EHbbdithe KLTJ‘IH ’aacﬁuéﬁégﬁoattem is

determined according to the rank index.However, the pr | tign.c rmine @ cluster pattern
according to i e’rnollg éél gégaﬁg ?ngﬁfpﬁeitéaélgﬁf g%?lgswnﬁgfelg% p%%sgiigﬁtg tgg%%on?rol the P

magnitude ofJ5} hetween diffarent ¢\Wsascersliomtadhe nismisey, ab C\Ws.aBd ishprovel transmission
characteristics per CW. This increases the probability of being able to select an MCS set with higher

l(iffi(;ihency of ufﬁmgrequendy fb38Grceds Hind Eafe therely fUither 25imifrBle Hkthroltghput. [0220]
urthermore, MIMO transmission using precodiri* has b ' in. i
the present iAU&MtTbATSHER" Spphil ﬂ%’?&?ﬁ%l’l\ﬁéﬁ%%hegﬁanngeﬁncdﬁ(e%tnlw? e e !

: U at \ nsmission without precoding (that is, when a
precoding mggrl>g,|§gl§ggn@leaq,ﬂ§gaﬁ5@|t Mmatx). [Q2R1} Jhe.emiagdimentd lehitheé prekseintinvention have

been described so far.
maximum), the base station may arbitrarily set ciuster size Y.
Furthermore, according to method 2 in FI1G.32C, as with method 2 in
10 FIG.32B, an upper limit and a lower limit of the cluster size are set for
gvery range of rank index.
[0215] Furthermore, when the base station caleulates cluster size (Y)
using the pumber of clusters (X), as shown in FIG.22D, the base station
may set a threshold for each rank index, set the number of clusters X
15 - for cach rank index and calculate cluster size Y. Here, Ky (ri=0, I, 2,
., 118 a number éssigned 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 F1G.32D, the base station calculates
cluster size Y=B/¥, set in the rank index using the 11umbe_r of clusters
3., set for each rank index (ri=0, 1, 2. 0 b
[6216] Furthermore, as shown in F1G.32E, the base station may also
set cluster spacing (Z) for each rank index by setting a threshoid for
75  each rank index. In FIG.32E, the base station determines. cluster
spacing Z whose upper limit corresponds to a maximum cluster spacing

(B, B"y. B'z, B3 shown in FIG.32E) for each rank index. As shown
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[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 bun_dllng a plurality of RE,s decreases, the 10present invention may reduce the number of
clusters (W|de_n the cluster size) or narrow the cluster spacing.This allows effects similar to those in the
above (_ambodlment-s to be thereby obtained. [0223] Furthermore, the present invention may combine
Emb_odlment I and Embodiment 2. 15[0224]Furthermore, the terminal may also be called "UL (User
Equipment)" arel the basevaiatich meynilse bexcRleds'Node B tHBS (438 StatioR§t {§225]Moreover
althqugh cases have been described with the _embodiments above where the present invention is’
configured byt 7oRartWARES the! prEsdAt RAHESn may be implemented by software. [0226] Each

function block sployed in, (e descigian oL ibe ploremeniiongd.eahodiment masiypically be

implemente : L co_nstltute(_:i by an integrated circuit. These may be individual chips or partially
or totally contained ®n s chipl 1IS12iz adepted here Y8bat thiswnay atsarbeefdifed to as "IC,"

"system LSI," "super LSI" or "ultra LSI" depending on differin i i
the mettiod sheirsatsIREgrENON RERGL iR $5161 and 1he extents of integration,j0z27] Further,

processing. However, in terminal 300 of the present inventionm, the
DFT section may perform DFT processing on a CW and then the S/P

section may convert the CW from serial to paraili.el as shown in FiG.23B,
FIG.25B and FI1G.27A.

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

15 statjon and a plurality of antennas of a plurality of terminals).

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

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

25  improve user throughput.

(02201 Furthermore, MIMO transmission using precoding has been

described in the present embodiment, but the present invention is also



LSI's, and implementation using dedicated circuitry or general purpose processors is also possible.
After LSI manufacture, utilization of an FPGA (Field Programmable Gate Array) or a reconfigurable
processor where connections and settings of circuit cells within an LSI can be 5reconfigured is also
possible. [0228]Further, if integrated circuit technology comes out to replace LSI's as a result of the
advancement of semiconductor technology or a derivative other technology, it is naturally also possible
to carry out function block integration using this technology. Application of 10biotechnology is also
possible. [0229] The disclosure of Japanese Patent Application N0.2008-292653, filed on November
14, 2008, inglugling: the spedifisé@on; arawingioand abstradtisdaBsrBoraiéd hidrePBY réference in its

entirety. Industrial Applicability [0230] The present invention is applicable to a mobile communication
system or the' ik JIAR TIEFE 16 N\?I@Rfiﬁiﬁél\?ﬂ&éiﬁa%&)?gdio communication terminal apparatus

comprising: ., , -3 fransformation. section that applies.dissete faurier ransforae processing to a time
domain symbol sequence, to generate a frequency domain signal; and a setting section that
divides the feggegncy domain signal into a plurality of clusters in accordance with a cluster pattern

corresponding to a modulation and coding scheme (MCS) Eet that i %%tr];?r thse I’\r]%gygncy domain

signal, dcodifgEize that kS edtrorrRnidelienBsUdmET HG8aI°F R YR dex in a multi-input
multi-output (MIMO) transmission, mags,the, plurality;of slusters e aspluraliti ef diseensinuous

frequency re o‘ifrtt?és?aﬁal¥héreby determines an arrangement of the plurality of clusters in a frequency
domain. Claipg, AT hedadio eommpunicationterminalappfatus accordig tocsiaie iagated
to a signal transmitted by the terminal, the number of resource elements
(RE) or the number of RBs bundiing_a plurality of REs decreases, the
10 present invention may reduce the nu.mber of clusters {widen the cluster
size) or narrow the cluster spacing. This allows effects similar to
those in the above embodiments to be thereby obtained.
[0223] Furthermore, the present invention may combine Embodiment
1 and Embodiment 2.
15 [0224] Furthermore, the terminal may also be called “UE (User
Equipment)” and the base station may also be called “Node B or BS
{Base Station}.”
[0225] Moreover, although cases have been described Wit}a 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

but this may also be referred to as “I1C,” “system LSL” “super LSI” or

3
L]

“nltra LSI” depending on differing extents of integration.

[0227] Further, the method of circuit integration is not limited to
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wherein the setting section divides the frequency domain signal in accordance with the cluster pattern
with a smaller number of clusters for a higher modulation level set in the MCS set. Claim 3The radio
communication terminal apparatus according to claim 1, wherein the setting section divides the
frequency domain 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 MCS set. Claim 4The 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 pattern with a
narrower frequahcydnteiva) lbetesenitive piinalide 6f eltete 16r HHigHet PGS/ RO &RFel indicated in

the MCS set. Claim 5The radio communicatiop telldpa’ apparat CC%@%{Q c¢laimp L.wherein the
setting sectichi Hivithes the f%ﬁ%&%ﬂfrg’gﬁainb’s%eﬁaﬂagizé? %1%%63 t gaéluster pattern having a smaller

number of clusters far,the Spalenaading sze.Claim G ke radieccompunaibniign serminal apparatus
according to claim I."wherein the setting section divides the frequency domain signal according to the
cluster pattekathaving awides hanadwict per cludterifsrihecsiialler bdin) sizé | GIRImP#The radio
communication terminal apparatus according to claim I. wherein the setting section maps the plurality
of clustefs toraqsInfFa%ty of éﬁs%’éﬁtiﬁ%ﬂ&lf?equency resources according to the cluster pattern with a

narrower freqyency interval hetyesn ihe, pluralibe of Clusters fet he smadlefueoding ize.< Claim 8The

radio communication terminal apparatis according to claim I, wherein the setting section divides the
frequency domgin signal-asenrdingie thie shusterepattelns havimgrd sl ér i bes oféldsters for a
higher coding rate indicated in the MCS set. Claim 9The radio commun{ﬁation terminal apparatus
according to ¢kaimative other technology, it is.naturally also possible to carry oOU
function block integration using this technology. Application of
10 biotechnology is also possible.
10229] The disclosure of Japanese Paient 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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wherein the setting section divides the frequency domain signal according to the cluster pattern with a
wider bandwidth per cluster for a higher coding rate indicated in the MCS set. Claim 10The radio
communication terminal apparatus according to claim 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 interval betweea B QlLifal @y 0 ENEBIERSE a higher coding rate indicated in the
MCS set. Claim 11The radio communication terminal apparatus according to claim 1, wherein the
setting se€tieimdivides the/fregieneyuion st Sigaahivt ordiag e tengiises: pattern with a smaller
number of clusters for the higher rank index. Claim 12The radio communication terminal apparatus
according to claimf1isErensting Seeing SewtarPHRACHECHSE HEBIEA 88 TP takt 8rdance

with the cluster pattern with a wider bandwidth for each of thggpluralit of plu%ters for the higher rank
index. Claitd $9Ra it bOnRTHARC At BHRIFRT L5HErads &%Pd?ﬁéd‘% &4im 1, wherein the setting

section maps the %I%rez%tlllrtr]}/ gge%klilgrt]e{ﬁat[o & xﬁfgérs,alti% qiréji?legf{%tflindjo%gngresﬁtlﬁ%%m;%e%o%ﬁ%j{ agcordance

with the cluster patterni iNg a narrower frequency 1 between the plurality sters for the

higher rank Jndex Glaim 14 The tadio communication (erminghappRIatySARaRLHING 4B, wherein

the setting section uses the same cluster pattern for the plurality of frequency domain signals mapped

to differentgygrs cring dheMIVQdr apsmissigudabsimohRlheimadiocosmynigatipi terminat
apparatus according to claim 1, wherein the setting section uses the same cluster pattern for the same

frequency glentaigusignalinappeditodifferentiayeisdduring thenmitilinmputmititbopput MaMEMission.
Claim 16The radio communication terminal apparatus according to claim _
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 claim I,
wherein the setting section divides the frequency domain signal in accordance with the
cluster pattern with a smaller number of clusters for a higher modulation level set in the

MCS set.

Claim 3 The radio communication terminal apparatus according to claim I,
wherein the setting section divides the frequency domain 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 MCS set.

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 pattern with a narrower frequency Interval

between the plurality of clusters for a higher modulation leve! indicated in the MCS set.



wherein the setting section reduces the number of clusters for a frequency domain signal' having the =
higher MCS set of the signals mapped to different layers during the MIMO transmission. Claim 17_The3
radio communication terminal apparatus according to claim 1, wherein the setting section widens the =~
bandwidth per cluster for a frequency domain signal having the higher MCS set of the signals mapped
to differentlaygrs during tiadViihe transmissiar oflatamLET hepfadionsommudication téximinal
apparatus according to claim 1, wherein the setting section narrows the frequency interval between the
plurality ofsdiusterstfosettiragsanion dbmdin Sigriadhaving dhehighsig R Csceediotthe Bigsiistthapped to
different layers during the MIMO transmission. Claim 19A radio communication base station apparatus
comprisingattern hivisterrpipaHgrsasTber Wiz Baessriin e sreplep AR #76f a signal according to a
MCS set that is set for the signal from a radio communication terminal apparatus, a coding size that is
set for the signal or a rank index in a multi-input multi-output transmission; and a reporting section
that reportg the determined, cluster pattern to.th radgé) com ‘éni%%ig%g tg{@%ﬁ% appargius. Cr‘laim 20A
cluster arr ent setting Théethdd (‘::gnn%lpnrlllsniﬁ:&:mn drir\?ldilng apPrequency domam signal genérated by

applying disClets FRVISANSIONN RIGRRRSIAC IR ALHIE domalh Suihal 2eaancs o @ alrally of

clusters in accordance witha cluster pattern corresponding to a modulation and coding scheme set

that is set f, the freauency domain.signal-Asadingqiae thakirses datidrequency domain signal or

a rank index in a multi-input multi-output transmission; and mapping the plurality of clusters to a
plurality of discontinuous frequency resources and thereby setting an arrangement of the plurality of
clusters. Claim 21(Added) A cluster pattern reporting method for reporting a cluster pattern of a
signal fronC&iadio commieatishdecminalizispavatusrdetelmipedriuaceordaiice WithcEmodulation
and coding scheme set that is set for the signal, a coding size that is set for the signal or a rank index
" in a multi-inbetainutticositinetressensaians tthenalvadliey confimsiication ikt apgaierpdnuous

frequency resources according to the cluster pattern with a narrower frequency interval

between the plurality of clusters for the smaller coding size.

Claim 8 The radio communication terminal apparatus according to claim 1,
wherein the setting section divides the frequency domain signal according to the cluster
pattern having a smaller number of clusters for a higher coding rate indicated in the MCS

set.

Claim 9 The radio communication terminal apparatus according to claim I,
wherein the setting section divides the frequency domain signal according to the cluster
pattern with a wider bandwidth per cluster for a higher coding rate indicated in the MCS

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

interval between the piurality of clusters for a higher coding rate indicated in the MCS set.
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Claim 11 - The radio communication terminal apparatus according to claim 1,
wherein the setting section divides the frequency domain signal according to the cluster

pattern with a smaller number of clusters for the higher rank index.

Claim 12 The radio communication terminal apparatus according to claim [,
wherein the setting section divides the frequency domain 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 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 having a narrower frequency

interval between the plurality of clusters for the higher rank index.

Claim 14 The radio communication terminal apparatus according to claim 1,
wherein the setting section uses the same cluster pattern for the plurality of frequency

domain signals mapped to different layers during the MIMO transmission.

Claim 15 The radio communication terminal apparatus according to claim 1,
wherein the setting section uses the same cluster pattern for the same frequency domain

signal mapped to different tayers during the multi-input multi-output transmisston.

Clamm 16 The radio communication terminal apparatus according to claim 1,
wherein the setting section reduces the number of clusters for a frequency domain signal
having the higher MCS set of the signals mapped to different layers during the MIMO

{ransmission.



Claim 17 The radio communication terminal apparatus according to claim I,
wherein the setting section widens the bandwidth per cluster for a frequency domain signal
having the highér MCS set of the signals mapped to different layers during the MIMO

fransmission.

Claim 18 The radio communication terminal apparatus according to claim 1,
wherein the setting section narrows the frequency interval between the plurality of
clusters for a frequency domain signal having the higher MCS set of the signals mapped to

different layers during the MIMO transmission.

Claim 19 A radio communication base station apparatus comprising:
a determining section that determines a cluster pattern of a signal according to a
MCS set that is set for the signal from a radio communication terminal apparatus, 2 coding
size that is set for the signal or a rank index in a multi-input multi-output transmission; and
a reporting section that reports the determined cluster pattern to the radio

communication terminal apparatus.

Claim 20 A cluster arrangement setting method comprising:

dividing a frequency domain signal generated by appiying discrete Fourier
transform proéessing 10 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 for the [requency domain signal, a coding size that is set for the frequency domain
signal or a rank index in a multi-input multi-output transmission; and

mapping the plurality of clusters to a plurality of discontinuous frequency

resources and thereby setting an arrangement of the plurality of clusters.



Ciaﬁm 21 (Added)

| A cluster patt'ern reporting method for reporting a cluster pattern of a signal from a
radio communication terminal apparatus determined in accordance with a modulation and
coding scheme set that is set for the signal, a coding size that is set for the éignal or a rank
index in a multi-input multi-output transmission to the radio communication terminal

apparatus.



