DESCRI PTION Title of Invention WRELESS TRANSM TTER AND REFERENCE S| GNAL
TRANSM SSI ON METHOD 5 Techni cal Fi el d_[0001] The present invention rel ates
to a radio transm ssion apparatus and a reference signal transm ssion

met hod. 10Background Art [0002] For an uplink channel of LTE-Advanced,

whi ch is an evol ved version of ﬁﬁﬁbg@gﬁﬁp HN partnership project

| ong-term evolution (3GPP LTE), using both contiguous frequency

transm gsi pn 3ng io@ntiguous frequency transmssion is under 15
consideration (see n-Patent Literature 1). That is, in comrunication

from eagpr RadPsSommeTk A3k ST TanTR N2l ARRAT ALk BREA(RAT ! ergfRPRTCT O
as "term na 0 a radi'o conmhuni cati on ‘base station apparatus ;
(herein§ﬁigﬁq§ﬁi_ §f65ﬁﬂ{ﬁ%j}€ﬁ§e station"), contiguous frequency
transm ssi’‘on ‘and "non-conti guous frequency 20transm ssion are sw t'ched:
[OOQQ]Cbntiguous frequency transnmission is a nmethod of transmtting a d
signal and a reference signal (RS) by allocating such signals to

contiguqus .fre cy ,bands. For B
exanple?gggﬂﬂﬁﬁwﬁgr 41, ncont i guousf r equency ,

[0001] The present invention relates to a radio transmission

ata

apparatus and a reference signal transmission.method.

10 " Background Art ‘
[0002] For an ‘.itlplinli crh'anz‘l_el of LTE—Advanced, Whiéh is an
evolved version of 3rd generation partnership project long-term
evolution (3GPP LTE), using both contiguous frequency
transmission and non-contiguous frequency transmission is under
15 consideration (see Non-Patent Literature 1). That 1is, 1in
communication from each radio comrhunication terminal apparatus
(herecinafter referred to as “terminal”) to a radio communication
base station apparatus (hereinafter referred to as “base station”),
contiguous frequency transmission and non-contiguous frequency
20  transmission are switched.
[0003] Contiguous frequency transmission is a method of
transmitting a data signal and a reference signal (RS) by
allocating such signals to contiguous frequency bands. For
example, as shown in FIG.1, in con.tiguous frequency
2b transmission, a data signal and a reference signal are allocated to
contiguous transmission bands. In contiguous frequency

transmission, a base station allocates contiguous frequency bands



. transm

25transm ssion, a data signal and a reference signal are allocated to
contiguous transm ssion bands.ln contiguous frequency transm ssion, a base
station allocates contiguous frequency bands to each term nal based on
the reception quality per frequency band for each termnal, so that it is

possible to oﬁt in_f.requenc dsched | ing_effgects. ¢ ¢
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‘range of Fa d,. For exanple, as shown in FIG 2, in non-contiguous frequency
8§ SHPlngi63582§1ble to allocate a data signal and a 10reference

- signal to_ transm ssion bands which.are dispersed all over the frequency
- -band. lhgﬁbﬁ cont i Ydbus! ?eq&éﬂ5§ t35%%%issp8ﬁf°8&ﬁb%?gﬁstoiHBHPF dus
frequency transnission, the flexibility of assignnment of a‘da}a si.gnal and
ar eréwdbﬂgiwénnuﬁfﬁte&tﬁewaf{baﬁdéwgswbtﬂ&gedé gtthatereli anfossiple
to gain greater 15 frequency scheduling effects. Further, in
non- conf § IRIGHS & r fifehlcy ¥ r FALAF 35iPdh, SPEhi $1g8adpite 1 Mt bHEd e
probability that all of a data signal or a reference signal of a termna
will gefradquengyl bapdsn wddickg. arehdispsrsadcdrdpny ds Admecort] :
transm ssion, it is possible to obtain frequency diversity effects 20and
suppr esEoflec&ringp bt ohs ot b P wdeptl oRl €hds aék eMiodt-icONti pDOOS] IEGANKACY i n
LTE, as shown in FIGs.1 and 2, a termnal transmts a data signal and a

r ef er enta@ g e ojn  tile iano $ Hidrigni ks ahlaedle (8ed MNon-Farreardt 2nderdature
2). Then, a base station estimates a channel estinmation value of the '
t r dds i ssfege 28 diga alo tahiteanamdas ko Bi fraldsofwhaeh aegnidaspersedl rbcat ed,
using a reference signal, and denpdul ates the data signal using the.
channeloesti mbk ¢ onfvafuency 0Go8]durt heln i molFEO nddgaonef erfénga esicgnal to
use for ' : :
transmission, compared to contiguous frequency transmission, the

flexibi-lity of assignment of a data signal and a reference signal to
frequency band__s is improVed, so that it is possible to gain greater
13 frequency scheduling effects. Further, in mnon-contiguous.
frequency transmission, it is possible to decrease the probabilfty
that all of a data signal or a reference signalrof a terminal will
get in a valley in fading. rThat is, a-cco_rding to nbn-contiguous
transmission, it is possible to obta.in frequency diversity effects
20  and suppress deterioration of reception characteristics. | |
[0005] Further, in LTE, as shown in FIG’s.1 and 2, a terminal
transmits a data signal and a reference signal in the same
transmission band (see Non-Patent Literature 2). Then, a base
station estimates a channel esti_mati_on value bf the transmission
25 band to which a data signal of cach terminal is allocated, using a
reference signal, and demodulates the data signal using the

channel estimation value.



propagati on path estimtion of ah'uplink channel , an orthogonal code
called a cyclic shift sequence, which has high interference suppression

effects, is enployed (see Non-Patent Literature 3). 5 Because one code
sequence (ZC sequence) allocated to each base station (cell) is cyclically
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pl urali cyclic shift sequences Wwhich are ort to eac r. An
anmount of shifting betweep, .cvcl.ic shift seqguences i et _greaf,er than -
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performng a correlation cal cul ati on a received signal  and base code
SequbncB CURTEE 03e 20 LhoViYoh 8 4C TRAUEBFFY AllosTIoA) (8 Torh dfthhdi ng

to cyclic shift sequence (CS ppears at th osition which is shifted
by cycl SEadRmf {cql R SgRa TR SBOEE 09 dny 2t HES S Ao BB ok £35T190
val ue corresponding tq cyclic shift sequence (CS #1) appears. By setting
cyclic &Rkt i mmo/ﬁsgkiat*eq q-hfélﬁnd@wrﬁqﬁby i &yr??!d‘fisd]a}tfltl CEEHHRSCS it i s
possible to extract a correlation value in the period (detection w ndow)
in whi cWeh nethni AgthRgenst tRe <edt r et Gave é@ spgouds gdoAdidie as a
met hod of transmtting a reference signal in non-cantiguous frequency
transni B§T WSSt & Chbt AUt aF 1 porSEblis. SEl e ateR thathshslasi dhmgeihct (a)
in FIGS5, reference signals are_ generated from one code sequence. That is,
tr arfsni Bt ldhpath pehappfbd b sdisliowhginnElfode seduemdaapy teanpEits 2
correspondi ng to the bandw dth of each contiguous frequency band .
(her ei naFedic sbith sedued e gedlargted  ysinmia dliffrranhgmapnt of cyclic
shift per terminal or antenna. A base station obtains a
correlation value corresponding to each cyclic shift sequence by
receiving a plurality of cyclic shift sequences that are
15 multiplexed in a channel and perferming a correlation calculation
on a received signal and a base code sequence. That is, as shown
in FIG.4, the correlation value corresponding to cyclic shift
sequence (CS #2) appears at the position which is shifted by
cyclic shift width A from the position at which the correlation
20 wvalue corresponding te cyclic shift sequence (CS #1) appears.
By setting cyclic shift width A greater than delay time in a
multipath chanpel, it is possible to extract a correlation value in
the period (detection window) in which an incoming wave of the
desired wave exists.
.25 ]J0007] Here, as a method of tran‘smittihg a reference signal in

non-contiguous frequency transmission, two methods are possible.

First, in transmission method (a) in FIG.5, reference signals are



5obt ai ned subsequence to each cluster. [0008] On the other hand, in
transrmi ssion nmethod (b) in FIG 6, reference S|gnals are generated froma
plurality of code sequences. That is, transm ssion is perforned by
generating a plurality of code sequences corresponding to the bandw dth of
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band (herclnafter referred to as. cIuster”), and allocating the
2 obtained subscquence to cach clus‘ter.‘ | |
[0008] On the other hand, in transmission method (b) in FIG.6,
reference signals are generated from a plurality of code
sequences. That is, transmission is performe_d by gcnerating a

plurality of code sequences corresponding to the bandwidth of

10 each cluster, and allocating each code sequence to clusters.
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25 Summary of Invention
Technical Problem

[0010] However, the above-described method of transmitting a



[ 0010] However, the above-described nethod of transmtting a reference
signal in non-contiguous frequency transm ssion has the follaw ng probl em
[ 00111l n transm ssion nethod (a), conpared to transm ssion met hod (b),
a codi ng sequence (a correlation length) can be made 5 |longer. That is,
transm ?éF?&ﬂ?& e nSP)inhﬁ%n@’&oqﬂY%B%%efPJ LEAUGT 9 s U &I EREREE the
Specifically, 1n the case where a sequeﬁ%e i 7 used as 2 code Sequence,

when a I tth.is N, the cross-correl ati on val ue bet ween ZC ,
§89H§?f§%éﬁg%ﬂgﬁght at 1/ 1N. When sequence | ength N doubl es, the

sequences W ns
Cross-c llatiqn ,10 value.wll. 1/,12 tinmes, making it possible to
suppresgbpgtlzr-géll Itrl‘?‘r}%tstlanr]fSeSr1 rl%cemlég]{'/\%fi 33I)Uecf’8{/@e%rebc9 %%BFIpa[nogd?Lﬂﬁ-’i&ﬂever,
a);;has a p
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roble?hthat %guracy of, .channe] estimation
I
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€
transm ssi,on od .has a
et ort P BD LA’ thEBitife 8O B anran barmadon 1n
t he [freguency b 15 between clusters js signifjcant. As shown in FIG 7,
whort 1 ERELs ahRat: Pod AT SPySadbhs ate o fLEn) chEEThh Btvanians ol O
correlation value (that is, a dglay,profile).by performng, conpl ex
GO o1 oft SHCHTE ocnf S FaRE ancaP el bHaR 1T hat 17 s BBt stid B $Eonecting a
reference signal, received as ﬁérlurality of clusters 20 hack to, one code
sequencB®¢IBRHCE el FEntR SPQNA SPEPLPCE, Ve TeEytRNEY cd& i 5 Nnd by
perform ng | DFT processing on the result of division to convert into the
time dohlf (£1OAS -t REr PGt he D whahee MHEr i £ Si ghar &8 ¥bHNBEL €0M S BHtinnel
vari ati on begcones_nonconti nuous, and _interference occurs resulting from
this 28t rﬂdf{cé‘&nt i Whiany s ot &0 ¢ i ksirsde At o ¢ i Fehs bR € 26T A e cumpbrtign
clusters is greater, because the nunber of noncontinuous points increases
as [he nahpervbil ke ukivet d1me syrBxkdn g £LMGHe bl oHen sup@1 e spuider -eell

clusters is greater, a bandw dth per cluster becones
interféerence power value lower by 3dB. ‘

[0612] However, transmission method (a) has a problem that
accuracy of channel estimation deteriorates when the number of
clusters is large or channel variation in the frequency band
15 between ciusters is significant, As shown in FIG.7, when
transmission method (a) is .adopted, a base station obtains a
correlation value (that is, a delay profile) by performing complex
division on a received reference signal that is obtained by
connecting a reference signal rcceived as a plurality of clusters
20 back to one code sequence, and a reference signal repl‘i'ca, in the
frequency domain, and by performing IDFT processing on the
result of division to convert into the time domain. At the point
where reference signals are connected, channel variation becomes
noncontinuous, .and interference occurs resulting from this
25 noncontinuity. This Interference increases as the number of
clusters is greater, because the number of noncontinuous points

increases as the number of clusters is greater. Further, when the



narrower and a correlation |length becormes smal | er, decrea5|ng
|nterferencesuppreSS|oneffectsandfurtherlncreaS|ng interference effects. As
descri bed above, when interference 5 increases the accuracy of detecting.
a desired wave deteriorates and separation of a plurality of cyclic shift

sequences BECOMES o dike Hts [%roe%g%] Ko BRI 31 L0EC ABULRY. O

channel I tion as we he other transm ssi on neth d
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estimati on can be reven e even annel varla t Ween ¢ ers
is 5|gnrf . , ggen t ransm, Sssi gethod ét? i S

adopted Iﬁgéengfati%hpghf%ﬁhgla &6 F&ERL i oM Val 6 Sfay pro 935 fgby
erforntn onmpl ex diMi sion on ecei ved reference na 15 each
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performng | DFT proocessing on the resul.t of division to convert into the
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p0|nt of c¢hannel vari at in transm.ssion_neth g
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transm ssj Qn net.hod prohl em t hat, because a sequence | ength per
cl uster3 %fleatter étrﬁéhi)qﬂgigt hslet%fleﬁart% @bqrpa?rcecdlwctthtor ﬂgts'rg P

met hod ( é, |nterference suppression effects decrease and the accuracy of

channel 89 a50asi ¥k et eri orates. For exanple, when the nunber of

clusters is 2 and the bandw dths of the two clusters are e uaI the

i nterfel@hédl IeV@Pr|H“tr8h§ﬁ¥s§@8ﬂ'néFHBénPﬁFIPHCH88§%% 3dB) ghest 8P t han

the interference | evel in transm ssion nethod (a). [0015]It is therefore
an 1(9bj cedvaptage tﬁtraésémeqlwgmqlbrpft ghe accuracy of channel estimation

- can be prcvented even when channel varlatlon between clusters is
significant. Asrshow_n in FIG.8, when transmissiotl method (b) is
adopted, a base station obtains a correlation value (delay profile)
by performing complex division on a received rcfcrence signal of

15 each cluster and a reference signal replica, in the frequency
domain, and by performing IDFT prdcessing on the result of
divieion to convert into the time doma_in. In transmission method "
(b), because there is no noncontinuous point of channel variation
as is in transmission method (a), it is possible to prevent

20 interference from occurring.

[0014] However, transmission method (b) has a problem that,
because a sequence length per cluster (a correlation length) is
shorter, compared with transmission method (a), interference
supprcssiod cffects decrease and the accuracy of channel

25 estimation dcteriorates. For example, when the number of

clusters is 2 and the bandwidths of the two clusters are equal, the

interference level in transmission method (b) increases 3dB



provide a radio transm ssion apparatus and a reference signal transm ssion
met hod for inproving the accuracy of channel Sestimation. Solution to
Probl em [ 0016] One aspect of a radio transm ssion apparatus according to
the present invention enploys a configuration to have a radio

a nat ur o i o oo Gkt PERENE B HFRFL RIS I A E bR onea at

t ,
a natural nunber o greater h i oned at

ntervalmdr o eash ot e 08 Chg eGhign ohyl ERUeIeY. ihe separalus

conpri si a formation section poat rorhs the : | hased on
f [ f i 15 1ret - -Ln_which n sybseqguences are for :
?Rg ?ef r‘];dn‘le?esi%Lg?&lo‘ic;n&ﬁaﬁso%%“o"ﬁ‘e RRBATRUH: 4R uélng’ff%ﬁﬁacﬁvﬁéﬂﬁ‘taﬂ t'o('j -
tch i dt h bl ock,, apd a.second. fornati on nmethod, in which n co e’
ggqﬁengggggrggﬁg\g%?r%d Igse?ﬁﬁg retler é%"’s‘f'd‘r?al'qgﬁ R Usta Y 1%9ngERangeln

baseSCodeeS gqyences to mat ch each bandwi dth bl ock; '20and a switch section
t hat svm'téﬁes [®Ference si gnal formation nethods in the formation section
between the first formati on nethod and the second formati on nethod based
on a switch threshold value and the number of the bandwi dth bl ocks _

[ 0017] aspect oi) a.reference signal transm ssion nethod 25 according
to the Oelélﬁ?nitrﬂ/ AP Mnpl oys a configuration to have a reference

i i SS| hod of transmitting a reference signal using n (n
?Isggalqa:[hﬁgfé? > g? g?f)ggbrgﬁr%aliae‘%i)o tran%mission apparatgs according :

to the present invention employs a configuration to have a radio
10 transmission apparatus that transmits a reference signal using n (n
is a. natural number of 2 or greater) bandwidth blocks tilét are
positioned at intervals from each other in a difection of
frequency, the apparatus comprising: a formation section that
forms the reference signal based on one of a first formation
1> method, in which n subsequences are formed as the reference
signal by dividing one base code scquence -into a length to Platch
each bandwidth blo;k, and a second formation method, in Which n
code sequences are formed as the refercnce-signal by adjusting
lengths of n base code sequences to match cach bandwidth bloék;
20  and a switch section that switches reference signal formation
methods in the formation section between the first formation
method and the second formation method bésed on a Switch
threshold value and the number of the bandwidth blocks n.
[0017] One aspect of a reference signalk transmission method
25 according to the present invention employs a configuration to
have a reference signal transmission method of transmitting a

reference signal using n (n is a natural number of 2 or greater)



bandw dt h bl ocks that are positioned at intervals fromeach other in a_
direction of frequency, the nethod conprising steps of: formng the

ref erence signal based on one of a first formation nmethod, in which n
subsequences are formed as the reference 5 signal by dividing one base

code se Iy e h.to mat ch,each,bandw dt h bl ack, and.a second
fornatigﬁﬁﬂiﬁﬁggﬁq?ﬁnaﬁ?ghaﬁ %ﬁﬁéﬂ?%&ﬂ%%%gsg%ﬁﬁ%?B% dgégﬂkﬁécpePéﬁgﬁce
si gnal adj usti | engt hs of n base, ,code s nces tq match each
bandwi d?ﬁ‘ bt oéc"kf;“aq%a“sw cfrs{ier‘ﬂdler“e%’r et E%eéﬁg’f‘lief OF MRS FethoRS ©Of a )
fOrnatignr 10 section between thezfi;st.fornatron: ‘thog and_t he second S
for mati 68 THECHod Waddd CoR15 s i 8RRl t hreeHord WAL B tHE nlbBAT N the
bandwi dt h alo§ks.n. Advgntageogs Effects- of Invention 15[ 0018] According to
the pred®hti9fveHt i BRIch 1 SSHRECABEBCES Brovii@amed adf o thPansfif 521 o0

appar at us ang a reference sigpal transm ssion nethod for inproving the
accut acy*BRAEHRR ALY 18dpienfficoR2S90RP fl&f S PREERFHL 1B & [DREKI Ngs M abtaly)
FIG 1 sho gontigu'g;_fregfqui transm ssion; FIG 2 shows non-contiguous
f r equen&y Sty BAGHYS bleck, ang o cepad & ospiatd o8emrdAoss: ip5FhEl Bhows
correlati on val ues corresponding to cyclic shift sequences; FIG5 shows

r ef er en€89Ei §RAU G ATSsifOf hed hatl fhg Tefersasccongngliobs Rdéyating

transm ssi on;
lengths of n base code sequences to match each bandwidth block;

and switching reference signal formation methods in a formation
10 section between the first formation method and the second
formation method based on a switch threshold value and the

number of the bandwidth blocks n.

Advantageous Effects of Invention

15 [0018] According to the present invention, it is bossible'to
pxovide a radio transmission apparatus and a reference signal
transmission method for improving the accuracyr of -channcl

estimation.

20 Brief Description of Drawings
[0019]
FIG.1 shows contiguous frequency transmission;
FIG.2 shows non-contiguous frequency transmissioﬁ;
FIG.3 shows cyclic shift sequences;
25 FIG.4 shows correlation values corresponding to cyclic
shift sequences;

FIG.5 shows reference signal transmission method (a) in



FI G 6 shows reference signal transm ssion nethod (b) in non-contiguous
frequency transm ssi on; FIG 7 shows a problemin reference
signal transm ssion 5nethod (a); FI G 8 shows a problemin reference
signal transm ssion nethod (b); FIG9 is a block diagram show ng a

confi gur.at a terpna according to .Enbodi nent 1 of the present
i B)Iﬂqégw %Lf%%ﬁydtlrgé‘rgg?ﬂsssﬁ&ﬂ 'ng ‘a configuration of a base’

i nventi on:
station accor to Errbodl of the present jnvention; FIG 11
is a block di i:ld rﬁ SHRW RgT %B?ﬁ?%u?bg?%ﬁ Y ISR H 28 &R € B P ofm
section in FIL.G G:12 shows .a rel ationship between he first
referen(?é’nlﬁ’émgtr’lﬁf"oflér%Q‘b‘?‘f’%ttﬁé‘ﬂi‘sﬂl’&sﬂﬁé‘ second reference signal
- formation mat%%[ dlngto Enbodi ment 1; ' FIG . 13 shows switch = - -
. control betwe ﬁ 9‘%’?’ raefleFfeWc“é“sﬂé‘na‘IefteéF#ﬁtel S ehed hoi B 6/ B econd

reference for mati on net hod accordi ng to Enbodi nent 1; 20FI G 14
.sho a&ﬁ‘%@l‘h‘gﬁﬁ Jof threshol d val ues used to switch reference si gnal -

forrratlon rrethos ) . I
.8 shows a problem in reference signal transmission

method (\b);

FIG.9 is a block diagram showing a configuration of a
terminal according to Embodiment 1 of the préscnt invention;

10 F1G.10 is a block diagram showing a con;figurat.ion of a
base st_ationﬁ;{ccor”ding to Embodiment 1 of the present invention;
| FIG.11 is a block diagram showing a configuration of the
channel estimation section in FIG.10;

FIG.12 shows a relationship between the first reference

15 signal forrﬁation method amd the second reference signal
formation method according to Embodiment 1;

F1G.13 shows switch control betweeﬁ the first reference
signal formation method and the second reference signal
formation method according to Embodiment 1; |

20 FI1G.14 shows adjustment of threshold values used to switch
reference signal formation methods;
lFIG.lS shows switch control between the first reference
signal formation method and the second reference signal
formation method according. to Embodiment 1;
25 FIG.16 shows an embodiment when applied to LTE-
Advanced;

FIG.17 shows a relationship between the first reference



FIG 15 shows switch control between the first reference signal formation
met hod and the second reference signal formation method according._to
Enbodi nent 1; 25FI G 16 shows an enbodi nent when applied to LTE- Advanced;
FIG 17 shows a relationship between the first reference signal formation

met hod and_the second. reference sign f.ormation t hod according to
Enbodi nﬁﬁgnﬁr Permagqufeli@t ﬂgws%ﬁtc ecor‘lgtercd’lﬂget ERCPHE fF?%]E‘&I
reference signal formation nmethod and the second_reference signal

5 or et FBATHAERBC R DOy R GOT Y EarSaCHBRD S G2 FIG 19 Shows

- adj ust nent of r eshol.d val ues, used to. switch reference, signal formation
met hods.’ DescFltI%tf@n %}fmﬁﬁb&&‘ﬁﬁﬁt LOmTEF 2 PN € enbibdi FEAf sTeferanee
present inve ti%rllﬁwilj- be desgr’ibed in detail with reference to the . -
acconpafiyEhy' driffmasioq 002 £t e Enbadidrerdtel) SEeord gucderencer Teemthal
FI G iz a bl ock di agram showi ng-a configuration of 15 term nal 100

accat di AT PGt ENBORiICHBRE 2cePTeHES doekanb Oidaingiti dn.a0th FIG 9, terninal 100
is provided with RFE reception section 101, denodul ati on section 102,

decodi ng sect Fbf - 1§35 hpato@dd s gsing nfb rth rieshed fay # Bre s aseidn§o sekiticdn 104,

t hreshol d_val ue setting section 105, reference signal control section 106,
reference signal Tormation methods.

Description of Embodiments
10 [0020] Now, embodiments of .the present invention will be
described 1n détail with reference '?to_ _f“he aCcompz;nying drawings. :
[0021] (Embodiment 1)
[Configuration of Terminalj
'FIG.9 is a block diagram showing a configuration of
15 terminal 100 according to Embodiment 1 of the present invention.
In FIG.9, terminal 100 is provided with RF rerception section 101,
demodulation section 102, decoding section 103, resource
assignment information setting section 104, threshold value
setting' section 10.5, reference signal control secfion 106,
20 reference signal generation section 107, encoding section 108,
modulation section 109,.fast Fourier transform (FFT) section 110,
mapping section 111, inverse fast Fourier transform (IFFT)
section 112, and RF transmission section 113.
[0022] RF rreception section 101 performs reception processing
25 such as down-conversion and A/D conversion on a signal received
via an antenna, and outputs the signal on which reception

processing is performed to demodulation section 102.



20 reference signal generation section 107, encoding section 108,- ‘
nodul ati on section 109, fast Fourier transform_FFT) section 110, mapping
section 111, inverse fast Fourier transform (I FFT) section 112, and RF
transm ssion section 113. [0022] RF reception section 101 perforns

ti [ 2 h down- [ d AD .S
G onal ADOBICG i B mo AnTERE AHF G0put L)1 nePer BheR Son Sl LHEALIIDL 1 on

processing is performed, to denodul ati on section. 102, [ 0023] Denodul at i on
ot on 2035 Pk e do dLi o d B4t GREGCF e Mo Bo tbAUFLERBh B G ng. on
~ the signal -received fromRF recepiiﬂn segtion 101; -and out puts the '
~ processéHOH ghhl F T RIEOSMISESIERR  Bh 198d SpbRYly tBEcBdPLGSsEE: SRR ab3

performs decoding processing on the signal received from denodul ation
sectiontﬁoée%ﬁﬁl%&ﬂﬁéﬁﬂ%nr%géption data and control information.

[ 0025] Encodi ng section 108 encodes transm ssion data and out puts the

obt al ned08rddded sapding ApatioR | bh3 seéstfornsod.ccory nenary)c Midilgatdfon
section 109 npodul ates the encoded data received from encodi ng section 108
and out pliessigeahogwedved drgiml demorhuiadéeni sacting J0P27pHFFxdEaeion 110
perfornms FFT processing on the modul at ed signal received from

nmodul at FefcBE@ T ¢ t2090 &g n8@Ut Putos T Akl Wbt ai ned signal to mappi ng
section 111. [0028] Mapping section 111 maps a data signal received from
FFT secl?8R5110 Engodlingf esepidensi jR8l arneped vedtfamymisserendetsi gmal
generation section 107 to a frequency domai n resource according to a
frequeneyptnsts gheenbtainfod reand ade ¢ aladtiavbel thpdmiation section 109.

10 [0026] Modulation section 109 modulates the encoded data
received from cnzoding section 108 and outputs the md-dulat_ed
signal to FFT section 110.

[0027]. FFT section 110 performs FFT processing on the
modulated signal received from modulation section 109 and

15 outputs the obtained signal to mapping section 111.

[0028] Mapping Secti-on 111 maps a data signal received from
FFT section 110 and a -réfcrcnce signal received from reference
signal generation section 107 to a frequency domain resource
according to a frequency assignment information received from

20 resource assignment informafion setting section 104, and outputs
the obtained signal to IFFT section 112.

[0029] Threshold wvalue setting sectio‘n 105 adjusts a switch
threshold wvalue 1in reference signal control section 106.
Threshold value settiﬁg section 105 receives information about

25 clusters from resource assignment information setting section 104

and adjusts a switch threshold value in reference signal control

section 106 based on a frequency interval between clusters.
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20r esource assignnment information setting section 104, and outputs. the
obtained signal to | FFT section 112. [0029] Threshol d val ue setting section:
105 adjusts a switch threshol dval uei n referencesignal control secti onl106.
Threshol d val ue setting section 105 receives information about 25

cl ust e1 pof I T eSOREFer ARSL INURAhaL N QLIATHPN SEEHGW STRY oy d Rd

adj usts-a res d valueé in reference signal control section 106

based ofy @ FREBMENGH b QYR PEINREN FLUSIRIS assignment information

[ 0030] Ref erencesi gna controlsect|0n1 6recei ves i nformation about clusters

[ om r CSRHIRS Seclignapl | 0RIALLOR RN bG SPGHIOR.ARd. SRR ER Wi ch

one of cl'usters an the swtch ue is small r

gr eat Cry nﬂi tga 1%9110 re%htor]% (f%%ﬁ'gtlsogmahf P%@g%&?& g&ﬁerbrys%%soﬁ

met hod o fornlng a rererence signal erenc geheration

sectlon 107 feren e 5| nal ntro ion 106 h f r.enc
Si gnal % ?nraetlﬁﬁ ?rgt bds” pargg?ehcé(la §“1 alTegeaner?t{v%lé(rgli E’Zc :301?;1 % %
identificatjon i rmati on o deter ned ref renc

|
o e bRt LR O e TeTRR R g%we%%‘t.%ﬁn%% 5 esHon P

1 r .
[003 ]RES lélrgr?cgsgi nanco}l?lfornsaetét?gnselt(}é Ngw3 c(::ltulaso rePerence signal

formation methods in reference signal generation section 107 b.y
outputting identification information of the detei‘mined reference
10 signal formation method to reference signal generation section
107.
[0031] Resource assigﬁment information setting section 104
outputs freqﬁcncy assignment information about a reference signal
and a data signal, including the number of clusters, a frequency
15 position and a bandwidth of each cluster, to threshold wvalue
setting sec-tion 105, reference signal control section 106, and
mapping sectionr 111. -Contcnts of ‘resource assignment
information are reported from base station 200 (described later)
to terminal 100, and are input to resource assignment information
20 setting section 104 via RF reception section 101, demodulation
section 102, and decoding section 103.
[0032] Reference signal generation section 107 generates a
reference signal based on a reference signal formation method
indicat.ed by identification information received from reference
25 signai control section 106, and outputs the reference signal to
mapping section 111. As methods of forming a reference signal,

as described above, there are a first formation method

e 12



out puts frequency assi gnnent information about a -reference signal and a
data signal, including the nunber of clusters, a frequency 15 position
and a bandwi dth of each cluster, to threshold value setting section 105,
reference signal control section 106, and mappi hg section 111. Contents of

resours:e(tmmg Y | keh Rt i(a%gri% rvs-ﬂp_éﬁe@'u{,£—§@gﬁr§@s%3m§%§gg%m

(described later) to term nal and are 1npu esource

i nf or mat;i,o Osetti ct.i 4 via RFE receptiqn tion 101

denodul gltoi glr}%szlgltn}gﬁglég, Ezlglfr?igt'eclil(egcoacf]iﬁngfl%sreﬂ(;:glgoﬁE 183&?65%%??@%%%@& gnal
enerati : i Qn..1Q7 .gener.at e ference signal sed on_a reference -
gi gnal fd(:)irgﬁgﬁ}%ngﬂgt %gggi %g]i(géatsze' %/EF e? f itélaqgﬂgﬁgqﬁlf anﬁ??@%r%@éﬁved |
fromref e Si I trol,.section 1 and outputs the reference
si gnal tcg(lgrg%ﬁi %ﬁgsaecslgi%(;%r{”g% TIEU g H’ocalrsiloo‘f%f)arlh?ﬂés%foor%f“é?ﬂh‘&g (fsqe) nal ,
as descr.i bed ahove, there are a first formation, nmethod transm ssi gn

net h%d (13)3%&1'% V\ﬁéll%eh gﬁagecflfegr}lcee%c%sor?‘%Erp%srfb(?'h‘é)“’t% f%e”hémﬂé‘rm'g]?r cPlsters
are forned as a ref rence si_gnal P%[ di vi di_ng] gng b?rae code ieque ce into
the 1 endt hs [ st Enf Bk do s for e Tt SF Sdedad Por Afd P ot tded RAGThS of
(transm _ssi on t hod (elé)%c) 5 in which base cgde squencef correspondi ng
to the &ﬁ‘SeFOg‘I‘% ELALCHNE Sar P T ESRIF HL & [0t BEAYEBFENAF BiMHET8st? ng

| engt hs of hase OdF sequences corresponding to the nunber of clusters to
mat ch efth< ﬁéfér? ustelno33] - | FFT section 112 performs | FFT processing on

ST SR L e R R A S
10 received from mapping sectiom 111 and outputs the obtained
signal to RF transmission section 113.
[0034] RY transmission Section‘r 113 performs transmission
processing such as D/A conversion, up-conversion, | and
amplification on the signal received from IFFT section 112, and
15 transmits the obtained signal by aif to base station 200 via an
antenna.
[0035] [Configuration of Base Station]
FIG.lO is a block diagram showing a configuration of base
station 200 according to Embodiment 1 of the present invention.
20 In FIG.10, base station 200 is provided with RF reception scction
201, discrete Fourier transform (DFT) section 202, demapping
section 203, resource assignment information setting section 204,
threshold value setting section 205, channel estimation control
section 206, channel estimation se_ction. 207, frequency domain
2% equalization section 208, IFF’T-secti()n 209, demodulation section
210, and decoding section 211.

[0036] RF reception section 201 performs reception proce-ssing

13 -



[ 0034] RF transm ssion section 113 perforns transn ssion processing
suchasD/ A conver si on, up-conversi on, and anplification on the signal

recei ved from | FFT section 112, and 15transmits the obtained signal by air
to base station 200 via an antenna. [0035][ Configuration of Base Station]

FI G 10 i blLogk. di agr i ng .a.cqufiqurati.on of base station. 20 ,
accor di rﬁglctq!oggé ?fﬁg%tn%@%?-gyhgggr ntcch‘(/eé?ﬁliodh.on QOSIIgPEF]?éeCib‘{e‘gase
station O.is._provided wi,t h RE reception.section. 201, di te Fourier -
t r ansf orvgmg( BbT)aBstggfliaOnaﬂSZP%Br‘f‘éﬁpfﬁ& 8@6?]%‘?1‘5 2ﬁ1§nag]e§8uf'§€%a§§icé‘rﬁﬁént |
i nf or mat,i setting section 204, threshold value setting section 205,
channel “est’i mati on control section 206, channel estimation section 207,

frequen [ equal j zat | .section 2 | FFT section 209, .

denodul Q‘Pgﬁ seg‘?fingﬁib{o‘br%f?geﬁf)&%%rg'%e&%gnpm‘ieim]oPﬁhﬁeééﬁﬂﬁbn
sectd on_201. perf rmsa#%cegti on, processi ng_ such as down-conversion and A/'D
conver sf BR°bh® OFhal Fr EEEPREL Xi £ i o8n2édnde anBveat puttsmiend ogme Bl ned

signal to DFT ssection 202. [0037] DFT section 202 perforns DFT processing.
on the SIghal indlepydgeiPEmeRr d&RaAn shs8atti ochhonl PF Eossetivna 203e
domai n si ﬂnal ipto a frequency daonain signal. Then, DFT section 202

out put sOPHRUES d§GeHE HohaY i @MgHal s tan dbhaphs @ Podars sacLom 203.

0038 ing section 203 extracts a data signal and
[ ]Dﬁ;rgggﬁ gDemapp’ing sectiecn 203 extractgs a data signal and a

reference signal from the frequency domain signal received from
10 DFT section 202 according to the frequency assignment
information Lfec’:eived from resource aésignment‘ information
setfing section 204. The‘n,idemapping section 203 outputs the
extracted data sigmal to frequency domain equalization section
208 and outputs the reference signél to channel estimation section
15 207.
[0039] Resource assignment iﬁformation setting section 204
outputs a frequency assignment information that is allocated to
terminal- 100-, including the number of clusters, a frequency
position and a bandwidth of cach cluster, to threshold value
20 setting section 205, channel estimation control section 206, and
demappiﬂg section 203. In this regard, contents of resource
assigninent information are reported from base station 200 to
terminal 100 in advance.
[0040] Threshold value setting section 205 adjusts a switch
25  threshold wvalue in channel estimation control section 206.
Threshold value setting section 205 receives information about

clusters from resource assignment information setting section

14



reference signal fromthe frequency domain signal received from10 DFT
section 202 according to the frequency assignment information received
fromresource assignnent information setting section 204. Then, denapping

section 203 outputs the extracted data signal to frequency domain
nal to channel

i ' ' 0 d tputs th ference si
ot mat o oa BB Pl sGo I e Dotk Raed st R IR © i PEAISHN ng

i 0 tputs. a f ' t information that .ig allocate
to termcadit8hoStiRithiarhl R sfnBar oF CoitGEaBFaC A MHsduehc OGE on
and a ba2€¥%dth of each cluster, to threshold val ue 20setti ng section 205,

channel © Sf&ti on control section 206, and demappi ng section 203.In this

regard, nts resource.assi.gnment information are reported from base
stgtion[éggajo-téfﬂ?ﬂﬁF 16@tFﬁ“§683nc%9nfUDMOP?%F%@hoP&“?aﬁ&@t§BF§iﬁg
section 205 adjusts a .switch 25threshold value in channel estinmation
cont¥ ol © éBflingne%'Gé‘?afFﬁﬁ’eé‘h‘b‘illﬁ‘iall%éhsaélli?]nﬁsé%ﬁF’cﬂﬂ Zextiggepfdsto a

infornatLon a?out clusters fromresource assignment information setting
sectionthannel estimation method corresponding to the reference signal

transmission method in terminal 100. That is, channel estimation
control section 206 feceives -information about clusters from
resource assignment information sectting section 204, compares
10 which one of the number of clusters and a switch threshold value
is srﬂallér or greater, and, based on the result of the comparison,
determines a channel estimation method in channel estimation
section 207. Channel ¢stimation control section 206 switches
channel estimation methods in channel estimation section 207 by
15 outputting identification information of the determined channel
-estimation method to channel estimation section 207.
[0042] Channel estimation section 207 performs channe]
estimation using the channel estimation method indicated by
identification information received from channel estimz_ition
20 control section 206, and outputs the result of channel estimation
to fréquency domain equalization section 208. A configuration
of channel estimation section 207 will be described in detail
Iafer.
[0043] Frequency domain equalization section 208 performs
25 equalization processing on the data signal received from
demapping section 203 using the channel estimation result (i.c. a

channel frequency response) received from channel estimation

15



204, and adjusts the switch threshold value in channel estimation control
section 206 based on the frequency interval between clusters.

[ 0041] Channel estimation control section 206 switches a 5 channel
estimation nmethod in channel estimation section 207 to a channel

estimatQp {1l h@é??% ' %%‘%’gg'k?g}&gﬁghedcfﬁfa%?Eg%.aﬂ;%‘&'ont gﬁ%’l:zglgﬁsb%%

met hod 1 n term nal nnel esti tion contr i on 206

recel ves Lo ! o0 BHOHE & 8134 AR SARUR B ATHIIRTRYL T ot i on

setting settion are one o he” nunber of ¢ ers and

a switc r.esh al ue.i | er_or_qr , —and, based on ., he,result

ot he DabAUIo NI FF KA LG LY ST e it SNEE: p B s DRSS R A C g

estinmation spction %%7 Channel estimation-.control tion 206 smﬁb es
A ! 2

: .se
channel ° &8t { et 0 HoaL | I ety QoM Aty icot LAZF IR JFFtagn
150yt putti.ng identificatjon ipformation . of the determ ned c nel
oot trac PBA et REE thechblime LsteRal i6ha8medoH 505 StB5%a) dithne:
esti mat | ction, 207 perfornms channel estjimatiop using  the channel
osti mat | SH4Rdt hod "rfBi"éé‘tEiéa“b’gf i feRtion caﬁ@n PRFGI TS| off SPBREPLH O om
channel estimation 20 control sectiqgn 506 and fghputs t.he re glt of
channel PEREFHit NP0 Hifedidhd) d&m& K cdquari al sEcEhiom ) And
configuration og channel stinaiion section 207 will be described in
detai| PHIRP!S 18649 Fﬁ%ﬁﬂﬁﬁé%na Qi Ae88ddriez 88598 1sédtli-on 208 performs 25
equal i zat i processing on the data signal received from demappi ng section
203 usiﬁiﬁgﬁé cRAEfRA 1est $Helirdn 4ekuPETi91IBS decRdingl PEOSGEERBE on '
reﬁﬁonse) recei ved from channel estination section 207. Then, frequency
dorrdli n BMfuatigsli dfcserefohr oms druppdid at Hen ¢ w&chio nof2 dhuand A v ts
processing to | FFT sectiaon 209. [0044] |FFT section 209 perforns |FFT
pr ocessiitg odriagRedgeg ee Biigiadatacei ved fromfrequency domain equalization

section 208 5and out puts the obtained signal to denodul ati on section 210.
047] FIG.11 is a block diagram showing a configuration of

channel estimation section 207. In FIG.11, channel e¢stimation
section 207 is provided with switching switch 220, estimation
15 processing section 230, and estimation processing section 240.
10048] Switching switch 220 redirects the output of the
reference signal received from demapping section 203 to
estimation processing section 230 or estimation processing
section 240 based on identification information received from
20 channel estimation control section 2{}6‘.
[0049] Estimation processing section 230 performs a first
channel estimation method corresponding to the first reference
signal formation method. Estimation processing section 230 is
provided'with cluster combination section 231, division section
23 232, 1IFFT section 233, mask processing section 234, and DFT
section 235.

[0050] Cluster combination section 231 connects, in a frequency
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[ 0045] Denvodul ation secti-on 210 perfornms denodul ati on processing on the
‘signal received from|FFT section 209 and outputs the obtained signal to
decodi ng section 211. [ 0046] Decodi ng section 211 perfornms decodi ng
processi ng on 10t he signal received from denodul ati on section 210, and

tputs t ai d tJ dat a. 047]. F1 G 11 i bl k dic
Shoni ng AP aRFT A PETDREERL BRnREE A sterethd L a0 G toh e oG b e RAT
chapneljes inatiog g@ﬁtion 207 .is gragided m@t smﬁtching smﬁtcg éfo,
esti mat i Bn 5B BRest My 428t PBAPBED, T dr stivifidh i*5if °pF BEES S BB ety on
240. [00 .Swi,t chi.ng. switch 220 i ts th tput of th f
signa{ Pi&é?%gg @%gﬂ?ﬂ%ﬁébg?ﬁ&“?béﬁﬁ%aegog toeeggig;tign prgcggssggnce

section r timation processjing section 240 based on identification
i nf or mal[ﬁag e cdTVET#R o SHEHAASP  BErT ARFIS015 OCBRI $51 I LBk 0gn peLhe

[ 0049] Esti nmati on processi ng section 230 perforns a_first channel

est i frat FBACHEE hod *d6F FREPontigldlt 0T ¢hel ¥4 ¢ stiTPEF eCdHEEC K| GRANDEBHA ST on
met hod. Esti mation processing section 230 is provided with cluster

conbi naﬁF‘éthslbc?t?{]]oerﬁ thicvr sf ore Reet §idh s p8pliqarkT- SedhE ore B33 n Grask
processi ng section 234, and DFT section 235, [0050] Cl uster conbi nation
sectionS%ﬁakoﬁﬁé‘@t‘%{“?ﬁ §T?F’eqlﬁefﬁ%i/ﬂal 100). ° Then, division section

232 outputs the result of division (i.e. a correlation value) to
IFFT section 233.

10 [0052] IFFTrsection 233 performs IFFT processing on the signal
reccikved. f‘;ém‘divi's"ibfn section 232, an-cl:l outputs the obtéinea'
signal to mask processing section 234,

[0053] Mask processing section 234, as an extraction means of a
requested desired wave, extracts a correlation value at a period (a

15 detection window) in which a correlation value of the desired
cyclic shift sequence by performing mask processing on the signal
received from IFFT section 233, which is equivalent to a delay
profile, based on an amount of cyclic shift used in terminal 100.
Then, mask processing section 234 outputs the exiracted

20  correlation value to D‘FT section 233,

[0054] DFT section 235 performs DFT processing on the
correlation value input from mask processing section 234 and
outputs the obtained signal to frequency domain equalization
section 208. This signal output from DFT section 235 is a

25 channel estimation value in which channel variation (i.e. a

channel frequency response) is estimated. |

[0055] Estimation processing section 240 performs a second
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domain, a plurality of clusters used to transmt a reference signal in
“termnal 100,_and outputs the received reference signal thus obtained to
di vi sion section 232. [0051] Division section 232 perforns conpl ex
division on the 5 received reference signal received fromcluster

conbi na&hggn%?c%gtqglazt%nu?%%q}gﬁwc reffeesrpﬁdgf ifg%%fba%;ﬁéegééﬁﬁ‘d('}e?eretﬁee

ref erence Signal transmt romterm én, diVvision section
232 out puts resul t of djvi,sio i.e..a correlatio t FFT
oo L orSibEat Mttt Bhethithe] ORshlnSeifp BrRBLALLAE YALUGR LA FIT
signal recei e& frtn1 i Vision ﬁecgion 232r an%4 utputs he btainep si gnal
to naskpb?gbi% i WY SEPSERT 239 TALOHER S VYR Throce 84 h §SSHR AT OR” 2%% " Gs an
extracti opn neans of a .requeste esired .wave, extracts. a cor,rel.ation val ue
o R DA 1o ol e nB S iy PR S SR SR SRR e
desired._cyclic. shift sequence b erform sk procgessi ng,on.the signa
r ocdi vel STHBATIFEY duct £ BRI Ot CHUIAD oA vaI R VALE & Hahag pHoen o
based on an amunt clic.shift used in term nal 100. The sk
pr ocess? HigH9&ct A gﬁic%mwnt & 4exThask ot OSECOAPE] SEFUO N A4 P DET
section_235. [0054] DFT section 235 pérforns DFT processing on the

corr el aPifoh s¢&ti@nifipit from mask processing section 234 and outputs the

obt ai ned signal to frequency domai n equalization section 208. This signal
out put FORAPDFT Sduston sFdTReti@mserahi? et matitBN tyaldeh nOdhi

channel variation (i.e. a : . ) .
number of clusters n used to transmit a recference signal in

10 terminal 100 to estimation value calculation sections 242-1 to .
Estimation valuﬁéﬁ’é?;l‘vculatfon séction .242 performs the same
proccséing as performed in division section 232, IFFT section
233, mask processing section 234, and DFT section 235.

[0057] [Operation of Terminal] | |

15 Terminal 100 having the above configuration will be
described below.

[0058] As described -above, in terminal 100, reference signal
control section 106 switches reference signal formation methods
by controlling reference signal generation section 107.

20 [0059] The above-described first reference signal formation
method (transmission method {a)) and second reference signal
formation method (transmission method (b)) have the relationship
shown in FIG.12. That is, the accuracy of channel estimation is
constant regardless of the number of clusters when the second

25 reference signal formation methodris used. On the other hand,

the accuracy of channel estimation ténds to lower as the number

of clusters increases when the first reference signal formation
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channel
section

frequency response) is estimated. [0055] Estimati on processing

240 perforns a second channel estimtion nmethod corresponding to

t he second reference signal formation nethod. Estimation processing

sectiou 240 is provided with cluster extraction section 241 aﬂd Fstination
ctio 42-1 to_n which correspond to each cluster.
41 otThé fﬁg frobisAvsiteRs S¥ct i on
45, ~and, DFT section 246.

val ue cajephahi o0

Esti mati on val ue céf

ed. refogre 1
cul at1 on' sectirol

4 E°hiVi dadn

L0056 Gerd el raet o Tt 6FTBREY Cul iR A el sei Bokio pubban ofirs

esti mat
cal cul a
divisio
DFT sec
above c

' [ | in 10term nal 100 to
cluster§c@eysed to.trang%t a referenigﬁglgn [

i'Snevalt& &APRat at9'gRatedt i B 4n otT%t?ﬁﬁPF%%Yvafuéhaﬂﬁﬁl
tion s?ction 242 perfor t he sane processi'ng as performed in
FQUpaTion 295 (Repsecantl ont

SRFegE

term nal , 100, reference signal control section 106 switches reference

si gnal FBFna?PBHnﬁétHHHéHHVIEBntVBFFPngﬂfef%H%nééﬂﬁignafeggnérawﬁgnal
107. 20%0059 The above-described first reference signal formation
0

section

[0

15

20

25

formati method exceeds the channel estimation valune of the
second reference signal formation method, while, ini/ersely, when
the nﬁmber of clusters is greater than N, the channel estimation
value of the second reference signal formation method exceeds the

channel estimation value of the first reference sighal formation

method.

[0060] Therefore, by using the number of clusters of a point at -

which the accuracy of channel estimation of the first reference
signal formation method and the accuracy of channel estimation
of the second reference signal formation method are reversed as a
switch threshold wvalue, it is possible to select a more
advantageous reference signal formation method with respect to
the accuracy of channel estimation according to the number of
clusters. By performing this kind of switch control of reference
signal formation methods, base ~station 200 can obtain the
accuracy of channel estimation shown with the solid line in
F1G.13.

[0061] Further, as shown in FIG.14, the accuracy of channel
estimation of the first reference signal formation method depends
on the frequency interval between clusters. That is, the accuracy

curve of channel estimation shifts upward as the frequency

19

BN CHrp8 kB It o dOIFR By OFecrebhodaare and

tion 235. 57 eration of Term nal] 15Term nal 100 havi ng the
I ?iu gﬁ%\ﬁit}Fsgg&fbf’e%ctﬁ%é'dns&edwf[@bsﬁ]m ted€robednabeve, in
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met hod (transm ssion nethod (a)) and second reference signal formation
nmet hod (transm ssion nethod (b)) have the relationship shown in FIG 12. o
That is, the accuracy of channel estimation is constant regardl ess of the

nunber of clusters when the second 25 reference signal fornmation nethod

S used.l.Ijl r‘t[hﬁng)t her hand t{1e accuracy of channel estimation tends to

| oner as "tREY ALnBEE VS| GLPRTE S Nk eBEEEOWSEn t hEheTpEP TS of Bikaicetlr gnal
formatign method .is used. Therefore, with a certain nunber of clusters N
bei ng a tfﬁﬂBSﬁ‘&le,mtS‘ﬁé"a UGBt Ci‘ﬁ%?ﬁfél dn S&t-i sheoPotiRe 2§ rhich

r ef erengg signal formation nethod and the accuracy of channel estinmation
of the $8EoAGPERENede CoagAl £S5t HaRt BN nef hble afigst srefeusmesd sighal i s,
when t he nunber of cl us‘iers is Nor smaller, the channel estimation value
of the fPFTALEAcEHI & YRl thor#ee? B3C e hoth exeebdss tikatéhanndl the
estié’rati on value_of the second reference signal formation nmethod, while,

i nvet selfy CORKeRC fHke Megrisdenat farare ion inze gredtae tonerhed tleocttsifnel
estimatigon 10 val ue of the second reference signal formation nethod
exceeds[BﬂézdhanTﬂéFf‘“e%Qli%tbiWW udrehhold hialee rsefttimemncee siignall 05
formati on nethod. [0060] Therefore, by using the nunber of clusters of a
poi nt afdiBFth eheswE@l athreshelhnmalluestimareferafcd heignakt coaftes Ence
15 signal formation nethod and the accuracy of channel estinmation of the
second PefEahdd Gibgrsgld par tae i fore quetthayd iater v el éreseck eas cduswiisghit is

threshold value, it is possible to select a nore advantageous reference
si gnal Pes#FHlohonee hoth ikilyhs ¢ kspeatr dfe rehe castgm alc Yo ofn ashanngle t ke ki, mat i on
according to the nunber of 20 clusters. By performng this kind of switch
cortl ol [@9 62 df erBhee adiagrald dsmmihtidors wistchodso n basle f ai i oru P08 i i robt ai n
the accuracy of- channel estinmation shown with the solid line in FIG 13.
[ 0061] Furetherd iastehownal nl (0 Gs $4mmheiaeduimcyl Gf 1 8hanmakt 2Heskibmgt i on
of the first reference signal formation nmethod depends on the frequency
i nt er vathbefrgepre nt ysteregvilatisi ¥, dhegaooiracii ICUsY & sefd dannalwitch
estimation shifts upward as the frequency interval between clusters is
nar r owethrEsdrodfdoreal ushemtdetransmission method (a) and transmission
method (b) are switched based on which one of this threshold
15  value and the number of clusters is smaller or greater. On the
other hand, when the frequency interval is smaller than Y, N2 is
usecd as a switch threshold value.
[0064]  As described above, according to the present
embodiment, in terminal 100 that transmits a reference signal
20 using n (n is a natural number of 2 or greater) band blocks (here,
equivalent to clusters) which are positioned at intervals from each
other in a direction of frequency, reference signal control section
106 switches the reference signal formation methods in reference
signal generation section 107 between the first formation method
25 and the s;:cond formation method, based on the number of band

blocks n.

- [0065] By this means, it is possible to select a more
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frequency interval between clusters changes, the point at which the

accuracy of channel estimation of the first reference signal formation

met hod and the accuracy of channel estimation of the 5second reference

signal formation nethod are reversed also shifts. [0062] Therefore,

becauseatdq; enstgol d vSaIru% sgtti n .sgcéi]g[an 105. adj usig g SW éch t hreshol d

val ue i A rerer&icd SsifGhal 86kt ro¥ eectlh2 8@ JBELRO6n THE FFERAERCP

i nterval (between clusters, it,is possible to, accurately select., a reference

signal FBErALTER P Pod 4 be] TSP “HER atdl- a8str et S0F (M Sedrt Fol of

a transm ssi E method in teﬂm' nal 100 iz surrmarized_i n FI G 15. That is,

when' t he SFPEBLE A8y FRERF §al b & o WA @R chaTRE! (&5 1iRAAIAR: a swi t ch

t hreshol d val ue, and transm ssi.on od (a) .and transm ssi.on nethod (b)

are swi t[aﬂé%]bagéﬁt ﬁrmﬁincﬁeé}?éné‘flmfhgs thes8Rdda v alseyas Udngnse eH® munber

of clusters is smaller or greater. On the other hand, when the frequency
1358 T5p itgiagléalﬂia

i nt e} val ster thhapwy svalsq beredhodsHdied fygayency
[ 0064] Asdescri bedabove, accordi ng t ot he present enbodi nent, in term nal 100
that traheiivd BerepepehaBdsPgpaks- 20 using n (n is a natural nunber of 2
or greater) band bl ocks (here, equivalent to clusters) which are
posi ti oh@B04d i nB&r V&I fREADEacht otheP OB Hitd edi fecaFonT afelyr etplewdy a
reference_signal contro|l section 106 switches the reference signal
f or mat i bpf GFetHd$iBRal efermad 08 Grdhogenendt i oh saesivdh abrhbet vigers t he
first formation nmethod 25and the second formation nethod, based on the
nunber BPSBHNE be dakshar impesyByththiaschsany, of tclianpoksisbimativmel ect a
nmore advant ageous reference signal formation nethod with respect to the
acdlr ac{PO8thanhekilest,i nat icose ahds dsea rdsabritofdt high ithd sapossi bl e
to i nprove the accuracy of channel estinmation. :
description where ecach cluster is treated as a band block.
However, the present invention is by no means limited to this, and
it is equally possible to use a band block formed with a plurality
of «clusters as an equivalent of the cluster described in
15> Embodiment 1. That is, when there are a plurality of band
blocks formed with a plurality of clusters, it is possible to employ
a first formation method in which subsequences corresponding to
the number of band blocks are formed as a reference signal by
dividing one base code sequence into the length to match each
20 band block, and a second formation method in which code
sequences corresponding to the number of band blocks are formed
as a reference signal by adjusting the lengths of base code
scquences corresponding to the number of band blocks to match
each band block.
25 [0069] For example, a component carrier, which is a

predetermined system bandwidth in LTE-Advanced, is equivalent

to this band block. For a component carrier, a maximum value of
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[ 0066] Further, in termnal 100, threshold value setting section 5105
adjusts the switch threshold val ue based on the frequency interval between
band bl-ocks. [0067]By this neans, it is possible to accurately select a
reference signal formation nethod, and, as a result of this, it is

D or ThECZRS 08Ta f DS L 1y ACUUTR e PLo AN 5 AP LA 0y o L 20P®]

Further, a case-has been descri bed w hé above descr ach

CLusLer b AL ST PRI D! Oira ITRACNELm L1, IESERL LTG0, |2 B

no means ed {0 and- i Yy possi bt ock
formed with a.plurality of clusters. as an ui val ent of. the cluster

descri b\ggsfh IESIEMPO%%IS&SHF 1{.JO Tﬁéﬁltfﬁ, Wé&etnﬁé;r eSHLA L HIARYPIt3i%% band
bl ocks formed,with a Jura%tx of clusters,. it is gossi ble to enplpo% a
first fOPatibh MeEABETH bhi the sOBLRBEENEES 0P PRESBAAICAE™ YT St he Fitihber
of nd bl ocks are formed as reference signal by divjding one base_code
seq%nchiaﬁ’?%&t’hénl%t%steo VﬁE‘FE‘h ti‘é’cl’iﬂa’ébmg’z{ﬁdvﬁr‘b%lé?f éhﬁ guggkeh f
fornatiog nmet hod in which code sequences corresgonding to_the nunber of
band bl 6k Se 1PorGRMPLL Rt FFERL el Si Gnalts by 8 Listh n§1End 61 epbt HS of
base code sequences corresponding to _the nunber of band bl ocks to match
each baHGSBr%ﬂk.tOz %‘FW@Q]tE‘c‘/‘r B fpFéle gt cohporfertb @ue r Espbodhmemti sl g

pr edet er m ne(il) system pbandwi dth in LTE- Advanced, is equivalent to this band
bl ock. E¥FDa dForfFdREAED & aFTaTeymigs ivdki MG 04l d@)owhemethunmbem b QUsters
that can be contained is defined by, for exanple, restricting the

si gnal | RETIRY M@kt cpidiefbris, 1p nWélath selegdengi trans mbxdion a¢idh el thon
reference signal transm ssion nethods according to the nunber of conponent
carlh er Wheampthesnwmden ef ¢ompn etiseanhirTs the f@ianteval ue of the
nunber of clusters in conponent carrier is 2, as shown.in FIG 16, it is

possi bl E0980bbt Embedimams 2)fects as in above Embodi nent 1 even by
sel ecting transm ssion nethod (a) when the nunber of conponent carriers is

1, while sel eétigfget rahdmbesidasarabhdd heve Movhe Embe diombet f wdonponent

carriers is 2 or greater. ) o
reference signal formation methods are switched based on a

“Clust;r ban_d_width.” That is, reference signal formation methods

15 are switched based on a total bandwidth of n clusters inraddition'

to a switc_h threshold value and the number of clusters n.

- Further, basic configurations of a terminal and a base stationm

according to the present embodiment are the. same as the

configurations of the terminal and the base station explained in

20 Embodiment 1. Therefore, the terminal and the base station

‘according to the present Embodiment wili-also be explained using

FIG's.9 and 10.

[0071] [Configu)ration of Terminal]

" Reference signal control sectiomn 106 in terminal 100

25 according to ﬁmbodimcnt 2 receives information about clusters

from resource assignment information setting section 104, and

first calculates a "cluster bandwidth.” This “cluster bandwidth”

22



[ 0070] (Enbodi nent 2) A case w |l be described here with Enbodi nent
2 where reference_signal formation nmethods are switched based on a

"cluster bandwi dth."” That is, reference signal formation nmethods 15 are-
swi tched based on a total bandwidth of n clusters in addition to a switch

t hreshol d val ue and_ the number .qf, clustefs_n. Further, .basic . . .
L o PV s PR i CpHR Bl (e R M Bt aine 4 P en
enbodingnt ations, of ,the t

configupg%lo_

.are th as; the .configu _ erm nal and, the base
stationSeXFAHEd? T Ba tEnbbth it n 16 HRETar BV !B e TBF R RaiC TARE T
base station according to the present Enbodinent will also be explained
usi ng Fle s. 9 and 10. [ 0071] [ Configuration of Term nal]

Ref er en ibgnal _control _section 106 in term nal 100 25according to

Enbodi moAP 7311 ecLh¢as iThf BF FBEF o 18BAkt SARELr St iy dlbiur £8 TR T Ghmrent
infarmatian setting section 104, and first cal cul ates a "cluster

bandwi dPFHirChTRng Of| {¢ et ttsdnb anAW 1didafd b SVeiS e“aamﬁ)f)f H Hgre
cluster and Cﬂn be obtained by dividing a total bandwi dth of n clusters by
the nunbersTtileryf eficatery qord] Pissd Oaf dhenteskltghil thoRaBPagE@ton 106
conpares 5 which one of the cluster, bandwi dth and a switch threshol d '
val ue i SChHENIRES o ghelstrém Ceantie tbls efO bW &t he r dBafROBf iher lotisartieson,
determnes a referenceé signal formation nethod in reference signal

gener at § N sle@angyatogn Re¢bioanddd 5i gnBefeppm e ol skadrali ¢ niee ! sh ¢ dieas
reference signal formation nmethods in reference 10 signal generation
sect i on1 @67 spyitehesuttcilsg cngentsiginadt i for m atiommamedhoghs tie teferemicsed

ref erence signal formation nmethod to reference signal generation section
10720 [ o9EA{IComreinpiedioBn 6fcBase St@Yi oRly outputting identification

information of the determined reff_:rencﬂé" :'Sign'al"form--a:t}.6"11_".‘.;;1.?;{7?;';)d R

to reference signal generation section 107. -

[0073] [Configuration of Base Station]

Further, channel estimation control section 206 in base

15 stat1;0117290 according to Embodiment 2 switches the channel

estimation mf:thod_ in chann31 estimation section 207 t‘olthe

channel estimation method corresponding to the reference signal

transmission method in terminal 100. That is, channel estimation

control section 206 receives information about clusters from
20 resource assignment information setting seciién 204, and first

calculates a "’cluster bandwidth,” as is the case with reference

signal control section 106.

[0074] Then, channel estimation control‘section 206 compares

which one of the cluster bandwidth and a switch threshold value
25 is smaller or greater, and, based on the result of the comparison,

determines a reference signal formation method in reference

signal generation section 107. Channel estimation control

23



Furt her, channel estimation control section 206 in base 15 station 200
..according-to Enbodi nent 2 switches the channel estimation nethod in
channel estinmation section 207 to the channel estimtion nethod
corresponding to the reference signal transm ssion nmethod in term nal 100.

That is el, esti L.pn.control section 206 recei,ves i nfornpation, about
clustergegpgﬂ$géﬁ%eggﬁ&%ge%séﬁﬁﬁ%gﬁt ?%#%Fﬁé%?bn”%%?¥?§% §3Ct$%$n%6h, and
h_referenc

fi Lcul ates a "cl dwi dth, " as.is Lh i |
i gnal  ESF B1%0 BecBiSToR07 BB A il Bnid M Eed TR FokS e FoF ot on
206 ich f th | ust er. bandw dt d i 1

val e Bt Qe Sk arTor Rpadt of s UGl EBa Bt F8- FBadhelof st HBAT1on

conmpari son,. deagﬁpines a reference signal formation nethod in reference
si gnal §BREPRR 287 section 107. Channel estimation control  section 206
smitchef gggnel estimation nethods j.n channel estimation section 207 by
outﬁhtt %é Pdent PRC&HOR PheldttdH of the determined channel estimation
nmet hod to chagggl estimation section 207. [0075] [Operation of Term nal]
As described dovBCSFRLRES niak@verooln r bFERdAGS dlilffhal TEloricdic setgTsh 106
swi tches reference, signal formation nethods by controlling reference
signal GRALIGiSGFtERBt i8R SU7CPO87ET T Mo vE ededc f P BB P Ps ¢ldfodtence
signal formation 10nethod (transm ssion nethod (a)) and second reference
si gnal P¥r&emtiod g Hod ceepgssTiast os eRetrBOO 1 HOCthatel @7y el ati onshi p
shown in FI G 17, when the horizontal axis of the graph shows a cluster
bandwi dt®07pb077TEsperh av pyd e agridedniing trirgierenche &mfadr ngideabon
15t ransm ssion nethod (a) depends on the cluster bandw dth and '
method (transmission method (a)) and second -reference signal
formation methed '('-transmission' m.ethod (b)) have a relationship
shown in FIG.17, when the horizontal axis of the graph shows a
cluster bandwidth.
[0077] Especially, as shown in FIG.17, the performance of
15 transmission method (a) depends on the cluster bandwidth and
deteriorates.as the cluster bandwidth is narrower. When the
cluster bandwidth is narrower, the number of clusters tends to
increase. Therefore, when the number of non-continuous points
in channel variation in calculating channel estimation increases,
20 interference increases. Further, the performance of transmission
method (b) also depends on the cluster bandwidth and deteriorates
as the cluster bandwidth is narrower. Because the correlation
length becomes smaller according to the cluster bandwidth, the
interference suppression effects are lowered. This performance
256 deterioration in transmission method (b) is greater than the

performance deterioration in transmission method (a).

[0078] On the other hand, the performance in tramsmission
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deteriorates as the cluster bandwi dth is narrower.Wen the cluster
bandwi dth is narrower, the nunber of clusters tends to increase.
Therefore, when the nunber of non-continuous points in channel variation
in calculating channel estimation increases, 20 interference increases.

Fur ther ;) 4, POA ALTBRCE OF (LAY $3:PR: HELAA0; B 3o AFBENGS R ot he

cluster eriorates e cluster bar th I's narrower.
e 1 2 B0 BRSBTS Bk PESTA B Ghg 3
R s R R T Rt e S
hend, RGBS LSRN ERTES BBy TELICSEP b B55h, 00 DO

wi der.In transm’(zsi on net hpd (F%Y,le\/\hen t he cl ust bandw dth is. gr.eater,

r |
suf £ ci BFRPEFTRTENnR Asupptisss b f eBBEheh b‘@gbb"t’ai]ﬁedtrﬁ'ﬁ]&[‘i‘ dPfler ence

can be suppre to a noise level. Further, while, in transm ssiqn nethod
(b), th@ﬂagpﬁﬁiﬁgnéged%g QT 48ECel PEF o BT T REA HuSEER SR E T 4TS i o

| arge, in transm ssion nethod (a), .great interference due.to

non- con?f fl3se bt 18HAABEL Vit aRFBSBERhrBeblaA (hbnstha! dPLSHET CB&Sdwi dt h
is wide, 10[0079] That is, here again, with a certain cluster bandw dth M
bei ng ad¥fir & HYY & CQIHd DALY Ky CHRIE N KEr 1 Hd PG Sof VERe WMl g5 tthe
reference signal formation nethod and the accuracy of channel estimation
of the SBtUsd PererddeB & gHadle f or mati on nmethod are reversed. That is,

when the cluster bandwi dth is M or narrower,
10 [0079] That is, here again, with a certain cluster bandwidth M

being a threshold, the éccuracy of channelcstf;n;ati(inlof the first
reference signal formation method and the accuracy of channel
estimation of the second reférence s‘i‘g'nal formation method are
revérsed. That is, when the cluster bandwidth is M or narrower,
15 the channel ecstimation value of the first reference signal
formation mctl_lod. exceeds the channel estimation value of the
second reference signal formation method, while, inversely, when L
the cluster bandwidth is wider than M, the channel estimation
value of the second reference signal formation method exceeds the
20 channel estimation‘ value of the first reference signal formation
method.
[0080] . Therefore, by using a cluster bandwidth of the point at
which the accuracy of channel estimation of the first reference
signal formation method and the accuracy of channel estimation
25 of the second reference signal formation method are reversed as a
switch threshold wvalwe, it is possible to select a more

advantageous reference signal formation method with respect to
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15 the channel estimation value of the first reference signal formation
nmet hod exceeds the channel estimation value of the second reference signal
formati on method, while, inversely, when the cluster bandwi dth is w der
than M the channel estimation value of the second reference signal
formati QR met hod exceec{s hannel estimation value of the first

h tpe 20
ref erence si ghal ' o mt'i oh %Pﬁid.es[‘b’é‘@d]‘%e@é’r%@m@y tRi ABea dusseer

bandw dt.h of the point at which the accuracy of channel estinmation of the
first retdt W&gﬁéi gnat ¥f oPﬁé%?HHlﬂﬁt h@HSanE“i‘ e Yccirdéghorcentiel of
estimation 25 of the second reference signal formation method are reversed
as a svwrtegﬁr?ﬂfgsﬁ(ﬂlba]\/aflodé‘}afltoq énﬁb]%%ijgi P 1 dpdtan a298r eaadedieileous
reference signal formation method with respect to the accuracy of channel
esti mat i‘gﬁ AEEYrarng® ocgﬁéﬂalu%&m%&mﬂtwnwlﬁérﬁbftrrmbldt Higekimd of
swi tch ntrol of reference signal formation nethods, base station 200 can
obtat n t a]tﬁ:uracy of channel estimation shown with the solid line in

FI G 18. b0081] Further, as shown in FIG 19, the accuracy of channel

esti mat L8R8 8il" t Hevrtlves, st shaee dngddIG fidt.ndticorn amatiasd deberidznonl t he
frequency interval between clusters even when the horizontal axis of the
graph sK&hsmatQustfethpafidgnit dtaferenge b bgnabtfiee meatd amaoye tdurds @l egfe whannel
estimation shifts upward as the frequency interval between clusters is
narr onePR Theeeffgeauation tiddetvabudry ¢ ew erclalstbes wesre il vshens dhanges,
the point at which the accuracy of channel estimation of the first

ref er end@rézgntal paipeel dh cngrhod ahdwhe stusteacyaefdwehirinel Bisii iafion

10 the accuracy curve of channel estimation shifts upward as the
frequency inter{r;i betwee;n clusters is narrower. Therefloﬁre,-
when the frequency in‘terval between clusiteri;.s_ch“anges, the point at
which the accuracy of channel estimation of the first reference
signal formation method and the accuracy of channel estimation

15 of the second reference signal formation method are reversed also
shifts.

[0082] Therefore, because threshold value setting section 105
adjusts a switch threshold value in reference signal control
section 106 based on the frequency interval between clusters, it is

20 possible to accurately select a reference signal formation method.

0083} As described above, according to the present
ernbordin‘ient, in terminal 100, reference signal control section 106
switches reference sigﬁal forrnetion methods based on the “cluster
.bandwidth.”’ That is, reference signai formation methods are

2% switched ‘based on a total bandwidt-h of n clusters in addition to a
switch threshold value and the number of clusters n.

[0084] By this means, it is possible select a more advantageous
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150f the second reference signal formation nethod are reversed al so
shifts. [0082] Therefore, because threshold value setting section 105
adjusts a switch threshold value in reference signal control section 106
based on the frequency interval between clusters, it is 20possible to
accuratelﬁgselect.a r j

fErencz.sigﬁgl fﬁ;nathon met hod. [ 0083] As described .
above, ACCSFHTRY Y& e PrEZEHT dRHHP ekt thite P&t HulthfoaccrErer etk e

si gnal cggtroH section.106 swi.tches reference signal_fotnation_nethodsz*
based of ¥ S| BARARdwRBEn. &S TRatT sS4t r 8f et Bhbe i ghaP omsibdg i th
nmet hods ,are 25swjtched based on a total handwidth of n clusters in
additioﬁmﬁf%¥%&%Fcﬁc?ﬁ¥%%%dﬂacbépﬂéldﬁﬁlpﬁélﬁﬂﬁber of clusters n

[0084]B¥ b%&ﬁ ne%ﬂz it is possible select a nore advantageous reference
si gnal 1808di onAPRIEM ERSFRsPare tbeehe desamhey ovidhahhel above
estimation, and, as a result of this, it is possible to inprove the
accut ac§ IO EHBSAAP eWiiarat i bRt cor8s] Alignslghf crsesi amyanbeknddesard bed
with the above 5 enbodinents where reference signal formation nethods are
swi t ched™i4sbadohasnd enudiercipanemibattd wiidths iposspbkeitle useushethe
narrowest -bandwi dth out of the bandwi dths of n clusters instead of the
cl ust er IBaRAWicat hb apdessith( outep f ettbodb ardw)i d10€asésn hales teeeni meicerd bed
wi th above Enbodinment 1 and Enbodi nent 2 where both of reference signa
transmi 8§itdi¢ abesicdsbiandmerdiilnal 100 and channel estimation methods in
base station 200 switch according to the nunber of clusters or a cluster
bandwi di $08pdwe(Ortheirteindogbigeémi)e to switch only channel
1o Cases have been described with above Embodiment 1 and
Embodiment 2 where both of reference s-i-gnal transmissioﬁ
methods in terminal 100 and channel estimation methods in base
station 200 switch according to the number of clusters or a cluster
bandwidth. However, it is possible to switch only channel
15 estimation methods in base station 200. That is, it is possible to
fix the reference signal transmissicn method in terminal 100 to
transmission method (a) or transmission method (b), and switch
channel estimation methods in base station 200 according to the
number of clusters or a cluster bandwidth, By this means, it is
20 also possible to obtain effects similar to the effecis of
Embodiment 1 and Embodiment 2,
[0087] Also, although cases have been described with the above
embodiments as examples where the present invention is
configured by hardware, the present invention can also be realized
25 by software. |
[0088] Each function block employed in the description of each

of the aforementioned embodiments may typircally be .implemented
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15 estimation nethods in base station 200. That is, it is possible to fix
the reference signal transm ssion nethod in termnal 100 to transm ssion
nmet hod (a) or transm ssion nethod (b), and switch channel estinmation

nmet hods in base station 200 according to the nunber of clusters or a

cl uster bandmﬁﬂg?. B¥ Ehis HE ns, it.is 20al so possible to obtain effects
similar 3o Yhe-af SQLSH tEfp ddf bt 1Al e tedpsdT fBAL 2 Thess7may she

al t hough gase have .been descriped with the above enbodi ments as exanpl es
wher e {HBIRYELBAL SHHPENPF gt HnPF gtR id | ByC WAl vk Ot HeS pr Bt ip.
inventiqqﬁﬁﬁn.alsg be re Iizeg 25by. sof tware. [0088] Each function block
enpl oyed i t HE ddePtedt bSAcoP udathiomene aksorkaert fcaned dabadi Gt may
typically be imlenented as an LSl constituted by an integrated

circuit. sy e | AUPGT dhal. cHitps tdfr pdr Taldp ording 01 ydiddatiged on
a siggle Chiﬁé "LSI" is adopted here but this may also be referred to as
"1 C " §FdEBRS 19d] integradéPnL S| " or "ultra LSI" depending on differing

S5extents of integration. [0089] Further, the method of circuit integration
is not [PABPdd Further, the method of circuit integration is not limited

to LSI's, and implementation using dedicated circuitry or general
purpose processors is also possible. After LSI manufacture,
utilization of a programmable FPGA (Field Programmable Gate
10 Array) or a reconfigurable processor where connections and
settings of _ciréuit J'c‘ell‘s within an LSI can be recourfitgurcd is also
possible.
[0090} Further, if integrated circuit technology comes out to
replace LSI's as a result of the advancement o_f-..semicondu'ctor
15  technology or a derivative other technology, it is naturally also
possible to carry —out function block integration using this
technology. Application of biotechnology is also possible.
[0091] The disclosure of Japanese Patent Applicatidn No. 2009-
018632, filed on January 29, 2009, including the specification,
20 drawings and abstract, is incorporated herein by refeérence in its

entirety.

Industrial Applicability
.[0{)92] A radio transmission apparatus and a reference signal
25 transmission method according to the present invention are useful

for improving the accuracy of channel estimation.
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to LSI's, and inplenentation using dedicated circuitry or general purpose
pracessors is ‘al so possible. After LSI nmanufacture, utilization of a
programmabl e FPGA (Fi el d Programable Gate 10 Array) or a reconfigurable
processor where connections ‘and settings of circuit cells within an LSI '
can be reconfigured is also possib §§Aigp O] Further, if integrated circuit
t echnol ogy cones out to replace LS result of the advancenent of
senlconﬁﬂctor 15t ec nologé a _derivative_other tec

nat ur al [y &% 4§ possi‘bl 2 céfﬁ?S&BV“?ﬁﬁctFBBaBFb%% IHFég i??éﬁ“ﬁ§|ﬁb this

t echnol o i cation of. blot chnol o IS |SO‘ ossi 0091] The

i scl osa%fa@‘o%ap%ﬁ&ﬂ pStRd: RARE o MarokaT BOsEC 62,0 BIEa oty

January 2H§3 inc udln the specifica |on 20dr W ngs and abstract, is

i ncor poPﬁPéldv bhogks é‘r’i@ep Al §iod eghaitr ig Ty aufsrtorqlaFa%p‘Pﬂbfalbl lity

[00 2]A.rad|o transm on apparatus and a reference signal 25transm ssion
d Ht Aol fgt e Piegrﬁﬁé'seéfﬁ Vi ﬁ]@/‘érﬂﬂwaér“é 9§§¥M13FBB i nproving the

accuracy of channF estj mati on
a formation section that forms the reference signal based

on one of a first formation method, in which n subsequences are

formed as the reference signal by di,v_idingrone base code sequence

into a length to match .ecach bandwidth block, and a second

10 formation method, in which n code sequences are formed as the

reference signal by adjcstin‘g l'engths of n base codc"‘.scqucnces to
match each bandwidth block; and

a switch scction that switches reference signal formation

methods in the formati_o‘n section between the first formation

15 method and the second formation method based on a switch

threshold value and the number of the bandwidth blocks n.

Claim 2 The radio transmission apparatus according to claim
1, wherein the switch section switchesr the rcfcrence‘ signal
20  formation methods in the formation section based on a total
bandwidth of n bandwidth blocks im addition to the switch

th;cshold value and the number of the bandwidth blocks n.

Claim 3 The radlo transmission apparatus accordmg to claim
25 1, further comprising a step of ad]ustlng the switch threshold
value based on a frequency interval between the bandwidth

blocks.
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CLAIMS Claim 1A radio transm ssion apparatus that transmts a reference
signal using n (n is a natural nunber of 2 or greater) bandw dth bl ocks
that are positioned at intervals fromeach other in a direction of
frequency, the apparatus conpri sing: a formation section that
forms the reference signal based on one of a first formation nethod, in
whi ch n subsequences are fornmed as the reference signal by dividing one

base code seqyence i,nto a_length to nmatch each bandw dth bl ock, .and a .
second g:gal?‘orrrati oft et §GE e ﬁcv\hi%ltg%ﬁcodér%ré%fi‘}éﬁﬁlé’s" ar én?&%d a%tat he

reference signal. by adjusting | engths of n base code sequences to match
each baﬁ’cﬁlﬁﬂgl’lttb}lgc%;re&ﬁaen& sigmaly ushpgch s‘bé?i%r?:attﬁégyﬁwp fdsot 2

ref erence signal formatiagn hods in the fornati on section between the
(1ot 1 OF rBASHe ) SER 0 SARGD | HEKS dGHAT Hritfet 16AD At Rbd PASHE Sorr &msuw ¢ ch
threshol d val ue and the nunber of the bandw dth bl ocks n. Caim2The radio
trarfsmi €8FBnOAPRAr B ud SAEBFHIYY ¢b BISHIHSACY whidtei W et R ds\G QT AT 5EE&E on
switches the reference signal 20 formation methods in the formation
sectionSfdsed@fon a total bandwi dth of n bandwidth bl ocks in addition to
the switch threshold val ue and the nunber of the bandw dth bl ocks n. C aim
3The radi o trankhiBiisnthgpdcdeasngecsignid thas@di pn2®ne, of ugt Hérst
conprising a step of adjusting the switch threshold value based on a
frequenf:‘yfmﬁﬁwlvameﬁémfeeﬁﬂt hehbahdwi ¢tbssioreces Crag nformed as the

4Ar ef erencesi gnal t ransmi ssi onnmet hodof :
reference signal by dividing one base code sequence into a length

10 to match each bandwidth block, and a second formation method, in
which n code Sequenc‘es are formed as the reference sigmal by
adjusting lengths of n base code sequences to match each
bandwidth block; and

switching reference signal formatioﬁ methods in forming

15 the reference signal between the first formation method and the

second formatio.n method based on a switch threshold value and

the number of the bandwidth blocks n.

Claim 5 The reference signal- transmission method according
20  to claim 4, wherein the switchingrstep switches reference signal
formation methods in forming the reference signal based on a
total bandwidth of n bandwidth blocks in addition to the switch

threshold value and the number of the bandwidth blocks n.
25  Claim 6 The reference signal transmission method according
to claim 4, further comprising an adjusting step that adjusts the

switch threshold value based on a frequency interval between the
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transmtting a reference signal using n (n is a natural nunber of 2 or
greater) bandw dth bl ocks that are positioned at intervals fromeach other -
in a direction of frequency, the nethod conprising steps of:

formng the reference signal based on one of a first formation nethod, in
whi ch n n re formed as the reference signal by dividing one
base cogéggéﬁﬁgﬁhé?ﬁﬁ 5 a |l ength 10 to match each bandw dth bl ock, and a
second formation nmethod, in which n code sequences are forned as the
reference signal by adjusting |lengths of n base code sequences to natch
each bandw dth bl ock; and swi tching reference signal .
formation nmethods in formng 15the reference signal between the first
formati on nethod and the second formation nethod based on a swtch

t hr eshol d+<val ue -and t he nunber of the bandw .dth bl ocks n. C aim5The

ref erence signal transm ssion nethod according 20 to claim4, wherein the
swtching step switches reference signal formation nmethods in formng the
reference signal based on a total bandwi dth of n bandw dth bl ocks in
addition to the switch threshold value and the nunber of the bandw dth

bl ocks n. 25C ai m 6The reference signal transm ssion nethod according to
claim4, further conprising an adjusting step that adjusts the switch

t hreshol d val ue based on a frequency interval between the bandw dth

bl ocks.
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