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ZFO%%%QE@I:PCT 1 DESCRIPTION SEQUENCE ALLOCATING METHOD,

NSMITTING METHOD AND RELESS MOBILE STATION DEVICE
5 Technical Field [0001] The present invention relates to a sequence
allocating method, transmittir%%%gﬁ&)llﬁdio mobile station

S Eappasios that peesad @ aetfuigadia ConNBRICHIONSYSIERMTHOD D AND

Sacktoun AN{BORE SR PSEIRRED Eepgos Profe

adopted as a reference signal ("RS") that is used in uplink. The reason for
Tecq]qlq@gqlgg:fleéc sequence as an RS is that a ZC sequence has a uniform

frequency 15 characteristic and has good auto-correlation and
{008rbkss-ddtfelatibfic Eharactaristies I Al ZIC SdQuence 814 kiifd dflepataiy method,

trad GAREATY AMPHBWE ANd AR Avrrorielation & %%ﬁﬁpsu%%? ¥ used in a

represented by following equation 1 or equation 2. [1] sn, (k2 12+gk) a (k)
cellniak radiqGomup iRl S35E5 ™V 20 e N: odd (Equation 1) z" J (k
12+gk) a (k) -e N, N :even 2™ 7N (k(k+1)/2+gk) o N odN t ...(Equation 2)
Ba%%hi@deﬁ%ﬁon 1 and eq.l.Ja.t.ion 2; N is the sequence I.(.ar.].g-th’ "r'is the
sequence number, and "N" and "r" are coprime. Also, "q" is an
[008bjtradnindégP. 1fid Bogsible (begi@metétel NPJaqﬂI_aisiSdiritho@mjﬁQtS Long Term
EvRAYEREESOf 000 GRSFCARIGUAR ENRIacerislGa oM 8 ZE SIMANER as a

having the sequence Iength N of a prime number. In this case, the cross-
) that is used in uplink. The reason for adopting a

reference signal (“RS”
ZC secquence as an RS is that a ZC sequence has a uniform frequency
characteristic and has good auto-correlation and cross-correlation
characteristics. A ZC sequence is a kind of CAZAC (Constant Amplitude
and Zero Auto-correlation Code) sequence and represented by following

equation 1 or equation 2.
[1]

- ZJ‘F‘,‘(kz [24qk)
N

e ,N reven
ar (k) = 2XF
w el (kA1) 20 gk)
e N ,N rodd :
...(Equation 1)
,2:1.'?’ 2
Fe (kT [ 24+gk)
P N reven
a?‘ (k) = 2xr
Jre ke (k1) 2+ qk)
N N rodd

1 ...(Equation 2}

[0003] In equation 1 and equation 2, “N” is the sequence length, “r” is
the ZC sequence number, and “N” and “r” are coprime. Also, “q” is an
arbitrary integer. It i1s possible to generate N-1 quasi-orthogonal
sequences of good cross-correlation characteristics from a ZC sequence
having the sequence length N of a prime number. In this case, the cross-
correlation is constant at vN between the N-1 quasi-orthogonal sequences
generated.

[0004] Here, in the RS’s that are used in uplink, the reference signal for
channel estimation used to demodulate data (i.e. DM-RS (Demodulation

Reference Signal)) is transmitted in the same band as the data
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correlation is constant at vN between the N-1 quasi-orthogonal sequences
2F(generader. [0004] Here, in the RS's that are used in uplink, the reference
signal for 30 channel estimation used to demodulate data (i.e. DM-RS

tra ARG Rt Refargnce Pignal)), isdrasmitted in he sameibenthas A8 width
. data 2F08056-PCT 2 transmission bandwidth. That is, when the data
1S HaSissioR Bhrtvidtha 1§ hdrithe & BRERS i8 A36703hdhfiéd inf@r example,
if mhargw HanenEer example nid #iv datss iensNRISIGR bepdyddiiBinerg, RBe DM-
RS( esource Block) thedDM&,E%S tfransmission ba}Q widt iskalso oneRB.. ..
Li re%i%@,lﬁsthoendaqg% transmission bandWidth i two RB'S Sthé“bm-Rs' "¢ a2
tranamsmi'ssinrb baddviitdin iis av_sc,o two RB'shé\IianIBSF?Fah's’E,‘iMQ.R$émdwidtl1
is GRS REelvessuboariers; onsequeni, REC SCAUENER NAYING A cive

sequence length N of 11 or 13 is used as'a DM-RS that is transmitted in
subgiie R\ sand@o2ee 48guéhbehdinged segaentavéngta NeshxE 6 294¢th N of

11 used as @ OB S:that I9Ns-transmittedsintwpRBRHergs. WheneZCand a zC

sequence having a sequence length N of 11 or 23 is used, a DM-RS of
SeapPAGRCAMARS T 54 SUBRERIETE &5 gBna ated BY cychealtyekdantifgMhd S that
is Isaguenice; dhid iswbyRBpYing Hher djead data afthesspauance ie the t@ikequence

en th uence.. On the other, , when a ZC sequence hayving.a .
e g B o oo B SR P o Rariers
is gansubtadibis fygéardied by petiognihg seameation, thia isishybdelipying the

he RAG PfNGrSRAUENCR JARQSI A MeHhod, 8T BUORRING ESRAUENESS Pe other

reduce the interferénce between DM-RS's that are used between different

hangdy v et 4sZfo P He ittt interierRRte 6F BI-R fintdath RBJs used,

a [XG J0Ssequences 9f gitfrrantosequengs cutimnkers aresalingatedite adipgedtkming
. cells.as Dll\]/l-tRS's.bThﬁ atta transmtissg)ﬁi bandwidth is determined by the
ru%&ﬁélaoulfihé in‘eden’celf “ahd Hfekérore bMRE S 8F Gifferent transmission

[OWdWiMS age _mlgtipt&kew ﬁew&é@mad:ia_ilg. %@e\ﬁerqﬁmmqumcesd)ﬂce the
intdiferenirapsmisgnpRNgyedths, thaj s, ége%eﬂ%‘?&%%%oﬁ ffff@{ €0t 2211s, that

_sequence lengths, are multiplexed, a specific combination of ZC sequence
is, ntmpedusss altigh trossebrrérisshc [0006] G, PiMakifagriim cach RB, ZC

sedWeSHERUNG CINSGRmelatign Sl actenislics PRIWEEH-4te deGRGeedRt cells as
combinations of different sequence numbers, which are acquired by

DMiRabiter sithbfatidd oot BEAHEAS Sodcifiea BIEVIHE inlsrdeictipided by the
sclyassia@rralatanichartctatistich betiveendBMCRS®QUTC@i@ferent transmission

bandwidths are multiplexed between cells. However, if ZC sequences of
different transmission bandwidths, that is, ZC sequences of different
sequence lengths, are multiplexed, a specific combination of ZC sequence
numbers has a high cross-correlation.

[0006] FIG.1 is a diagram illustrating cross-correlation characteristics
between ZC sequences in combinations of different sequence numbers,
which are acquired by computer simulation,. To be more specific, FIG.1
illustrates the cross-correlation characteristics between a ZC sequence of
a sequence length N=11 and sequence number r=3, and ZC sequences of a
sequence length N=23 and sequence numbers r=1 to 6. In FIG.1, the
borizontal axis represents the delay time using the number of symbols,
and the vertical axis represents the normalized cross-correlation values,
that is, the values dividing the cross-correlation values by N. As shown
in FIG.1, the maximum cross-correlation value is very high with the

combination of a ZC sequence of r=3 and N=11 and a ZC sequence of r=6
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a sequence length N=11 and sequence number r=3, and ZC sequences of
2F0&80sedquence length N=23 and sequehce numbers r=1to 6. In FIG.1, the
horizontal axis represents the delay time using the number of symbols,

anRA-the vierticad ads seniesants the norealized G1oss: COrRIatin YalWeSn value
35 that is, the values dividing the cross-correlation values by N. As shown

0 SHGREE) thE PRSBHEHOG GEREa g Hoh Valre 580ers, high With the
[00Cabirkier ofsaZ Giagauendd of rr3 ang tNelinaad acZCisequines of rsb DM-
RSZiElogoégéFe)CTh%raend Ne:czl:%icar}:doinsl pnoa"{ti(tygrf?eot}”%é hsi(?her txpc%]st Rat increase
cross-correlation valle in the single transmission ban vﬂigteh 1/VN, that 1s,
crogpvibqOoOd7}PIG 2t aldiseprtad ilostditiag e dolds-celllintériermnge oipecific, a
zcONg R agase wherg speqiiic somiinagons of, £ sequences Hat N=23 are

increase 5 cross-correlation are allocated to adjacent cells. To be more
allogrdslc,t8 7es Hediincest riabhd NATERRE P2 CIs&quetteldr b aad 2 2C

seqi¥erdaares allogatarhtoneell #Ax @nd B Ll seIueNGe:Of IFB andN=23Aand &, the
C. sequenc, nd N=11 are allocated.t efEI\#B Inthiscgase,t

fr=
cogRTHATOR of o o SERHERES oY <28 bAd AT W GHART 6 b B Lty and
the1DthecsC seguerce=af pralaNd:R3E-23]allacatbd tocdll #8,00 thehe combination

of ‘fﬁ@“bﬂ‘f‘“%‘alﬁ’éﬁ@% 28+ Sealenga O&E%aﬁ%l'&%? dlligated fo8ll #hand. zc
the Z ence of r=d and N=11 alloc h

e ZC seq ated to cell #B, increases the

seqitarceeld fintede et et DMRD @rigdconseqliertly, dagisdss thehe inter-cell

int &EHARY0foghanpelestimaiion and degradesdhedalpdrmodmlationcyracy of
performance 15 degrades significantly. [0008] To avoid such problems,
chapBZC SYYTEILE hIL4tng TREMSE a@aoge%}%n NER-PAEAL 8cuprahp fmance

de dsadsaddica deulariradio communication system. To reduce inter-cell

interference, Non-Patent Document 1 sug s allocating a combination
O TR Y o BE At Cor Dty i OMCIE, SLQELE ethod
disogihd, tona diefle Betle f0000PFIGIR 14 a HiadsamidkstratingthecZ8ular radio

comaAVENEA Allocaling: metheds disglpsed;ip Non-fateny Paeyment 1 8 -patent

Non-Patent Document 2. In FIG.3, the example shown in FIG.2 is used. )
Dopenagdivd id kEE€ 31 ebmpiidfigndbor2e BipatnceLbf highsequences of high

croSRsTERITRIalia tldal igfardh compiratien eha e, seauedicn of r=a and
=11 a ﬂ .Cseque ce of r=c and N:23, igaloc%& to a single ceI# catin

(000 4 G el 4B 4RbtHo] EURRAIAion S ZeCcont LS b AgRC=tnE
me chosb-cbiyelatied, thalNisnaP eoembidationroé atZC medjUence id rexdtdddcument 2.
InNﬁ%é}%}dt?{g%fgﬂl%q@cghog&zrp in FIG.2 is used. As shown in FIG.3, a
combination of ZC sequences of high cross-correlation, that is, a
combination of a ZC sequence of r=a and N=11 and a ZC sequence of r=c
and N=23, is allocated to a single cell (cell #A in this case). Also,
another combination of ZC sequences of high cross-correlation, that is, a
combination of a ZC sequence of r=d and N=11 and a ZC sequence of r=b
and N=23, is allocated to a single cell (cell #B in this case). In the
single cell, transmission bands are scheduled by one radio base station
apparatus, and, consequently, ZC sequences of high correlation allocated
to the same cell, are not multiplexed. Therefore, inter-cell interference
is reduced.

[0010] Also, Non-Patent Document 2 proposes a method of finding a
combination of ZC sequence numbers, which are used in RB’s (hereinafter
referred to as a “sequence group”). ZC sequences have a feature of

having higher cross-correlation when the difference of r/N, that is, the
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and N=23, is allocated to a single cell (cell #B in this case). In the 30
2F08igle’€dll, transmission bands are s€heduled by one radio base station
apparatus, and, consequently, ZC sequences of high correlation allocated
diftertbecsame celjuara: Boh iHliptexeads ghhearefore.dater-celkinterference isrefore,
reduced. [0010] Also, Non-Patent Document 2 propo hod of
Dasfifaity & LR Binonof S0 CAGUeHeb IR RE i A1 (REdffnces that
maRB's fkerdidétiern refermdd tolas adseljuémcesgropy. ZBasequiepoesi bevenined
e BSTERIHE,QL BRYing higher Grosseorslation whep the.differenge SN u1eiple

that is, the 2F08056-PCT 4 difference ‘of sequence number / sequence
ZC|spgueicsrn e ¢ e for) chERE d ©F & sBqut fieeof HHEINRaEy R (e.g.

[00ang RBﬁrgé%%U%ﬂ@ﬁamtmmah%shﬁa@iﬁ%reace;,@cﬁﬁ/%eguglrt%r lggScration
than a predetermined threshold, are found from the ZC sequences o

meHdh KB ARdHe mullipl 550 befasHEREMound ard alidCardd 184 barizontal

axi@srenesequencaNgrauel [0l FiGcdlisaa diagrpnt dlusisating & seqgueIcsice of

caci QB Oensrafion, melhod disclosed in Nop-FalentBoeument 2, I LG cnee
the horizontal axis represenfs rflﬁflang thie Vertical axis represen?s fhesf&

numbguente ofe each RBHFrsinthd taferert€ seqyenoederiything arfte reference
sefPIRENGE SEAMANGE, 10 NWRDR!TRALE SELHreINaleL, &8 G SGUYERSRI to as a

..__having the reference seguence length Nb and reference s.ecgée,nce
refEFRBEF rB5Y ¥efktFed to Be%a CafBRIScel S Bemtel SFOV Bxapke HiNBGgucnce

lenBHWRIcHCE tha seauence: IRIhassatiatediwii N RB) anddkeis between 1

ich | | d bet d -1), rb/Nb is 1/13. Next, ZC )
) AP ot i o a® S AN d ol ks Wi rerence
of edialitoor Idss thedie eepradeterMined) thieshold; aresfouhd from phe&Eermined
tn:SSBUFROGH 01 FAEH B I8 DeNGIRUE R SEANERCE.ILR. ARORRE ISTEIERRS e o

sequence number is changed, and, in the same process as a er

5 € (LN €6 YrBups atey e ARIE ITRGS, €431 paSSible %bg@n@rabad{ﬁéﬁbn@nd= in

th eSEAMRNE LoD for B auphe af 2 EefeEeREs SEAURRCE.MUNNRLS, thath s, it
is, it is possible to generate Nb-1 different sequence groups. Here, if

is DAL I6r L81eBARG PECSEHIERERRT i SHARNCY diffttRse fidim thAngigmber of

refeguat to ot dessithanma predetermined ithrdshdld, pueslap betwegnerate Nb-1
dif??l@c nt sequence rougs, tiﬁ same.ZC s%%u]fnces arcei.lncl din the

Dliirallty 5f SegUSree Gidtips, ARd thorafore 25 the SeGUANEE RUMBers c1ees, in
w hovkeriapdbEiovearn ceflt Thehétdie, ito peevdnt oramyds for Sedecting ZGlctermined
thré@ﬂﬂ?@,ceﬁé%ﬁqjﬁcwt%%n%%g{ggﬂlsf@%uence groups, the same ZC
sequences are included in the plurality of sequence groups, and therefore
the sequence numbers overlap between cells. Therefore, to prevent
ranges for selecting ZC sequences in adjacent sequence groups from
overlapping, the above predetermined threshold is set to, for example, a
value less than 1/(2Nb).
[0012] FIG.5A and FIG.5B illustrate examples of sequence groups
generated by the sequence group generation method disclosed in Non-
Patent Document 2. Here, the sequence length N is set to the prime
number that is larger than the maximum possible size of transmission in
the transmission bandwidth and that is the closest to this size, and,
furthermore, the sequence length N is uniquely determined from the
number of RB's. FIG.5A and FIG.5B illustrate sequence groups (ZC
sequence group I and ZC sequence group 2) comprised of ZC sequences

that satisfy following equation 3 in a case where the reference sequence
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overlapping, the above predetermined threshold is set to, for example, a
2F0%8Re €SS than 1/(2Nb). [0012] FIG.5A and FIG.5B illustrate examples of
sequence groups 30 generated by the sequence group generation

len Bt@thad disclosed i Non: bﬁ’atemb@@éi:umq&t%ddeﬁeu thessequenge ﬁmthz. In
N is set jo the prime nu that,is er than the maxi possible

aURSEPB ant AR AL So ooy DARATIGE o T Rl foodd?®) 1o

pretoctinist bizes aamel , s furtlerorofepthetssqge ncelledgth iN is phigudlyy of sequence

gro g)tgrmined from the 35 number of RB's. FIG.5A and FIG.5B illustrate
sequence groups (ZC sequence group 1 and ZC sequence group 2)

comprised of ZC sdtuehbes' NMat stify follofing Egmafion 3 in a case
[oowBgre heseferancriseguenad RQBARGIPCT 2denath Nivisi k3 #ndi10810sed in

reference sequence number rb is 1 or 2. In equation 3, the threshold Xth
Nof gt Harfie? MENb], (R 12818 PrdVerd B 8ifé SeqdenedHaihe group
coeirigddchiedin aguivrality ohsequaneea gleuns.cm bb/bib1/Ni sqithl.to or less

Equatio l[’_{9?01%!Thus, ccardjng fa the sequence allocating methods,
e RO ol T oL B RS BUL GRS ecu of 7C

seqaeguerce roup gcorppeistd of Zﬁ)sequancéatthm makezs_l differgneelofcrmined
thré’s‘.\ﬁ8%{%&%&1@?&{élaa”aﬁ(Prﬂ%tg@mﬂ%qéﬁr%%ﬁ%gnﬁkatg'?oﬂps%ugﬂ%‘%ated to

group comprised of ZC 10 sequernces havin_gagreater cross-correlation
theysaped Hreddétermindd hiB&AGRE, i demstatenl alg MdeHerate@mbination of

7 CSeeyepseareupisraloeated teothelsinale eell By thisdneansyitisce lengths to
possil?le to IIoc%te a comhination of ZC sequences of large

the $0R8Sor bR FeldifE e GEEh B FFAGHT S the single cell, and

reduce inter-cell interference. 15 Non-Patent Document 1: Huawei ,

67, nce Allocating. method far EsUTRAMplink Refere, .
N BRI T AN eSO coing
me aptharfor00F-NdRPateHibodum iz e eEledtianies, R1367EB42TSG  RAN

wé@M@a%ﬂmﬂmﬁ 30 YLRS 3@%@%-‘4@“1@#&5@?2 leggths”, 3GPP
TSG RAN WG1Meeting #48his, St. Julians, Malta, March 26 - 30, 2007
NopyZabebl i IHIEHbA PRIBIEHSH BB gtRd 1/ thadAveritibii 28500 £4hod for

ULHRWeveyuwitl thevsegueifee@liacating method dBelossGiInNfNONF WG 1Meeting
#48bis, St. Julians, Malta, March 26 — 30, 2007

Disclosure of Invention

Problems to be Solved by the Invention

{0014] However, with the sequence allocating method disclosed in Non-
Patent Document 2, the threshold Xth related to a difference of r/N is a
fixed value regardless of the number of RB’s, and, consequently, the
following problem arises.

[6015] FIG.6 is a diagram illustrating a problem that arises when the
threshold Xth is set higher. As shown in FIG.6, if the threshold Xth is
set higher, ZC sequences located near the boundary of adjacent sequence
groups have a smaller difference of 1/N, and therefore cross-correlation
increases. That is, the cross-correlation between sequence groups
increases.

[0016] FIG.7A and FIG.7B illustrate problems that arise when the
threshold Xth is set higher, using specific examples of sequence groups.
In FIG.7A and FIG.7B, the sequence group examples shown in FIG.5A and
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Patent Document 2, the threshold Xth related to a difference of r/N is a
2F0BKéed-Y&altie regardless of the numbesof RB's, and, consequently, the
following problem arises. [0015] FIG.6 is a diagram illustrating a problem

r1dhakarises whan the,3Qghrestioldgcs saf highes adg shewRdn {1G-Gdfuence

the threshold Xth is set higher, ZC sequences located near the boundary .
ELO¥P3djHcENt SEqUIEHLE "GDUPE N el a Shalef-dtHERES Of #1¢ Uhd) shown in
FlGherefaralciigs-C@relatiohaintredsEs: Fhalisnths chass-corsetationr difference

befwegen sequence groups. increases, 35.[0016] FIG.7A and FIG.7B
STt S e i e T MY
s € qapsacific Sxamples H@g@qm@é@mgg G168, handFB 7B iheC sequences
in SEOHERES TR xammes P inik!G oA ANk 2EPSORERET B FIGHB cfore,

are used. In the ZC sequences included in the two sequence_groups (i.e.

as Frogeyenéd Grddp Ahd e S8queiice grbapmyshenr in R 7ia dageer, the

nufrtG 7 BthEhaichedn2Csseapancasshave arsmalles differaneg Ofg N From a
and larger cross-correlation with ZC seq ther 5 sequence

ences of 0
refGRRTI6S. Aerd A0 ERGAA AL C.4 TAB AUTIBET BY ZC scalihoddh il number
of RBisNid db igNrintbraals sn theh kangd of siNROetoct. Thwegefor® as shawnr, the
Fe@o?’%99&155627§’5W&§19§Q85nﬂ?3?§ f]fSIZ\jB's is larger, the number of
[

ZC sequences Increases that make a difference of r/N from a reference

[002& IsecfBrcendmpatemthan 4aréBRotd oAlseX ihhin the wumber 10hsf RBber of
7.Cis iy gehdbatrisy when &hgeiﬁpyf%@%oﬂ hd dsdaneer, thes unbaEOfwhen the

hatched ZC §equenceﬁli?ncreases,.‘ By contrast, when the threshold
nuRhe s e, T MhbEr s 19 CEBGe e S FGHRGtal s Bnbe 1S shorter,
thegrauptdactdasesu Especiallyt whenpihe cawnbemhel RB'gdscmatesOthat isat 1/N
. when the sequence length N js shorter, 15 the number of sequences tha
BTG RRR R T R A R
sm ahdr cobsequentiyrwherZthe shaeshiold §s fartmen smaleq the srurgbenpf further

de 4Ea389UeNags JOrming ASRAYENGE 9rauR further oqeﬁw@ﬁfest'e%lép; _tﬁhsequence

nu

randomize the influence of interference, if sequence hopping to switc _
hoppHUBrCe MEEErs 4 PratctePRMES timdtinkdrdd ssinsdapiscanatervals is

ad dpeda aredfawesangidates of sequencs Imkels dahe switehad, (thec switched,
randqomization of inlﬁerfere ce E)}rovides n%efeffect. gﬁ%lS] It is therefore an

the t38GO3P tha HPds8 tliﬂ{/ee#ﬁtgﬁ §DRMILYE SsB8uehdS Hllocating method

[G0th&t cabtredudecerdsscorrelatigadiewfeehe present invention to provide a
sequence allocating method that can reduce cross-correlation between
different sequence groups while maintaining the number of ZC sequences
forming a sequence group that are allocated, in a cellular radio

communication system.

Means for Solving the Problem

[6019] The sequence allocating method of the present invention for
Zadoff-Chu sequences represented by equation 1 in a cellular radio
communication system, includes: a reference setting step of setting a
reference sequence length Nb and a reference sequence number rb; a first
threshold setting step of setting a first threshold based on the sequence
length N; a selecting step of selecting a plurality of Zadoff-Chu
sequences, in which a first difference representing a difference between
rb/Nb and 1/N is equal to or less than the first threshold, from the Zadoff-

Chu sequences generated according to the equation 1; and an allocating
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different sequence groups while maintaining the number of ZC sequences
2F0285tedhaliilg a sequence group that afe allocated, in a cellular radio
communication system. Means for Solving the Problem [0019] The

steﬁegpeﬁl%@élgqﬁgmEnj)tmqgm%prmf@vgmtéprséfe{uéf;)c%@dgﬁr@a%d, to a
sequences represented by equation 1 in a cellular radio communication
Samg it includes: a reference setting step of setting a reference
[00gequeritieclengtioNip ahtl @ refeience seduence sumbervdyddinsthat transmits
hreshold setting step of setting a first threshold.based on the sequence _.
R e S S ot o7 Z bt i T e signal,
em pherercesy irf ighicht ipfirsh alifference reptesenting tacdiffehancedietweehreshold
basEUNR AN, /g eckial to of less thandhe fistihrashpldaframahe Zadoftstation
Chu sequences generated according to the equation 1; and an allocating )
AP PATHBOS6-PCE 7 Stépof Hipdatng i phei&iftiSofizaebtotnt-dequesftesnce. in
wh alectedl tRac same eel-JOR20) /Mg ragio mebile statinn ofdhePrneseNthan the
h in§¥‘e tion that trgns iEIQ' éa%%ff-Chu sequences re reﬁented b¥.e uation 1 .
thre3PQ {4 retENe ' AT B {nTphdy & KIS ioh hakiflg? 8&H ih‘b%s&%tﬁ)%uatmn
1, that gets ecfereshaldsbgsec on aseduance lendth N cignated fremme radiolength
base stati aratus; lecti ion.th lects.a ff-C fpos
N s T oot T/ Bair K s Shal 1o hrlaine
secthan thea thirexhori trdmethe ed 6 i eéfuehees ybratated aiddordiagerence
siglgquation 10 1, using a reference sequence number rb and a reference
sequence length ND signaled from the radio base station apparatus; and )
[00g ﬂansﬁﬁtﬁﬁ@agéﬁii’éHﬁq"aﬁFéH&ﬁi&%B@sé’lé‘&?éé‘*zh‘a‘é?r‘-l@ﬁl? SKHGENRE gsr2dio
motieaefesence sigrak {0020k Tkhe rangrmitting-mathad ghdecpresepiesented by
e 'nygntio Wzbser%b%gf%ar%igcf}SsmOI?“F Sti%tio\g P&ar?hug t;% ?E)nitrsnobile station
I agof-chu sequences represer%e?i by equation 1 as a reference signal,

appaiwhich thecriadie molsilp setion 6amhr$fueméc@i\l’@§ o seqaesguength Nimber
rb QR TEIPTRNGE SeQUenaewrRber R signaled from, e fadio hase saligR: chy

apparatus; selects a Zadoff-Chu sequence, which satisfies a condition
se qmeR acdiffEititde BativdérsrINB Tl ihineretRBtis?a Hfdrdcsefséngen 1b/ND

(wiergthmnd 4N isaeualda of iesscihanng thiesheld asseciajad Mith #i€lcss than
equence length N, using the received sequence length N and the ,

o ROl S LA fChte e Ay TenEtno N, Sing The received

sequence length N and the received reference sequence number rb; and

transmits the selected Zadoff-Chu sequence as the reference signal.

Advantageous Effect of Invention
[0022] According to the present invention, it is possible to reduce cross-
correlation between different groups while maintaining the number of ZC

sequences forming sequence groups.

Brief Description of Drawings
[0023]

FIG.1 is a diagram illustrating cross-correlation characteristics
between ZC sequences in combinations of different sequence numbers,
which are acquired by computer simulation, according to the prior art;

FIG.2 is a diagram illustrating inter-cell interference between
DM-RS’s in a case where specific combinations of ZC sequences that

increase cross-correlation are allocated to adjacent cells, according to the
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transmits the selected Zadoff-Chu sequence as the reference signal. 25
2IF0Ah@REGeous Effect of Invention [08221 According to the present

invention, it is possible to reduce cross- correlation between different
pri@FouRs while maintaining the number of ZC sequences forming sequence

groups, 30 Brief Description of Drawings .[0023] FIG.1 is a diagr )
iIIustraqih%'goég-CBrr Hiet Bhat i‘féﬂﬁféé%e&e@ﬁé‘@%e ertddfiting ZC

se qoembiations afidiffarenh sggrience numbers, which are acquired by

comp simulation, accordi .prior. art; G.2 is a diagra ]
iIIustr?ﬁ%%'i%?gé-cgelﬁiinat fe’%er?cqugte%é%é E)I\ﬂzééé:#ncﬁcggggwf%r%@ sequence
grogipecificceathigativ8 ©PZO Badgiences that increase cross-correlation

are allpggtedlo;adiagent £ells i AGLITdNG %0 he 2k ﬁ@g?@'ﬁ’ 7 8cRUehRE group

FIG.3 is a diagram illustrating a method of allocating ZC sequences )
£e LIRS FENG othEE BHEM&R; ETCUR i€ ATHHERTEN iTisteAgRs FRatHaE ot the prior
art qeTEradingesaaienca pdigroups according to the prior art; FIG.5A is a

diagram jllusirating an example of 8 sequence group generated by a
SoauohE 5 o AN IAeE JULBRIRG tOAE BlirLrt (e ence group
gersaguiedce yrouge &) &G 58risup diggramtilustratirid) adh exampléngf do the prior

A g 19 rated by a sequence group generation method
o b2 tohotige)%riolrﬂ?a??

accordin . _ (ZC sequence group 2); FIG.6 is a diagram
illustrakiHg -& profief 4 thel Pus Hrtithait 2aRses \oHertHd thhssigihp Xt that

ari{e $eb RigherH e nis1a dagramsitiusirating.a problem with the prior art
that 15 arise whenfihp threshold Xth is set high%r using.a detailed,
exampie Bf % sk de &%maﬁ%%&&u&h@e% beti) Eiighsghig grior art that
ariskagraine il uhirating shprab[Enh wikhsthetpgdreart thah @risds wihenitheample of a
threshold Xth i higher, using a detgiled example of a sequence group
G A L ST

ch&dl ggq%ré)nu e group 8is'a Howchart showing the process of a

sequeHd& allBeasiry divetho ihl lusétiulir gadie cobamanicttiohlsy gterar art that
ari @CQNding 1 Embedimeatstaf {0epreset Vel a detailed example of a

sequence group (ZC sequence group 2);

FIG.8 is a flowchart showing the process of a sequence allocating
method in a cellular radio communication system, according to
Embodiment 1 of the present invention;

FI1G.9 is a diagram illustrating a method of setting a threshold in
a sequence allocating method according to Embodiment 1 of the present
invention;

FIG.10A is a diagram illustrating an example of a sequence group
acquired by a sequence allocating method according to Embodiment 1 of
the present invention (ZC sequence group 1);

FIG.10B is a diagram illustrating an example of a sequence group
acquired by a sequence allocating method according to Embodiment 1 of
the present invention (ZC sequence group 2);

FIG.11 is a diagram illustrating a method of setting a threshold
according to a sequence allocating method according to Embodiment 1 of
the present invention;

FIG.12A is a diagram illustrating an example of a sequence group
acquired by a sequence allocating method according to Embodiment 1 of

the present invention (ZC sequence group 1);
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FIG.9 is a diagram illustrating a method of setting a threshold in a
2F08egueade allocating method accordihg to Embodiment 1 of the present
25 invention; FIG.10A is a diagram illustrating an example of a sequence
groupragcauired Ry A spoueRECE BlREAIING Mathed a8GrdiBg I0secquence group
Embodiment 1 of the preﬁent invention &ZC sequence group 1); FI?_.lOB
AcqUICHidAYam TfGRNY AN SkAHDRe Brd %‘&u"‘é‘h%‘érécr‘&gp fqoregardpsyt 1 of
the @ sequencevaliadatin(Zmethaa according:to Embodiment 1 of the present
inventign.(4G seque ro . EIG.11 s a diagram illustratin .
metho Ig)}féegttiirggg ga ﬁ%%%oéé%ﬁgg}dﬁ%&%lﬁ %e%én%%@ﬁ%c@éﬁ%@ne{)tﬁo% radio
basgcetrting woPaisddimentlothhe sesent waitiom 35 Riteareis saccording
to EIRERMISIatNG @R sxample 9f fsaqyENCe group acquired by a
sequence allocating method according to Embodiment 1 of the present
inventdhiP2é d&qt eé‘@rémﬁiy:ﬂzuﬁggoﬁm@dﬁ@ B i anTRididgrsige a ZC
seqiilestating Aamexaspld ©h a seeprliee grRUPFacHUdes by 1@ IeqENEee present
allocating method according to Embodiment 1 of the present invention
%léqUence group 2); FIG.13 is a block diagram showing the
confighifétidrd ofsa satlii® dkbd segstationlappanatushio which gusetjwened a radio
mo@IRPEaliacaled, apearding. Lo kmpediment b ob NG RIESeRt IBYeRt@Npresent
~ FIG.141s a bloc glagram showing the configuration inside a ZC
Invgagietice setting section according to Embodiment 1 of the present
inventjorg; 1&FIGd5 isia blogkediagram shewing e canfiguratienfcarrelation
radio mabile station apparatus according to Embodiment 1 of the present
charf gt £16 AR MMt am Wust2lifd tHE Erosd BaaliaBn accerding  to
Em bbarastaristicodsdestainedt:hy compuiemsimulation according to 15
Emboglipenty2 ol the Pigsenyyenian, IR, 172 fawehart shpwing gy ence
process of a sequence” allocating method Irr a ceflluldr radio
all qophimenioatibn Gyistein Gddolding 261 Embodimerica dpthe psésenaccording to
EmbWENan G A8ds 3 diagram.Nustiaiing a method of generating

sequence 20 groups based on the process of a sequence allocating
metholalgbcl(ﬁd‘i?lgatéhagram illustrating a method of generating sequence

groups based on the process of a sequence allocating method according to

inv

Embodiment 2 of the present invention;

FIG.19A is a diagram illustrating an example of a sequence group
acquired by a sequence allocating method according to Embodiment 2 of
the present invention (ZC sequence group 1);

FIG.19B is a diagram illustrating an example of a sequence group
acquired by a sequence allocating method according to Embodiment 2 of
the present invention (ZC sequence group 8);

FIG.20A is a diagram illustrating an example of a sequence group
acquired when the number of RB’s allowing sequences to be deleted, is
set 10 or greater (ZC sequence group 1); and

FIG.20B is a diagram illustrating an example of a sequence group
acquired when the number of RB’s allowing sequences to be deleted, is

set 10 or greater (ZC sequence group 8).

Best Mode for Carrying Out Invention
[0024] Embodiments of the present invention will be explained below in

detail with reference to the accompanying drawings. Here, in these
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Embodiment 2 of the present invention; FIG.19A is a diagram illustrating
2F0805expiple of a sequence group apguired by a sequence allocating
method according to Embodiment 2 of the present invention (ZC

em%e%@%@r%w@aéﬁ@g&%18@19'@9@&@ ANSURING hEXATR!S O & signed

sequence group acquired by a sequéence allocating method according to
the EpbRdimEres Gtcthe ‘b‘r‘é‘é‘é‘fﬁ lihveéritbn $2erdannéhge Grovks By MEs20Kill be
omistadliagram illustrating an example of a sequence group acquired when

[G()tf' nu%of RB ) alli) ing sequences to be deleted, is 30 set 10 or
sequence Q}N oup 1); and FIG.20B is a diagram illustrating an

exampl&offaisegudneechroup larguired hen the ssumber of RB'sallaNingating
me (GFGWENGES 1P be delated. 15, ¢4 109 ri%%?}ix] rc(% HRCJY QF@rﬁro‘éB&% e to

Best Mode for Carrying Out Invention [0 Em d|me ts of the present
Emipgdimicn il ot @plaissd Heldwantidetail with reference to the

[ 002@ROMPARVING; drawings; kigtaniprikese 2ro§036-PCTLL0 embediments,quence
components providing the same functions will be assigned the same

tenglfe Biied Rt RS4RI SSHME SRR ANBRS A1 BB ciffeEer [dogsperated

seq@Embedlgnempl) 5 HE&:8, ISt&ﬂOWﬁ@aﬁtrﬁi’wV\hﬁgﬁbeIprﬁbeﬁﬁ()(ﬂf@s§©(ﬂdﬁn0ﬁ) the

se al ocatln method in.a celd.llar 1radlo c jcation system according to
YEfbodiment’ of the presentllnventlon 66 First, in step (hereinafter

[00%7T) 101 Sthel feterdrcasediuaneé Rdhgth Wb Eniintiéaléfarérice sequence

[ooRwberybsare 583 forif gane/atedd 18 SRaNENE& 9tURe f16NSt iheh number of

sequence number rb corresponds to the sequence group number and

RBjswar thatfNb. [0629] s Trrddohe huplidrar s éWﬁ@ﬁHﬁlaﬁé@m& INIH be
desl©@QB8HIma3dr 103, the threshold Xth(m) assomated with the number of

100G Be el 0 14 1 LM A e vk T Natebhiangamember

of WRhghe numbter Jf RBisumiscseti ThB nuimb&rof RBis "sehardtkelength N are

um% §”8 JEoetp afer‘P"{;] %'}@?éo%t?g Fo Ffﬂ%mﬂt DS ARINGs 1arger
t tran

er that is larger than Ximum pOSSIbe size 0 sm|SS|on
thagifth eharpymbemoPREPsb1e size of transmission with the number of RB’s,

m, and that is the closest to this size.
[0030] 1In ST 105, the sequence number r is initialized to 1.
[0031] In ST 106, whether or not r and N satisfy following equation 4 is
decided.

|t/N-tb/Nb|=Xth(m) ...(Equation 4)
f0032] Following equation 5 is acquired from equation 4. Given that
equation 4 and equation 5 are equivalent, in ST 106, whether or not r and
N satisfy equation 5 may be decided.

(rb/Nb-Xth(m))xN=r=(rb/Nb+Xth(m))}xN ...(Equation 5)

[0033] 1In ST 106, if r and N are decided to satisfy equation 4 (“YES” in
ST 106), the process of ST 107 is performed.
[0034}] In ST 107, a ZC sequence having a sequence number of r is
determined as one of ZC sequences associated with the number of RB’s m
in the sequence group rb.
[0035] In ST 106, when r and N are decided not to satisfy equation 4
(*NO” in ST 106}, the process of ST 108 is performed.
{0036] In ST 108, whether or not r<N is decided.
[0037] In ST 108, if r<N is decided (“YES” in ST 108), the process of



10

15

20

25

30

35

20 m, and that is the closest to this size. [0030] In ST 105, the sequence
2FoREsAbe1is initialized to 1. [0031] Im$T 106, whether or not r and N satisfy
following equation 4 is decided. jr/N-rb/Nbl=Xth(m) ... (Equation 4) 25
] Follawing equation 5 is acquired from equation 4. Given that
Tl ue . |
S epqguéaztgl%ﬁ)éf%gl e%cgatlon 5 are equivalent, in ST 106, whether or not r and
[00REatisky &dudfibh 3imasciie geeagmber r is incremented by 1 like r=r+1,

an R NBHRE) )N T(rRINDHXtREN))XN ...(Equation 5) [0033] In ST 106, if
rand N are decided to satisfy equation 4 ("YES" in 30 ST 106), the
Jé?}f&: HaginRf ocess

[005rbkeskiopdTI40% idfpefrormied 0EAifF4T(16%0a 22 sdy

of S'BagqUENS® Bumberedf.r is determined as one of ZC sequences

ociated.wit number of RB's m in the, sequence group th. [0035] In
1001 i A0 e ik 0k 8 Sy b IR S e o B s the
ma§imlos), theuprocesshef 8108 is perfidiedi{0036] Inc§T <li08; vehretler b and

corPEORLFN 18 d56IdRAIA034] WL Rl 108 Hf ¢, S IeRIGRA (B WGP

108), the process of 2F08056-PCT 11 ST 109 is performed. [0038] In ST
[004dd, thenseduéhbe alimisellr is iderdarehted oy lika r=1+1 1 @hdte process of
ST progess peenesie ST 106. [0039] In ST 108, if r<N is not decided ("NO" in

ST 108), the process. 5 of ST 110 is_perfarmed. [0040] In ST 110, whether
(003 ot e bdiodl HBAE RFs tHe Ratintlini Vil i@ e R ke

m=RB'$ inthe degpencegreupwbsand SChri€@Sponds to the maximum value of

the tra issi andwidth. [0041] In ST,110, ifmsM i i "YES" in
100 T 0 procean of 20 et 14 ettt Mot (et Ttk A #Pocess
of umbed of RBrEanIEihcremented by one, like m=m+l, and the process

[00D@yesT STr1932(0Q43] |%e%_-gr]a1cgdif§95%i§d%0t [dedd " NO"ANsXthied to a
~ 110), the process of ST 112 is performed. 15 [0044] In ST 112, the
singbh&idted BbienBSGREAp F T ARitReab14 Psifid @il that is, a single

[00asiio base stationeappanatud. [0045kNext the ethedsofsattingtiien) will be
exptrgier?gglqiétrbénpw\/\(l)i”cpﬁferent cases. In above ST 103, it is possible to
use either of following setting method 1 and setting method 2.
[0046] <threshold Xth{(m) setting method 1>

FIG.9 is a diagram illustrating threshold Xth(m) setting method 1
in a sequence allocating method according to the present embodiment.
As shown in FIG.9, the threshold Xth{m) is set smaller when an RB is
greater. For example, as shown in following equation 6, the Xth(m) is
set to decrease by a predetermined value every time the number of RB's m
increases.

Xth(m)=1/(2Nb)-(m-1)x0.0012 ...(Equation 6)

[0047] By setting the threshold Xth(m) in this way, ZC sequences
located near the boundary of adjacent sequence groups have a greater
difference of r/N, so that it is possible to suppress an increase of cross-
correlation. Also, by increasing the threshold Xth{m) associated with a
smaller number of RB’s, it is possible to increase the number of ZC
sequences and maintain it above a predetermined number.
[0048] FIG.10A and FIG.10B illustrate examples of sequence groups
acquired by the sequence allocating methods shown in FIG.8 and FIG.9.
To be more specific, the sequence groups shown in FIG.10A and FIG.10B

are acquired according to the following conditions and process. For
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explained using two different cases. In above ST 103, it is possible to use
2roRiiBgreffollowing setting method 1 afd setting method 2. 20 [0046]
<threshold Xth(m) setting method 1> FIG.9 is a diagram illustrating

threshold Xth(m) setting method 1 in a sequence allocati d.
ox A BTRonAG - et ST RS Shoi v EIa o e rosiBi$ T 101

- NbXi{minid sdtsinaller whien all RB.isNgredferr Eprexartplehasshpwemie length

ass IAUOWIND GEMALQAR G, (e X ISR SELIP deqiease g PIGAGISITHNES: rb=1

value every time the number of RB's m increases. .
COTSEA AR (SN IS L0628 L PRGUATIRE) TO04TF BY skittibetrerocess of ST
Ioztb(;@féﬂ@}déﬁhﬁm IR thigyays e SRAUEeRGEs ﬂﬁ@?’z‘iﬂmﬁﬂ* Uf?IbBUQ%QWEqusin g
adjacent sequence groups have a greater, 30 difference gf r/N,.so that it is
S S Tt en 6 S0 oot ol Sd, 1) ot hspigoence
nuittiethregholdoéthém ) hssodiftedneithte: tsmalter hiNibemaf RB!s¢ifial to or less
ossiblg to inc ber sequences and maintain, it above a
thall p&&eé@éﬁ%ﬁ?ﬁ%&& %c%czltgg‘, §4 %rléé%ro%% Ariall B Sle%roup 1.

predetermine 8] FI and illustrate exam '
ThpfesutiidHeesgrouh$ 195 et linadisy ehe tseguéics aflocatheg ghethods shown in

FIGhayw i HG &and Rits e T REMER SRECificethe $8AHERCEYRHPE, only in
shown in FIG.10A and FIG.IOB are acquired according to the following

setgivh S HREGHOT S HOt SrBBnss P P2 ekBmpie! ¥ generate ZC
[ 00sefuence grolip1ll Siov(imip FGid@AniatBJd10E, Nb=13 and rb=1 are set.
H G;,(th ] iated with, th b
ere, ~ represents tne sequence leng assocCl | € numoper
of RE'L R ot g SR hc AT REL Ll ESReLL ORI L nE Hcthod
2 igequengecgrou hivmbbin Next tihaheamorabngf 8T B1t0Rf the threshbidliment.

As Kdmhassopiied with e nupber Of RIS IS SRIHIING: 30RVE equation&y  4n4
and, in the process of ST 104 to ST 107, the sequence number r that

thrpsdiedd e iy dacee bdriedet Mrdraibs/Rhégehrtd deresdetmarinher of RB’s
thatireshold oath(im} és selected, {0 genahaierZ&r SRBISNCEIHPUX dm P, as shown

. conditions and pracess for generati equence group 2 shown in 10 .
in o RRRTER e hobo H oL ASE E1 Cod 16nEE Gt SF o i ™ is 10,
andsetfing ¢heweference Bétjuencésnambdr tb tor AawST dn [D04th(m) is set to

ld X ti FIG,11 i di illustrati )
1 L SN T 1% 2iont R LA BSSH o5 set o

1/4ad¢brdinghe tthis prasentiampoel thelth (18 NS showii shF G Iwaen two fixed
valtheesheld fer the Rumbes of RBS: NS $&o0@Rted with the number of RB’s

of 10, and the fixed value associated with the sequence lengths N's
associated with the numbers of RB’s equal to or less than 10 is set lower
than the fixed value associated with the sequence lengths N’s associated
with the numbers of RB’s greater than 10.

Xth(m)=1/(2Nb) (in the case of I1=m=10)

Xth(m)=1/(4Nb) (in the case of m=11) ...(Equation 7)
[0050] By setting the threshold Xth(m) in this way, ZC sequences
located near the boundary of adjacent sequence groups have a grater
difference of r/N, so that it is possible to suppress an increase of cross-
correlation. Also, by increasing the threshold Xth(m) associated with the
numbers of RB’s lower than the threshold for the number of RB’s m, it is
possible to increase the number of ZC sequences and maintain it above a
predetermined number.
[0051] FIG.12A and FIG.12B illustrate examples of sequence groups
acquired by the sequence allocating methods shown in FIG.8 and FIG.11.
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threshold Xth(m) is set higher below the threshold for the number of RB's
2FgHE alove the threshold for the number of RB's. For example, as shown
in following equation 7, the threshold for the number of RB's m is 10, and,

if the er of RB's m is equal to, or. lower than 10, Xth(m)s set to 20 .
o T i o ABLIC Floril hah 23, Kin(L) i S rine. the
sequangp. Freps, tHwtireshold tHEA) is slvilcHedIBéiwden twb fieeirence group

1 MAluesadoss dhe seavriFelenalit Y assnriated Wil the BHORYOIRBR ss for

of 10, and the fixed value associated with the sequence lengths N's

ACQEEIIR B B RRATRE HMBERY Bf RS Bgudt i dFedidnan d ofidGet Vi -¢- ZC
seqdfe than the lixed valde assagigtechwithdhewsequgnealengthsNes equation 7,

. associated with the numbers of RB's greater than 10. Xth(m)=1/(2Nb) (i

i e STy SR T ICARRS (1 hELLLE B L) Ao s
[0([8050] By séttinethepthrestold >§1ﬁ(m) indhis wayeZ@ sequenggsa30us that is
prel9gateq pear (e poyndary ofadja %%%?cqugp%ﬁg%' oURG AV & WA on the

difference of /N, so that it is possible to suppress an‘increase of cross-
se Gt PSIatich! 2Habi Yy iRtyEa_thgametiiésBolHOX tHIf) RissTdtatetinfipdiiaent are

alloemberswfiRBs é@\@g@gﬁﬂ@@_the threshold for the number of RB's m, itis
[ ences and maintain it above a

ossible to increase the number of ZC sequ )
W@élre&& hindd rurBaF 0854 . 1 R 1 T B THLERaton of radio
basexampiésmfspgqexmgrmms acquited by tleg sequenge @lipeating allocated,
ac Crggéri\%%sttﬁh&vgn in FIC%ESBanQOIﬂIGmll. 2F08056-PCT 13 To be more

chf.e.Sﬁ er*t. . .
speci e condifions and process for acquiring the sequence groups

[0Gnblvn HFcdiea avd HIE 128 1. ¢ 1RO degjuios gritpor addiZCand  control

sigHeguRiIce 9reuB 2 siffes fromithe gg%qmm& g PrCESSSOR 1 AW INGame cell
the sequence groups shown in FIG.10A and FIG.10B (i.e. ZC 5 sequence

a5 §P3hpPT dAEPCOESqUEREETTRRPE WMy KA EqBEtBA'Y, thfsteagafed data
to eguation fafer thecmethod ®f setting:if thieshald{taim)si [A062] Mextides the
fthe ogerations of a r?dio lt)ﬁls%ﬁ;[ation a%)aratu? thatis present in a cell, b b
Felfg Which §8358H8§ g‘rgrﬁ%s generaflendi bas&d Of the nsceequseen%%eglfoecaﬂﬁ er T
as smethtrtiaccoitingetos thprpresent mmpodivmehtarea 10 dllecatddrwiltbescquence

Ien%)fﬁlaﬁlgdaﬁgoﬁﬁ]a F}gfg'?’ei!?c% bé%‘élku9&?‘8@%?982@4”%”‘%80{%%%% 8f to, for

radio base station apparatus 100, to which sequence groups are

¢ X Hiddated 2 Eccorsiiy o the PreReAP@mbidlimerit0, which will be described

later, via a Dbroadcast channel. The control signal also includes
scheduling information showing the transmission bandwidth including, for
example, the number of RB’s for transmission allocated to radio mobile

station 200 and the sequence length N, and this scheduling information is

[0055] Modulating section 102 modulates the encoded data received as
input from encoding section 101 and ocutputs the modulated signal to RF
(Radio Frequency) transmitting section 103.

[0056] RF transmitting section 103 performs transmission processing
such as A/D conversion, up-conversion and amplification on the
modulated signal received as input from modulating section 102, and
transmits the signal subjected to transmission processing via antenna 104,
[0057] RF receiving section 105 performs reception processing such as
down-conversion and A/D conversion on a signal received via antenna
104, and outputs the signal subjected to reception processing to

demultiplexing section 106.
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[0054] Encoding section 101 encodes transmission data and control 15
sroRigabler-a radio mobile station appgayatus that is present in the same cell
as that of radio base station apparatus 100, and outputs the encoded data

odulating section 102. Here ontrol signal includes the reference
100G e TSRS e the Ferhrd o SR AL oh oo, Bcaqgarved s
in pwitH thensdfiiereee roup nentben, 46 the treferande sequence 20 ledgth signal

and\BANIIN&] ﬁ?e[ﬁ”%%ﬁﬁ%em@ RUFRbEr (R agﬁgggrpsﬂ@itf?ﬁ’fo(ﬁ)ﬂ’screte Fourier

example, radio mobile station apparatus 200, Which will be described
Traptde ik astroatBasPéhanrler e Eoritts| dighalsdsbahandesosdrebiniigg al to
D Fipfesmatign shwwing the transmission bandwidth including, for example,

the num of RB!s for transmission allocated to radio mobhile 25 station .
003 AL S5 0ihoe Wi K0 S0 s Qb ettt QBFhAaf e ence signal
rectransinitied io padiofimobiledstatidni apparafus 200 via a comtroh thaandhequency

0055] Modulating secti dulates-the_encoded data received as., .
o e R BT e e i) pts  the
tra {REWH6 Ffoglianici) teah dpitting sediiars 103.530j0056] REtearsmitifgetion 109

in SREHAR 103 parierms {ransmispipn processing such as A/D conversion,
[Oglg)-conversion and amplification on the madulated signal received as
|

Blit frdrf FRdEdIafint BeiBg 1925 UAG dHmits PSR subibbtetrBarping
se clransMissipndakddessingeds antennd, 108 Ff00ssd idmreceivinghgegtigivocessing

sectopnPeTormed eﬁ%pf'oﬁ% processind such as, 35, é’gnfg‘é’“ét’ﬁésf{%%iaﬂgs’é’ on the
conversion on a signal réceived via antenna , and outputs the signa
refsubpacted go 2éoeption @locessingt tor adenukiplexing sectidi. 106.

[00%_59805%%’_§Hd€p4‘i 1Q058] Demultipdexing, $eelien 106.demuliplgxes & cy band

signal received as input from RF receiving secfion 105 into a reference
ref g e askasigndl caher doAtrdisighiafr eatpits the sétdpahdddigRalib Dieniucnce

corfRissrateineurier firansianvisgciion 10/mndgautpuisithe.data sighwiandtation
___control sjgnal to 5 DFT section 114. [005 ]ing section 107 transfqrms .
IPRALY ML tothal? PefitEnEE diRat Yadsitat 4 insatrancaefuttisisking section

11Gection 106 into a frequency domain signal by performing DFT

O e S 08 10 et Sup TRl MR Seauences
usqd060] CHhitneh@dtintathigidesticrn pesasusviddwithagemhappinthe reference
sequence length Nb, the reference sequence number rb and the number of
RB’s assigned to each radio mobile station apparatus 200, which are
included in control information received as input, and outputs the results
to dividing section 110. Here, the internal configuration and operations
of ZC sequence setting section 1000 will be described later,

[0063] Dividing section 110 divides the ZC sequences corresponding to
each radio mobile station apparatus 200, calculated in ZC sequence
setting section 1000, by the ZC sequences actwally used in each radio
mobile station apparatus 200 and received as input from demapping
section 109, and outputs the division result to IFFT (Inverse Fast Fourier
Transform) section 111.

[0064] IFFT section 111 performs IFFT processing on the division result
received as input from dividing section 110, and outputs the signal
subjected to IFFT processing to mask processing section 112.

[6065] Mask processing section 112 extracts the correlation value in the

region in which the correlation value of the desired cyclic shift sequence
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section 109, dividing section 110, IFFT section 111, mask processing
2108B86H 412 and DFT section 113, ap estimates the channel based on
the reference signal received as input from DFT section 107. 15 [0061]
. Demapping section 109 extracts, from the.frequency band reference
'S BYETET ockldbet i FLe i B SERAT Y U qiibfcs maow part. by
peréormspgnding ko phe ¢rassnissionthand igiredchsadio edobite stationfrom I1FFT
secPRIAA riul.uls, 2004 ang QQUQW%%Q%%%%&%%%%%gqtﬁl.ilkaijn&p section
section 110. 20 [0062] ZC sequence setting section 1000 calculates the
3¢ sequences used in radio mobile station apparatuses 200, based on

[00he]refgsences sedeancel length Mbnibe mafarepes &aAURBCR RUMREdBrrelation

1and the number of RB's assigned to each radio mobile statign apparatus
valB8d Sttt 48 S inBRIYed M IRAST iRCH N FelBffdah ?r?pu‘l', gutputs the
coroelptitsithes rdaultss2h jo cividing sarian pkdddesenthetimtefnaduency domain

cqnfiguration. a %op ions, of ZC sequence, setting sectign will be .
< BT inng e e RS OE Y gl M essine
outpurirashdndingldd’ Bacre rlio ;Inhdbike pratiom bpphratus QOOT ealcakred sis of the
cha#4GSequence setting section 1000, by the ZC sequences actually used in

each radio 30 mobile station apparatus 200 and received as input from

[004dmhapPiid sctidRn0b! Antr 8BESGE e diisidi festit s iBFf{lAvarigaal and
cornftast kogiier reenisfeamssestan 1ddm[QQG4ALIFRT settion dddi periamsSinto the
¢ IFFT(procl%?sin on the divisgon result ﬁﬁjved as input from digidin b
TELBEHGN 1 ,Igr%dnouPﬁﬁtsptﬁre (s}lrgi?llalfg% subjecPer(?foe?ﬂﬂllgpro%% singiguts the
tramséskmroGessing seotion 1dem[0065]dMesk pigredsimpdeciom b2 signal to

derﬁ%?ﬁ?ﬁ%tg‘é&‘?ﬁrﬁ'?tﬂn value in the region in which the correlation value
of the désired cyclic shift sequence 2F08056-PCT 15 is present, that is,

[00&&tactdrrE 2R ENRIOTEFAIQE inlthe WikEW Sarthly Fedormhiiimagid  control

si g REQCESSHRY it §iaaal KeceiyrRenass bW FRRUIGE e axactianiblh e station
outputs the exiracted ,corrﬁ'lation v,alugg to DFT section 113, 5[0066] DFT

IPRAHAISN T1F peiiBns 18R protEsstfg obt e RBkrdkBnNalua tebdved 14, and

outgs inpuh froox maskedrociessiny sectioadkileh andduipuits theuadiraldtion section
alue subjected to DFT processing to frequency domain equalization
section 116. Here, the signal subjected to DFT processing outputted from
[00BET sdttipneng yralsrawdnts e tiegiianty esdponskldf frigforms equalization

processing on the data signal and control signal received as input from
demapping section 115, using a signal which is received as input from
DFT section 113 in channel estimating section 108 and which represents
the frequency response of the channel, and outputs the signals subjected
to equalization processing to IFFT section 117.

[6070] IFFT section 117 performs IFFT processing on the data signal
and control signal received as input from frequency domain equalization
section 116, and outputs the signals subjected to IFFT processing to
demodulating section 118.

[0071] Demodulating section 118 performs demodulation processing on
the signals subjected to IFFT processing received as input from IFFT
section 117, and outputs the signals subjected to demodulation processing
to decoding section 119.

f0072] Decoding section 119 performs decoding processing on the
signals subjected to demodulation processing received as input from

demodulating section 118, and extracts received data.
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10 channel. [0067] DFT section 114 transforms the time domain data
2ro8ignRaband control signal received ag;input from demultiplexing section
106, into the frequency domain by performing DFT processing, and

ut ansfor d freguenc ain.dat nal and_control si na
[00%3‘?5 a%elran;ealpplng sergti?on lil a[% ] ggmappﬁne}g%%ctloifnﬁ‘g&tra t% ¢ ZC
se qdatacsigedl argl coritroh digA&l corresponding to the transmission band of

oo%qh ragiQ opIeStating ,aPRAAIUS 200 frompsignals eaeived @8d" Ryt eshold

from DFT section 114, and outputs the extracted signals to frequency
X thf v afrs et atich %féi%ﬁéne%aﬂ%n [6089] HHEAtHLY dothilg the number of

R Begualizationi saction: 3 46-perfarmmenualizalioni peacessing o weddai@puts the
nal and control signal received as input fro pping section 115,
resi i bE

r{ﬁ e?%?glh%ﬂ?/\?hfbﬁ fEc&iiéd aas:[mﬁuﬁrcorlr? ection 113 in channel
[00&stimatiryy: gacticre 108uambewhich represeants 25 thofrequedty respansees the

d opt lj
e TR o GBS S Pl S, e

sigprdcesaing opnththdarisigial ahdidéritransigifdiidedivad enifistt fipfrrmation

recRAUENLY ain eghializatign geqiien 116, and putpatsdh L?égl%ls enerating
subjected to IFFT processing to 30 demodulatln% section 118. [0071

secHahddlt4ing 2d&fort 49855 B AEMEAL FAHE B%é@&éfﬁ& Qgecalculates
theS@fﬁﬁiﬁﬁUbj@@IﬁfbhllEFdT pjozessmglrwewetd:as tputfromskxF Rssectiofitrence

nd outputs, the s Is subjected to d mo lat jprocessin
Slga%g’ogmg %L(Je(c? oﬁhflg lgiaﬂ? ]glfgcoélng sec %ﬁ ﬂ’g pgrf{)errr?sf%?acogeauence
numphsgesbingnon the sw@naﬁasasgbmedngﬁdémwaﬁﬁh protedsihgine¢bivetbntrol

infESHDRYS frqm cgﬁmedyéamfg wgeclion #18.andeiack ieaalyed dalded as input
2F08056-PCT 16 [0073] FIG.14 is a block diagram showing the

ffoanﬁbﬂ?éﬁ@rllqnsﬁé‘z@a‘s‘é‘@ueﬁ%t%ﬁlné%&loﬁIi@od)‘[é?)‘??ﬁ THresHGgult to
pa&@mﬁlﬂgﬁgﬁmlﬁ@%@@i@lﬂaﬁ@@}e threshold Xth(m) according to

uation 6 or.equation.7, usm the n é) rof 5RB'sm |nc ded j ,
et e P A AT A e L B
recnumldermlmjatmgmlmqﬁeﬂcEOOﬁﬁilBequemhalrhmmbgrEaiﬂudatlnlg[)oz, and
0uts%gtéoﬁxjeog)gs%eﬂc"f@t%%trbee vence generating section 1004. To be more

p q
specific, parameter determining section 1003 selects r corresponding to
the remainder acquired by dividing the frame number or slot number by
the number of usable 1’s, that is, corresponding to the result of
performing a modulo operation of the frame number or slot number by the

number of usable r’s. For example, upon receiving as input four usable
r’s of r=a, b, ¢ and d from sequence number calculating section 1002,
parameter determining section 1003 selects r=a when a result of
performing a modulo operation on the frame number or slot number by 4
is 0, selects r=b when the result is 1, selects r=c when the result is 2, and

selects r=d when the result is 3. By this means, it is possible to realize

- sequence hopping.

[0077] ZC sequence generating section 1004 generates a ZC sequence

LE >

according to equation 1 or equation 2, using received as input from
parameter determining section 1003 and “N” received as input from
sequence number calculating section 1002, and outputs the result to
dividing section 110.

[0078] As described above, radio base station apparatus 100 signals the
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sequence length N of a ZC sequence that can be used as a reference
rrosigRahdased on the number of RB'$-m included in control information 10
received as input, and outputs the result to ZC sequence generating

rerSESHON 1004 Also,seguence nypber alcaling seclon 1908 clclgtes, o ihe
%flwe sequeﬂce numberr of a ZC seguence ?hat can‘i)e used-as % reference
nushygrah bt ondhre daicuiated sedutnce dpmgtheNi thidfdference

[00Sequenee, NUMPEILIoRRM e telerence sequenee lepath Np indludedity 4 zc

the control 15 information received as |r_£fut, and the threshold Xth(m)
sequEcaifel Hlifgul fotRTERESnSIE tal RNy SsE& M)A T60, WHA 8 Ukpitsafrcnce

segiesucto pametel deterpning secioquldis: [0YSlPaBnai@rthe number of
determin ction 1003 selects one of usable is received as input from

ing se
RB (S SRR BB CAMER AR SSIAIAR™ 08B AAAH 50 Bltputs the result to
[00ZC]seduendes generatirig sectiong106. sk ba meorehspecifi] paratheterof radio
termini ectio S ST onding to, the r inde .
mo e e e g diment.
Heigsable FEGtHat ist icbrresgontingg 16 sHateadilt ofd perfofrhing & mbdwoapparatus

20°PRaNaton ofthedrame number Qlsink ﬂ%‘%%‘s@%ﬁh%@ﬁi@%@?%@ U808,
's. For example, upan receiving as input four usable is of r=a, b, ¢ and d

r's. F r _ .
(0084t sdfubHze nunbBrLalcifatily SE8HGT £60% t HammetitetHitiRgo Y ided
in segiionbk0R3 selecis rag pdrama rasuit of Pedotuing:a medulosoperation 1000

on the frame number. or slot number by 4 is O,%E(%ect r=h when t esult
pro e O B o e A LA B, ffuenee
basgdBynthibenadns cit ¢s possitsiado reatide rsebudheetihdpping (68 UTcACe length

Nb SEAHERCe ARASALING $e640NT Q¢ I9NArIeSB ACoiCAHRNG . ASHP 1INk mitted

to equation 1 or equation 2, using "r" received as input from parameter )
frofedetfiming Seciidh 2O0RRRT BN edfretitd MpERHSnt18S Eedfiénte mapping
sechgnbes calculating section 1002, and outputs the result to dividing

. tion 110. [0078] As. described above, radjp base station apparatus 100 .
100 i BEOBOREBET £ oiBIBASe Mo HHBE T e €0 55 input
froref@rénce@equance fengihshibt and tHE) ihumbeh of tRBis pidsEdio mobideot radio

) 0 Cradi 9 . ;
mo e R 20 b PR SRR B Pluence 1o
IF Felsiariéen Usidg the reference 5 sequence number rb, the reference

[o03eAuengsriength INDan@ $he HUMRRS OfFFT processing on the ZC sequence
received as input from mapping section 201, and outputs the ZC sequence
subjected to IFFT processing to RF transmitting section 203,

[0084] RF transmitting section 203 performs fransmission processing
such as D/A conversion, up-conversion and amplification on the ZC
sequence received as input from IFFT section 202, and fransmits the
signal subjected to transmission processing, via antenna 204.

[0085] Thus, according to the present embodiment, when the number of
RB’s increases, that is, when the ZC sequence length N is longer, a
sequence group is generated using sequences that make the difference
between /N and rb/Nb smaller, and allocated to the single cell. By this
means, it is possible to maintain a predetermined number of sequences in
each RB while reducing cross-correlation between different sequence
groups, thereby reducing inter-cell interference.

[0086] Also, although an example case has been described above with

the present embodiment where the sequence length of one RB is used as
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RB's signaled from radio base station apparatus 100. [0080] FIG.15 is a
2FoRterkeiagram showing the configuragjon of radio mobile station apparatus
200 according to the present embodiment. Here, in FIG.15, the receiving

' ile stati t 0 wil ' the .
e SIET LG TR Pl RGP 400 LIS CUEA, D05 5 o
limgdeed elfcd listirig eétion 10D pFsviRless il eadio basetsatior eppetatgsquence

1en£00. 46 SEHERGE wettipg seqtian 1RO0Q Jrievidad in Jadi mebg Sttt o5t ZC

apparatus 200 calculates a ZC sequence based on the reference

se quifsicd HERiBEr b SHE 380e T EE SEGuSR LS Ren it 155 RS ShectneC sequence
hasntinebeywt RBCsavdnetudetkincontrolhinfenpatian transmigiesh romiadieference

base station ratus 100, and outpyts the result to mapping, sgction
S TG DI I Lo AL Nl HE DG SEgENE T e yei gt mber of
R Birmputs rdmiZ @ seguience seitingssettion Q@G it tye trardmissioh bamd obf the

podflle 2@ mobile jai _?‘ppﬁgt}iﬁg%egﬂaoﬂt%t%‘}%@? it to reduce
sequence to IFFT section 202. [0083] IFFT section 202 pertorms IFFT

intgioeeldsifgeeheta! 2€ sequence received as input from mapping section
100204, andi outpuisdhe-7G KadUBRER BHRIeed toURET Pracessing: i IRFpossible

transmitting section 203. 25 [0084] RF transmitting section 203 performs
(0 YR RGiOh G CBR LT EC Bk SU ErSiih b b rBIb i Scauence

groarpplificpdion o theeAGc sequenceciéceived ascimpet frdno tREaseetionwhen the

transmits the. signal ject ansmission processing,, Vi .
e e eV R QU HEA R (UCIRT SEOUAMPEenath (et is the
clogrshumbePdf BRBS increegesigratlien atierrthe €. segtentd tehgith nine

RBi%[Orlgers@t %%ql{ﬁ@C%QfQi»@niéeg%@fé@QHSif}Q} guepses tli‘tat{_@akﬁ%égﬁ)le to
difference between r/N and rb/Nb smaller, and allocated to the single cell.

gensgahts H0SarfsCit FCPBESIBRS td TRANRIR G Prdtictertlited furhifiPoft Sequence
lengeguencas)in sachiRB whili regugingl erass-celeajationbeivran difterefiuence

sequence 35 groups, thereby reducing inter-cell interference. [Q086] Also,
S e R e e hrdenrate 100
diféembodiseemtenbergihemsequence length of one RB is used as

[00%%‘380%509%%%?@%%%5@9&%%%'%’%_%%‘r[‘étw ot 0Lt the gresent

B;;—:‘sent invention is not limited to this, and it is equally possible to set th
cm pfdighent gL cal fe gt R a8 Aphiel§C EBE BLEMPIES W4kigdntith a larger

nuPdeRIUDFtIeL 'AMONAS  4E6d by setting the threshold Xth(m) smaller when
the number of RB’s is larger. However, the present invention is not
limited to this, and it is equally possible to find predetermined ZC
sequences arranged in ascending order of the difference between /N and
rb/Nb, and form a sequence group. That is, ZC sequences that make the
difference between r/N and rb/Nb smaller are preferentially selected until
the number of ZC sequences reaches a predetermined number. If the
sequences are arranged based on the magnitude of r/N, the interval
between sequences is 1/N, and the interval between sequences is smaller
when an RB is larger (i.e. N is larger). Therefore, by the process of
limiting the number of sequences, it is possible to provide the same effect
as provided in the process of making the threshold Xth (m) smaller when
an RB is larger. That is, even if sequence groups are generated in the
above way, it is equally possible to provide an effect of reducing cross-
correlation between sequence groups.

{0089] Also, an example case has been described above with the present
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sequences forming a certain sequence group, the reference ZC sequence
2rO8dws g lowest cross-correlation with other sequence groups, the
reference sequence length Nb is the sequence length associated with the

emﬂ?gﬁi@ﬁém @ﬁé%‘sc%%i?e%éﬁgi?c@‘%@ éﬁ?&‘@’lé&gﬂ{a% iE'i a?gH qﬁjg‘ran radio

of the poorest received quality. By this means, it IS further possible to ,
basediat Jatameal Mtsrféfdhds. 10dboarphiss, shaicalnaresmnfurieftorith an

assBYS{EMH At imadually pessiblec to s&f the Rferengerseapense;lengibiMRen cells.
- based on the number of sequence groups re_(g(led to reduce inte%-cell ¢
OMrfdrehte. BB ERAMPIE WHER the"AlmYBE BFsdguitice Giipd!l @ reference
segreguied a0, e sdgueinceclengtivthal is hee cledest td1300s thiat is;mined in
sequence length of 109, associated with pine 15 RB's, is.set as the .
S AR ISt I 11 HosSbie 1 Hanerbte 108 261711y possible

to seaendes from aine RB's tHiratis f énom ce sequehee @hgﬂﬁdm@%wma@f the
refilisRAsSe jeseledh Phhreference SpOUGRGR bRYNAS 1RO 10/ sequence

reference sequence number s and generate 100 different sequence
lengfdigpt 0 HOEEIAK28F0S AR le ¢se'hat bder Ud2eribdt abbve difive the
re fH1e Presend vembodinent Where e phnberakACesaquences agsaciated

ith a larger number of RB's is limited by setting the threshold Xth(
L0 AN ShE REMBLE SPATLS RIG HOREU B BYEstit D e present
embwéhti@mis\nbtﬂhnﬁequenhslamdlltds exp.]gliyl:pﬁsgib@t@iihld 1002 calculates
thepﬁ%‘i%tﬁer@%lg{%%z?u%ﬁ%?’}cﬁ%i%rgnd Oqé@ear%%e&d PARLOL G ber 1b, the

difference between r/N and rb/Nb, rm a sequence group. That is,
reforegeguesiteanthat siagthhebdiffetetite batben AN BRY fbiub skamegver, the

pre@r&ldpreifﬁ{?%ﬁhtigﬂﬂ seéecml;? lrllﬂﬂhihﬁim&@b%ﬁ,zcﬁ@@géi%nc%grﬁﬁiﬁ%@ station
redetermined numper. If the sequences are arrange Se n e
DA ARE (R Re RIS DSHHKER SHERERLKE IS DR M thee sequence

granieyvah betwden ISBGUENAea isisinBliet OBhen ah RBdg langet (zeodpis shown in

FI .%&-.Thfrﬁﬁ%i?lgﬁ tfl';‘r? Pﬁ%c%é%?f?'m'é@%g‘esglﬂgﬁégnsﬁ% ANCe1dutating
iS poss%?e to provide the same effect as provite he process of

seqiiaking@he threghotd otthem)tbmalier sk gn B ¢s targdre Thabis, bvening up

thelf SQAUFBCE IRHPS.AIE PRNGHIANL the @?t@?ﬁl‘{%i’ﬁ%yt_ﬂéss%q]‘{?é%e number r

_possible to provide an effect of reducing cross- correfation between i
us 188U glaldss [0B8Y] Aso, rPéxEmifie ek has bERR destimidg, With an
as sakepei withding present 2HQ8086-RG T hBeembadimentyvheraihed, tables are

prcrgg(%reeyc?osregggn%%l)en g}a’\rlr?esfl rnsal% frgeraéaegllge length N and reference
sequence number rb, and selectable r’s are described therein. Imn this
example, radio mobile station apparatus 100 receives the sequence length
N and reference sequence number rb signaled from radio base station
apparatus 200, refers to the tables associated with these items and
determines a Zadoff-Chu sequence that should be used as a reference
signal by selecting in a random manner one of the described values that r
might assume.

[0091] Also, an example case has been described above with the present
embodiment where parameter determining section 1003 selects one of
usable sequence numbers r’s based on the frame number or slot number.
However, the present invention is not limited to this, and parameter
determining section 1003 may select the minimum or maximum sequence

number from usable sequence number r’s.
[6092] (Embodiment 2)
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base station apparatus 100 to radio mobile station apparatus 200, with an
2F08esHmption that the reference sequegce length Nb varies between cells.
However, the present invention is not limited to this, and, if a reference 5
sequence length Nb that,is cammon b en all cells is det mig in 5
ant S o B e E S hBC e 2 of
the dpternine In veivtinge thebeserbrive ibmmoos RBIstipkttiad of thigacteristic of

7.C "6leeDRe SGIUENGS A8ATHY R 1T PERYBNGS 9T BB 'S A6l SGAUSREE inventors.

ngths are uniquely associated, so that it is possible to derive the 10

le / j ‘
[00fdrenceldéduehcelfendth NEB38iRThe iEkfeReE RamBBEof REPSS[S696F ation

chaflsacafs example caseiasbeensdeserhesiabave yvith dherpresatation by the

embodiment where sequence number calculating section 1002 calculates
preﬁ,]ent InVentors, .
e usablé sequence number r using the reference sequence number rb,

[00thé] refhreﬁctéi;h@uehceﬂmgtb.mhmihgmmmrdﬁms rdiﬂem, of /N
betwge]r? Qrésg%mavﬁg&orbks @%M‘éﬁ‘?{j Watmsfn%"ﬂ’ IIl r%%g% ﬁ%ﬁgtﬁ?t@p different

apparatus 100 and radio mobile station apparatus 200 e sequence
seqgrp’ deswhtin RGH GAciE IS IbB Bisthecssqaente Ghsuss ehowatipelation

chaff{etb2fvard FIgs12Rol thenfarmofi ieblgsi sequansecnbar ealcWatiRgen zC
section 1002§§%ﬁcalculate the ysable sequence number r by looking up

SCqPFHESe (ibIdE G SXampid MRIABEP St dHBASIMHG the SequEHiE Rlinfgr ence
lenp thsing t_be&,etthblmwitl-beﬂxp)taihﬁd bemtdw‘rommpleemdmam the largest,
andSEMRION that the refefencgisequanee lgnath NRJs fixed, 1abIES G ween zc
ﬁrepare§ for the two parameters of sequence Iengtl% N and reference
seqeequaricef aumber rip &g selddtabld s atbalestriped theeditiimthie2geen ZC

seq@afEple, 2digimeble SIAHIONAPRIINS FLRJGARIMES the SEAYERCR: sequence
length N and reference sequence number rb signaled from radio base

len gidtiohn affiiratuy B, ettt 150 tanfis"ASE dRi&t&r WithPthkse items
[0031] detemings guéadeff-Ghw setuencenthaihoulddeg died asba the present
eference, signal by selecting ip a randgm manner_ one of the described
em bR ke 74 idhessim (GOSITAILS ah dembid BSLS halBbefpakes @
dif tlesoribeddbolie Withnhe lpreseftremizodiientwhene pacdosetero 0.5, from a
Seqql%tg@i ing, section 1003 selects one of usable sequence numbers is
based on the frame number or slot number. However, the present

[00R0dntiohlfs rot likited BaMishand peraming 35 eeitfinfity séctid 100guence
alldRaYiselest dheominimane Q1 Maxifmc A4 REEn RUMBEr oM dsabiRording to

thesepqr%%ré%% ngggggggé{gggz] ](JEE:TE,OdiirTe{]}}ez)process in FIG.17, the same
process as in FIG.8 will be omitted.
[0097] In ST 201, as an existing sequence group, a sequence group
formed with ZC sequences, in which the difference between /N and rb/Nb
is equal to or less than 1/26 regardless of the number of RB’s, is inputted.
[0098] In ST 202, according to following equation 8, the threshold
Xth2(m) is set in a case where the number of RB’s is m. That is,
Xth2(m) is set higher by a predetermined value every time the number of
RB’s increases.
Xth2(m)=(m-1)x0.0012 ...(Equation 8)

[0099] In ST 203, whether or not r and N satisfy following equation 9 is
decided.

ljr/N-rb/Nb|-0.5{=Xth2(m) ...(Equation 9)
{0100] 1In ST 2063, if r and N are decided to satisfy equation 9 (*YES” in
ST 203), the process of ST 204 is performed.
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2F08056-PCT 20 The sequence allocating method according to
rFokmBogingent 2 of the present inventipn is based on the cross-correlation
characteristic of ZC sequence ascertained by computer simulation by the
[0 1BrfienfﬂnWFa@4,[%9%3]2%%%Sd%§§la95%mnlgu§t@§ng _I'S}'(]ie ence number is
cross-correlation 5 characteristic o sequence ascertaine Llby
deleprdplite psithal &80 AtbYaHE Preseat Fvamorsp [00od]im FIG26 the
[0 1horjzortal axis represents the difigrence et tNihetwsendG %%9“@%1% Rfion 9
.JHifferent transmission bandwidths or different sequence lengths, and the
"NfrticBI Akis EpresBAtE tRECTO- Cotréiffols RPEharatEdristic. As shown
[0 101G .E6GI tBeiditfede nge-of ONsetween: ZC nsedurhedsafidifferant sequence
mtrarslsm(i:scs(i)og .l:lgland{v(\)/idttpg or digfeer%ntC)%equnce Iengths islp.
BT8R0 sCorrelation b&ween & sesquenCes B tl%%qllzi?gé:set, 4n
Flgifférence of ON is 0.5, the cross-correlation between ZC sequences
foxms a peakThat is rogs- lation, bet 5 n fi
O e b s Bt s seihae e aditne 4
refGIREs thé Hiftsiehite BRINSKPEBsET the0 5 JOBYS | rhe SEYflBACE HbeAfRgErOuP

inp@ﬁtélpfi’@@prg@ﬁ. to tmir@ceﬁ?m th@dirf@%&fm@ﬁﬁ%%@soz@@zagm&ces in

a sequence that makes a rence o from the reference

wh B o B 5 © B HERh A 130 S Brobr B TOBBOR G 1€ 40 0-5, for

ex dfowichariisheviinghthehprocgss di ther seguerna yvallogating: methach jrea of  (0.5-
lulay radio igation syst cording.to ent _

XtIilg‘fidné)%o?gim?Elegnt.(I%—)Icggﬂg,3{::t'lﬁllt%%};n;gdcessg“:%\1 %fgglvg?thélsﬁn@q geg’celsns a%l fn Seauence

all et Brgilsd Topeiiteeek 2% {0897} IFhSTP2O3s Bk e BRidting Bbqdéncs greuses, in

wh FeREENENEE GroMp foppad aith 7§ saawences invhich hedifefeacq ithin the
between r/N and rb/Nb is equal to or less than 1/26 regardless of the

rangGriver(GF KRB hig (Rt (Foogst th & mode, Mecdttrbed fainge existing

se gequation: 8o the treshpyd tXih2(m)is setin acase wher thebptwber ofequence
RB's is m. That is, 30 X{h2(m) is set higher by a predetermiped,value .

2108 Ry Fime T8 R hber 01 B ETSAEE Mo TG 00Rs. vetting the

threstiaguatidnhg) [0099inl BT 208gwhetkenommier arfd RS atisfie follewirsy and by

red%%li'ﬂgo@h%i%lﬁﬁ%@?%ﬁ%gg%ﬁtyggbjf&pe]tze&h%ﬁ@)nu&ﬁ%@%qn@23 sequences
deleted from a sequence group is limited.
[0105] FIG.19A and FIG.19B illustrate examples of sequence groups

acquired by the sequence allocating method according to the present

%,ﬁ’%ﬁeg method in

embodiment. To be more specific, the sequence groups shown in
FIG.19A and FIG.19B (ZC sequence group 1 and ZC sequence group 8)
are acquired according to the following conditions and process. For
example, to generate ZC sequence group 1 shown in FIG.19A, in ST 101,
the reference sequence length Nb is set to 13, and the reference sequence
number rb is set to 1. Here, an existing sequence group is comprised of
sequences in which the difference from rb/Nb is equal to or less than
1/26, regardless of the number of RB’s. In ST 202, using equation 8, the
threshold Xth2({m) associated with the number of RB’s is set, and a ZC
sequence that satisfies equation 9 in ST 204 is deleted from the existing
sequence group.

[0106] Thus, according to the present embodiment, upon generating
sequence groups, the threshold Xth2(m) is set smaller when the number of

RB’s is smaller, and a ZC sequence, in which the difference between 1/N
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[0100] In ST 203, if r and N are decided to satisfy equation 9 ("YES" in ST
210R05).thg process of ST 204 is perfarmed. 2F08056-PCT 21 [0101] In ST
204 the ZC sequence having r as a sequence number is deleted from the

seguence group inp! tted in ST, ntr ()
aﬂidare gdggi Aot O gétlsfyéeq%a %n % (Iéoﬁ;l EQ‘LEI?]Z‘B% E?o‘(s:e*‘s%% o?’ é\‘qj))
delq@é@éﬂ&ﬁwéél&[@%&?%@|gla)dﬂagraﬂﬁbilldstﬁam@a&rneth@dmfsSlb1e to

red9@@‘3@9ner%%qU@@P&lQE@HHS&%%‘éW%Bg@@n‘?!@ CeRPuYNEnSeIUBIERs inter-
allocating method in_FIG. 17. [0104] In FIG.18 groupXrepresentsa

celletjiéntet gsisp iNdidingr41 Péﬂé‘ﬁé’e §8€|uéﬁb’§‘b§r¥d Bfolis YiEesedty ming
seqae@@sgm@eguence group 10 inputted in ST 201. Here, the hatched

on presents ZCs uence hlcht edn‘f rence between /
0 A B L S0 TS ool Wich BR8N Srdrdhgabresen
emlsta;asnﬂmhwammgesﬁq@ﬁ&c}ét@@up m@@ﬁmxmgﬁ)x@sshomqms in which

theF f%@rérﬁé'ée geaenge alpcaling F‘%?f@[?d fAcc é‘&'Qg h@rprf‘e%%mthag 1/26,

odiment, ZC sequences, in 15 which the d| rence between r/N an
regaﬁmﬁiﬁ UMK StEPhERNRT tHEBrangEs of {0 BLIQA2AR) Pt @X5$HHD(RRpLEence

groai gelgtedxpom thg existing, Qﬁquﬁﬂé%%ohlﬁv\énﬁyot]li\@m@ﬂ%mlted to this,
crgss-correlation between sequence groups is reduced. Also, according

andy, HautioRi B! Y e NG iR Cthi@shBld Wi B(m$ SIS SwhBPtHe riffgared in
EmbbBBxSedecIeaseslamihyﬁ@ sedueingehe aumber of sequences deleted,

erof sequence delet d from seayence groy is li
101 R S S T B e gy SRp b BEve wien
theapqgﬂemt bym@sﬁqmteﬁtlmtmgzﬁetmdmg toviHe préBendifference

bet@f@@f?d'm?ﬁt dibe:B1oie Spesific. thesgguence gy Séﬁow%%m%m)) to
FIG.19A and FIG.1.9B (ZC sedquence group 1 and ZC sequence group

(0-¢edBaiifd -adtoflfil £ tHESBH AN G dshtiforis AR B85S URor the pre%ent

invexaoplasta generaiecdC sequencmaroupit showin i blésdi®Ae incSTulber add
the refere §1 enceie gth Nb is set to 13, and the reference

congugtieh bt s 66t 71 U581 San @it S IACe BFSTR ignd delete

uence Yu
onlgomlsedccafs%ssecmemeswnt\lvhihh the gifferenoé fROAT sbiNlo ad equakt@reater

thaflf 'Eﬁ&'&%@t&(ﬁ%ﬂ@@a@ﬁ% ofghe %LJJ“I% 19 RE: '”§&2ﬁﬁs“%ns it is

equation 8, the threshold Xth2(m) associa ed with'the number of RB's is
possaplanda z@‘semhe%& it Earisties Egeaishedl infg thaoamgldeletegmbers of

RBHOMIRSEXStiNG  deleted cxcessively and limit the number of ZC
sequences deleted.

[0109] FIG.20A and FIG.20B show examples of sequence groups
acquired when the number of RB’s allowing a sequence to be deleted, is

=

set 10 or more. Here, other conditions for acquiring the sequence groups
shown in FIG.20A and FIG.20B (i.e. ZC sequence group 1 and ZC
sequence group 8) are the same as the conditions for acquiring the
scquence groups shown in FIG.19A and FIG.19B.

[0110] Also, an example case has been described above with the present
embodiment where whether or not r and N satisfy equation 9 is decided in
ST 203, the present invention is not limited to this, and it is equally
possible to use following equation 10. By this means, it is possible to
delete the same sequences as in the case of using equation 9, from a
sequence group.

Hr/N-rb/Nb|-(0.5/Nb)|=Xth2(m) ...(Equation 10)

[0111} Also, an example case has been described above with the present
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sequence group. 35 [0106] Thus, according to the present embodiment,
2FogpesLgemerating sequence groupsgthe threshold Xth2(m) is set smaller
when the number of RB's is smaller, and a ZC sequence, in which the

emgg@@ﬁ%ﬁ between (/N &':%%%%SC%%T 2. ;@d&{b{& b3V Within 24ang&fer of

.5-Xth2(m)) to (0.5+Xth2(m)), Is_ d%%ete rom an existing sequence
RBgsoup. By $His teahs! g passiblEntoc fathide thederosdievrietationthe present

invRaMERN sefbence g ouPs,ARHikedyaes intes- egh intgrferencawhile provide a
intaining tﬁ?e number of sequelnces Il}orming 5 sequence groups. [0107]

m

p‘“A‘fzbﬁyaH XENTP RS HHCHEEN AR &L AB S ot 8 At e PiRRelht cquation 9,

thaemadipiamt_aWhpr@faiBequﬁia:ce;gteum@ﬁ)htp@sed 8fZG . sequanesaniple, using

tne WPIEEy the diferepce between i and fbiNiis eaual (o orless an 420, xp,
regardfess of the number of RE'S. is inputted as an’eXisting sequence 1

twayrBdp in STI208 1 ¢Hovieiés, thélprespntiigesntion vshichliritad-whthiSb drd. 5| is

lowkis Aguglly r@ﬁ%é'gkﬂ%i@,iq&u&\aﬁﬁg@@@ﬂecﬂmuw@g%@d R EMbeginatl and

as an emstmg %iquence group. [0108] Also, although an example case
cti

|Ir/ Naghsébib deleribets advbsahith Pie preddneshiskiniii wid@edzc Here, a
plusetuenee, tiewhichrthecdifference s1o atween ybiand riyNR stayse within,  For

a range, of. (0.5-Xth2(m)) to (0.5+Xth2(m)), is. deleted.from. an exisfing _
ex g i G803 I Rssh eI LB T AP (et T e N=37)
as duallyepessibledqiartherladg tbolditions for deleting ZC sequences from

[ I SOC ith th
01 S SRS, TSNS i ren

e BRAMPRI 10 By i it RGeS pbasithéab prevehf Zcessqubatesen 1/N and

rb/ResQeiatedwvith smaligr purabers. ot BR feing, deletad excgssiyelVeleted
and Iirﬁ the number of §C seeguences %ﬁ%. [0109] FIG.ZCSE\f%?Wd

frop @B dE LHoNEeREHPIES B SEYRNce IS 25t B et lhdR YR tion is not
lHmitrdbey ohRB'awdoiving apegienge doibecdetetad;tise seldkD drenes@ditions of

Here, other.conditions for acquiring the sequence groups, shown in :
ma N EARNRE LR U ST 2R grmper of
RBgj are the shenemsithe spndifiohs fdracyuiribg the fsetpenceagroupém) to be

ma PR FiGLIPA RN FIE OB, 3001 1@@'%‘%}(}@1’% BXBORIE-CAREART in order

been described above with the present embodiment where whether or not
frofnaﬁaef\l%eéﬂéﬁléauié’tidﬁ}g%‘d@tﬁdéﬂfﬁ?rence between /N and rb/Nb is the

closest to 0.5, and deletion processing is stopped when the number of
remaining sequences is p(m). By this means, it is possible to maintain
required sequences in each RB.

[0113} Embodiments of the present invention have been explained
above.

[0114] The sequence allocating method according to the present
invention is not Ilimited to the above embodiments, and can be
implemented with various changes. For example, the above embodiments
can be implemented with adequate combinations.

[0115] Also, in the above embodiments, as further conditions for
generating sequence groups, sequences, in which CM (Cubic Metric) or
PAPR is greater than a predetermined value, such as CM or PAPR in
QPSK, may not be used and may be deleted from a sequence group. In
this case, the magnitude of CM or PAPR is less biased between sequence
groups, so that, even if such conditions are added, it is possible to make

the number of sequences substantially equal between sequence groups,
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ST 203, the present invention is not limited to this, and it is equally
2FOROS8Ipleto use following equation 1§y By this means, it is possible to
delete the same sequences as in the case of using equation 9, from a 35

ands?ﬂgeﬂﬁ%gre(}uﬁfjjg -LQ/J}I@-S(OE%N@;%%( e'd'(ﬁg%ac{[!:q{] }9%&%1136%] group is
Also, an example case has been described above with the present
notAHE8096-PCT 23 embodiment where one sequence length, that is, one

[01Kigg 0fAh§d]9§l'Pﬁ69§f_R§'§ IS USRS é‘a@é‘efﬁd}c%l{b%%{%@%i%h‘oﬂ%, with
the present invention is not limited to this, and it is equally possible to .
em BRstige B IS oTT8TETBREeHEH N CE lehTmR kel tBRaldetdisiif i domain
ZCegquglien & § thatispacplenalithefting seferenee numbersdf RB'ehfsor and it is
e>ﬁ1mple, usti)rf%1 Ehre references of Nbr=13 Nb2;§9 aﬂ:} Nb3=37 that
CquLELYCRISa With oe RE™ two RBASNF RS RE 41 Sequentas s nidh't 21
ge i tesl/Nbij-016] it niowetathiari . thréltreld, GjniNe-ro/Nidp0 B Cissloywemces  and
fre A2 NEsRAhand: IURHRYNESIA RS ke ibAn B HIEAEpiSentcd by

ted. Here, a 10 plurality of the refererice numbers of RB's need not be
foltowdBautigsaHom éxample, it is possible to set one RB and three RB's (i.e.

N=13 and N=37) astherefe(ancensequencedgngiidibi [0112] Also, an

example case has been described above with the present embodiment
10 B Rt Ge L m AR BTARS Be b o BRI LTRE 15 PofGBresents
thestaypuwithin avarige ob {Othexdh2m))io (BE+Xdh2@En)¢ aremdeleted framents the

xisti r ver,.-the,pre inventiond imit
ey B e A P o ST hen
se gaiHaisire Pebviry)predetditined sehusrdesMasetiss veeh ruimbefdsences,

in 8%%5%&%%?@&69@6”&9& tﬁ‘ﬁ\ﬂ%%@ﬁﬁ@&?&%%%ﬁ@?@e?@s less than a
maintained is set in advance in each RB, sequences are deleted in order

preglshe Ty 8eQubhEsSilicr the Hitdrdnce bR PN Hha4b/NFRURRCes and
freglosesytodhm simd daletioaqureaessinglis:;stopped wher thehnuaerfics, and

(he® &jgingesggr%%ng?&icstp@%g% this, means, it is possible to maintain
requiréed sequences in eac oy '113] Embodiments of the present

[0likGanticvl $rave Bden gRpkained sabple. 044 4h Thebsequehce dllochtialgove with

em TICIRRLL AECOLAING f0 thepresent, Iventian ignof lipuited to.the ARAVE;ignal for
embodiments, and can be implemented with various changes. For

ch%%mé’tiﬁ@gmet@ﬁ]mﬁ%tgnvention is not limited to this, and it is

equally possible to use a ZC sequence as, for example, a reference signal
for CQI estimation (i.e. sounding RS), synchronization channel, random
access preamble signal, CQI signal or ACK/NACK signal.

[0119] Also, although an example case has been described above with
embodiments where a ZC sequence is used as a reference signal from a
radio mobile station apparatus to a radio base station apparatus, the
present invention is not limited to this, and it is equally possible to apply
the present invention to a case where a ZC sequence is used as a reference
signal from a radio base station apparatus to a radio mobile station
apparatus.

[0120] Also, although an example case has been described above with
embodiments where a ZC sequence is used as a reference signal, it is
equally possible to use, for example, a GCL (Generalized Chirp-Like)
sequence c{k) represented by following equation 12, as a reference signal.

c(k)=a(k)b(k mod m),k=0,1,...,N-1 ...(Equation 12}
[6121] In equation 12, N represents the sequence length, and the
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30 can be implemented with adequate combinations. [0115] Also, in the
rFoRboyeembodiments, as further congiions for generating sequence
groups, sequences, in which CM (Cubic Metric) or PAPR is greater than a

redetermined yvalue; M or PAPR.in_ OPSK,.may not be used
o e D L A trs. 11 TgTh b gt (FRere ¢ and
m  aTggniieeces CNOdPAPRIr essibkasdd bdtovedk seggenoscgogpsssoted by

eqiidlo £VEN FSuch aonAitions ang addef, it is,Paseiblesto, make. the AWDbeled by
of sequences substantially equal between sequence groups,
fol lpbbns & Beati94 dnd the number of sequences that can be used in each
[3]sequence group is not biased. [0116] Also, although an example case
has been descrb @161 ve wiw=%rqbodimueﬂ§ ere sequence groups
r

are formed using aué’hty domam 578 SEq en%%ast,%e present

[0 l‘ia%ntim#@n@tltihm@lhtd bisahndt it Mkmdmpqssibie@otfmrm tseqm-:inme “equal
to GFOHRS YsiNA 2GRRAURNGPS fhat afe aansratsd inidhs, ime o Qigfggssible

time domain ZC sequences and frequency domain ZCfsequenc S S¢
to y56 rdlatioMsRipiftprdssstebasy afdhepang ghuaton decigon condition.
[01@xNModdN=Nrd a{Eavation, d 1) 1944w KQquatien 1. N raRreseia theadort-

ZC sequence length, r represents the sequence number of time domain
Chy Seayaafes; an%mseﬁﬁefse%& RECSelietRBURfbEr Yidrdfiehdyited to the
seqiemairs ZG seguened. Pherdierezwhen agsequence gralpiisciadeed sequence
using time domain ZC sequences,.ZC sequences,, 15 in which the
ECTH e%e(ri]cgj of u??\Pﬁ?)%rﬁn eﬁeafgtrer%e éeq%%lélgg%lsffgsus than'a "©¢ @ sequence
gegredatérimindduhfadhol, pretfouind Beakodbridin ZC gegnencesdna sequence

geﬁ@gv@@wfm- seauenees sham the pamegharacteristics, and
therefore the same eftect is ac%uwed.d[z%léﬂP)Also, although an example

[0k naY HeutededcrBal d86vE with blikRALCWHEHR gpbodiments as
an 8eQuepne ehesed:as @ referencesignad fofs chapnehestiva@tiontheardware, the

present invention is not limited to this, and it is equally possible to use a
Pre BB L T Beal B EIT B oA ! estimation (.o
[ 01sbundihg RB$ rsymchrenizatibmstianned] raridenm dogest pregnebltiesigriakion of

ea chQJ 5 itgl%alo\% é%% g i%rlll% (%:?1 LQ g‘ljr?s] éﬁl?pe ﬁ?ﬁﬁ?f;ﬂ feé?égg!gn ented as

case has been described above with embodirr uence
an jd.gdeq @Bsditeferénbs sighdlfte st alvddid iaubile stbliehcapparatis torlividual

chifpdiorbage: siation ARBAAIYSc#MBained on a single chip. “LSI” is adopted
here but this may also be referred to as “IC,” “system LSI,” “super LSL”
or “ultra LSI” depending on differing extents of integration.

[0126] 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 an
FPGA (Field Programmable Gate Array) or a reconfigurable processor
where connections and settings of circuit cells in an LSI can be
reconfigured is also possible.

[0127] 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
biotechnology is also possible.

[0128] The disclosure of Japanese Patent Application No.2007-160348,

filed on June 18, 2007, including the specification, drawings and abstract,



present invention is not limited to this, and it is equally possible to apply
2RO presgnt invention to a case whepg a ZC sequence is used as a
reference 30 signal from a radio base station apparatus to a radio mobile
is SEUER, BRI, [D1201 8120, althoudh, en, exaple case has been
escribed above with embodiments where a ? sgquence isused as a
reference signal, it is equally possible to use, for example, a GCL
1ndézerarialigssh Capntike) 35 sequence c(k) represented by following
equation 12, as a reference signal. c(k)=a(k)b(k mod m),k=0,1,...,N-1 )
(01298 quddvn 199 1615%] A'QsidiiBg 1¢MN Pehrd&aRth S dBatRadngny radio
moane the AFO805FpREE RS iationship of Nasmgevbale fardTbarecan reduce
c inte ersziortN:trB where tdart]fi m are integers) holds. Here, a(k) is the. ZC th
L08R GTRHEE HESR EAES By BaLEHEH T 61 LGRatioh 2 R dhIk) s AR I ning the
nusbguenteiepregentect byl doltowigpespiation &3 g5¢8]ph, d)dWi Kk, applicable to
a kil rafid cdRAAoNI0I2alASO. although the above
embodiments use the condition "équal to or less than a threshold” as a
decision condition, it is equally possible to use the condition "less than a
threshold" as a decision condition. 10 [0123] Also, the above
embodiments have been described using Zadoff- Chu sequences.
However, Zadoff-Chu sequences are not limited to the sequences
represented by the above equations, and include a sequence generated
by repeating part of a Zadoff-Chu sequence, a sequence generated by
truncating part of a Zadoff-Chu sequence and a sequence 15 generated
by removing part of a Zadoff-Chu sequence. [0124] Although a case has
been described above with embodiments as an example where the
present invention is implemented with hardware, the present invention
can be implemented with software. [0125] Furthermore, each function
block employed in the description of 20 each of the aforementioned
embodiments may typically be implemented as an LSI constituted by an
integrated circuit. These may be individual chips or partially or totally
contained on a single chip. "LSI" is adopted here but this may also be
referred to as "IC," "system LSI," "super LSI," or "ultra LSI" depending on
differing extents of integration. 25 [0126] Further, the method of circuit
integration is not limited to LSI's,
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and implementation using dedicated circuitry or general purpose

2FORMBEESBArs is also possible. After Lgkmanufacture, utilization of an FPGA
(Field Programmable Gate Array) or a reconfigurable processor where
connections and settings of circui in@an LSI can be 30 reconfigured
is also possible. [0127] Further, if integrated circuit technology comes out

1. to replace Jeqrsasa redlitwrtineg advasidendentiof seaicontiuéibn  sequences

replRENIOINGT 8¢ HSENMAIVE PEhGr IRANRPIOTYa Hils RAAIRISA RASSIBIG L, the

carry out function block integration using this technology. Application of
me 0l RRENNHIRIG\Bis also possible. [0128] The disclosure of Japanese

PatenhAplication Net2(0y <t6@348,s fitethen ause:18n 2005 dddudingdheth Nb
dﬁpeciftication, drawin%s and aqjstracg, 2F08056-PCT 26 is incorporated

Eréi %V%’ecf%r%%%g%n(ft% Ié‘ﬁfﬁeﬁ}”. Thdustrial Applicability [0129] The
sequenct alfothatierg methad | trensitrifting methodeandfradiot 15 enbbilé based on

theSta 'Q!r%ﬁ\pga}req{%:fhaggording to the present invention can reduce
cross-correlation between different sequence groups while maintaining the

numbér 8f zCtiaguehides foralie Bgequrhtergoup faka deélapplicatsiaucnces,
in (@nactelllarkadigr cammuRicalion syaien; 2FQBQe6rPick /e (HAIMSHI MY and

sequence allocating method for Zadoff-Chu sequences represented by
/NediafiGi'ind celiut&r fadiSorhtfurlicatioh systB dthe bl 2 doft-Chu

se qeampeisingnd e reference séttingostép af@ettingnalretarénce sequence
length Nb and a reference seqrience number rly; a first threshold in
stop of Sotl LR & H ol bac? S TS sl et Ly oty Ztb1r-Cho
se qgelactngsstes bfdbelectirig @ plardlity of Zadoff-Chu sequences, 10 in
[ which a first difference representing a difference between rb/Nb and r/N is
equal to or less than the first threshold, from the Zadoff-Chu sequences
generated accordingyto the equafion 1; and an allocating step of allocating
the plurality %f %dg «h(l sequencedVssieeted, to a same cell, 15 [1]

I ke 1) 20 ghy
e N

N :odd ...{Equation 1)

where N and r are coprime, and k and ¢ are arbitrary integers.

2. The sequence allocating method according to claim 1, wherein, in
the first threshold setting step, the first threshold is set smaller when the

sequence length N increases.

3. The sequence allocating method according to claim 1, wherein, in
the first threshold setting step, the first threshold is switched between two
fixed values across a predetermined sequence Iength N, and the fixed
value associated with a sequence length N less than the predetermined
sequence length N is set smaller than the fixed value associated with a
sequence length N equal to or greater than the predetermined sequence
length N.

4. The sequence allocating method according to claim 1, wherein, in
the selecting step, Zadoff-Chu sequences of lower first differences are
selected preferentially and the number of Zadoff-Chu sequences to be

selected is limited to a predetermined number or less.
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_12nr(k'-12+gk) e N, N : even a, (k) -... (k(k+1)/2+gk) e N N: odd
rrodEsguatign 1) where N and r are coprgme, and k and g are arbitrary
integers. 2. The sequence allocating method according to claim 1,
wherein, in 20 the first threshold setting step, the first threshold is set
smaller when the sequence length N increases. 3. The sequence
5. allocafifif nfethbaBeodlng 16 BiEir ¢ veraiaciy dhesfirse tirkdimpldl, further
corSgHigghgtep, the first threshold is switched between two 25 fixed values
across a predetermined sequence length N, and the fixed value
assocfatéd%iiHa SEFHATLE 165NN 1edS PRt pratietdrmiinggnd threshold
bassequends:IeagtieNds $ehgmalier ihah the fixed value associated with a
sequence length N equal to or greater t thy determined sequence, .
p oL St A i st e
secwhéreinf fier ¢he saleptingesttp, &7 addfffGimg sequentes oft [dwer finstt difference
anddifferences e «selacied Pintarentialy and dhe, nLoabet O ZafofhChth dotf- Chu

sequences to be selected is limited to a predetermined number or less.

s€ qPENSES6SPET 28! 5 I THA Sebfisiidénd| ctléting MekthQtraeBardifg tdidigim cross-
cortelflitherpeampusigdawsasond thrashold seting stepraf selinged 85t ween

thresh 1%5 based qn seguence length N; and a deleting step of
wh ehe?i ‘ SHSFrFéh??sféﬁﬁé%é%g,sﬁu Whﬁg a second difference
representing a difference between the first difference and 0.5 is equal to

! 0ld, #-Ch o
6 coloadd e AR O LA CRIERCED wherein, in

thepeekofbrid siie Hpherdiingos Zadof Clig sepdetves belwesns ahigiger when

thedgfgg@g}ggeofgﬂggg ¢lpspdp-Q5.6. The sequence allocating method
according to claim 5, wherein, in the second threshold setting step, the

second threshold is set larger when 15 the sequence length N increases.
7. 7. TheBeguence: atecating matigos atcoddmgdordaim by whengirs invherein, in

the deleting step, the number of Zadoff-Chu sequences to be deleted is

limited to be smaller when the sequence length N decreases.

8. The sequence allocating method according to claim 7, wherein, in
the deleting step, Zadoff-Chu sequences of lower second differences are

deleted preferentially.

9. A radio mobile station apparatus that transmits Zadoff-Chu

sequence

i

represented by equation 1 as a reference signal, the radio
mobile station apparatus comprising:

a setting section that sets a threshold based on a sequence length
N signaled from a radio base station apparatus;

a selecting section that selects a Zadoff-Chu sequence, in which a
difference between rb/Nb and /N is equal to or less than the threshold,
from the Zadoff-Chu sequences generated according to equation 1, using a
reference sequence number rb and a reference sequence length Nb
signaled from the radio base station apparatus; and

a transmitting section that transmits the selected Zadoff-Chu

sequence as the reference signal,

[2]
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the deleting step, the number of Zadoff-Chu sequences to be deleted is
2FJymtestarbe smaller when the sequence length N decreases. 20 8. The

sequence allocating method according to claim 7, wherein, in the deleting

step, Zadoff-Chu sequences of lower second differences are deleted

preferentially. 25 9. radgé(mob;ide station apparatus that transmits

Zadoff-Chu scgtqy?nmc represented by é6Y&ftion 1 as a reference signal,

the radio mobile stafion &pparatus.gomprising: a setting section that sets

a threshold based on@ sévquence lengfhi addignale Eﬂfﬂt"f‘orﬁdii base

station apparatus; 30 a selecting section that selects a Zadoff-Chu

sequenas; ia Whiahdar diftereijod hetwaah kbiNa apd réNiishequaktome less.

than the threshold, from the Zadoff-Chu sequences generated according

to equation 1, using a reference sequence number rb and a reference
10.sequeceiengthiNbn gignaldd fromhttee badia basde statiomi dppdrdies; apgparatus
traﬁ?n%‘é@am%tf@%ﬁ&“%%t@@ﬁH@ﬁ%%&%?@l?%@i@%%‘ﬁ%ﬁhy as a reference

sequence as the reference signal, [Z] 2F08056-P 2nr(k" 2+qu eN

sigREdver hargde Aheac(kadim1aRPéale N aHE (E Gttt Y swhefe N &ndir sgguence

1en@@RIMNGANG kaNG Chake ABitEIY NGRS AarATaRaRIttingometRetdradio base
whereby a radio mobile station :ﬁgﬁgfﬁus 5 transmits Zadoff-Chu
S

stLdduehBBe TapiSsefdd by edu GlrkferSiS Kignal FinEReir thisties @
corrddimmobiletstatich Hpparaius beceives ardeience HengthNb angl & reference

referen nce,n er rb signaled from the radio base [ .
s R T B A S g sociated
witthdihg differamaes bethedn No/Nbigghthe Nexisia edferepeenk® sequashc® and the

rec@nath) ndNJs eayaltoQr jess than g;thigghold assegiatedwithithe sejected

sequence length N, using the received sequence length N and the
ZagQd Ll SALNEE Setiubhtd HETba 4153 18Ad transmits the selected

[3]1Zadoff-Chu sequence as the reference signal,

i gy

N N reven

e
a (k)=
7 *J'%T;r("(’”l)mqﬂ

N .
€ N <odd ...{(Equation 1)

where N and r are coprime, and k and q are arbitrary integers.

11. The transmitting method according to claim 10, wherein a
threshold associated with the sequence length N is set smaller when N

increases.

12. The transmitting method according to claim 10, wherein the radio
mobile station apparatus receives the reference sequence length Nb
signaled from the radio base station, and performs the selection using the
received sequence length N, the received reference sequence number rb
and Nb.

13. The transmitting method according to claim 10, wherein:
the reference sequence length Nb is a fixed value; and
the radio mobile station apparatus performs the selection using

tables associated with the received sequence length N and the received



[38] 2~,-k z /2+gk) N, N :even a,. (k) = ej'(k(k+1)/2+gk) 15 e N: odd
2rodoggatien 1) where N and r are copsigne, and k and g are arbitrary

integers. it. The transmitting method according to claim 10, wherein a
refthr%scréog%aggocieategl nglﬂ}% sequence length N is set smaller when N

Yo increases 19° 'Iahéntransmi’tting method according to claim 10, wherein
the radio mobile station apparatus receives the reference sequence
length Nb signaled from the radio base station, and performs the
selection using the 25 received sequence length N, the received reference
sequence number rb and Nb. 13. The transmitting method according to
claim 10, wherein: the reference sequence length Nb is a fixed value; and
30 the radio mobile station apparatus performs the selection using tables
associated with the received sequence length N and the received
2F08056-PCT 30 reference sequence number rb.



