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1 DESCRIPTION SEQUENCE ALLOCATING METHOD,
TRANSMITTING METHOD AND WIRELESS MOBILE STATION DEVICE
5 Technical Field [0001] The present invention relates to a sequence
allocating method, transmitting method and radio mobile station
apparatus that are used in a cellular rddio communication system. 10
Background Art [0002] In 3GPP LTE (3rd Generation Partnership Project
Long Term Evolution), a Zadoff-Ch& S&qliddéeN"ZC sequence") is

ag@m{eﬂw% refereneesigRal (X\F??THE@{ ,i%?égwmwwﬁﬁl%ﬁq?@ fOAND
adopting a se n at a ZC sequence has a uniform
ftequency 16 char LUV ElE A M A S oISl
cross-correlation characteristics. A ZC sequence is a kind of CAZAC

(Constaps Amplijude and Zero Auto-correlation Code) sequence and
reé)resented by following, equation 1 or equation 2. [1] _j2ar(kz/2+gk) = e

NORE Blen’ BEG5 Ntk (K T1200k) SR E° N8dd (BHLEARAT 13 kg method,
I 2-eaie)al (1) enie thogven d 2 adi (k (oli24 glth & 0 Nippad a(EBquatiana?y used in a

(0003} in @g&%tiggﬂlg{%cgg&{%igrggsgg}gis the sequence length, "r"is the

ZC sequence number, and "N" and "r" are coprime. Also, "q" is an
arbitrary integer. It is possible to generate N-1 quasi-orthogonal 25
Sgeiepoesndf good cross-correlation characteristics from a ZC sequence

W%Yiagfhelﬁeczweiq@tgﬁ@féa{%mmi@m@% aﬁ%é@&%ﬁ?- Term

correlation is constant at ' N between the N-I quasi-orthogonal Ssequence

gFeﬁ%]r‘éftE&?L a Zadoff-Chu sequence (“ZC sequence”) is adopted as a
reference signal (“RS”) that is used in uplink. The reason for adopting a
ZC sequence 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]

2772 2 gh)

_
e N LN even
ar(k): 2zr
wj?(k(k+l)r‘2+qk) N dd
AV 088 (Bquation 1)
Arr. 3
JFE (kT [ 24 gk)
e N N :even
a(k)=4 __
P k) P24 k)
N N odd

...(Equation 2)

[0003] In equation ! and equation 2, “N” is the sequence length, “r” is

LI )
r

the ZC sequence number, and “N” and are coprime. Also, “g” is an
arbitrary integer. It is 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.

[00047 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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[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

(Demodulation Reference Signal)) is transmitted in the same band as the

data 2 transmission bandwidth. That is, when the data transmission

bandwidth is narrow, a DM-RS is also4ransmitted in a narrow band. For
example, if the data transmission bandwidth is one RB (Resource Block),

tiie Xviri RSotiahsmissidrhban@iwvadthsis alisenonieeREBa thikewndse, i thendata Swidth

transmission Padwidth is e, F%ﬁaﬁ’sﬁ‘]?t@lyl RS,URNSTISSIon pangwidtfy e

is also two RB's. Also, in 3GPP LTE, one RB is comprised of twelve

(AL COHSERLTSHRY, %azé‘%@aé}ewc@ Paiiy fieeFangkn Nlps DM-
1}18)r 3 ismsed @s aawﬁﬁmaﬁss wansmitied Bne RBi@ntka, ZGF the data
SRIHSRASHENINA ARCAHRNES ISNOIRA O 23.0DA3 R Y954, A3.A DM RBundwiaen
that 10 is transmltt in two ere, whena ZC sequence having a
séqakifcd Wenbth & of £156r 213*@ G Tl MR dR B2lsubearpisiaser of twelve
subiearfigessis genakzigdebygydlically expanding thesequentesthatisn P N of
OPPVJ!}Q fhe; head at% of @%{Sﬁ%“?ﬂc? 10 the tail end pfithe seayence, \fid a ZC

the other han en a ZC sequence having a sequencenleng

155 8F 900 hasina 5 & DIVERS P DE SUBEATiIRR oF 24 debtsdiars isDM-RS that

generated yeaerioriing Bryncatiene thahis tayz;telewge@% ohthgig a Sequence
u 0. method of g yences, to re

illee z{r;:ﬁcé?bpgveen f\ﬁ-ﬁ%ﬂg tha ymallgjged%tﬁe vvseen %rﬁ‘leeresn cg%fg tﬁafamers

i4s toeeirdetheyimeeldedintarfarendtngf DM-RSuireachRBiZG 20 opying the

Sl@@dtﬁmié% ffdifferepy sequence members ate afleratad fa ariscendbeelise other

61 - Ss TE&E% ata transmlssmn bandwidth |sldeterm %i}gr;he : d
sc%ed’uiwng thB4ch LEHY SRE HhEreFe DINIRERS B el fansmidstunis used.
akthidiis @felﬁhmnbmed@b%tweéﬁ cellsc Holwevds, if 2GsEgdehgepasforming
oklﬁﬁ{@mhﬁanwyﬁsgorbpa@mm thalds ke sepuanees of different 25

ce Ie ths, are ple ecmc blnatlon of ZC sequence
n@%ﬁ%ﬂs ha‘éI I"ﬁghﬂﬁ? oﬂélaﬁ (])PIC% 1SqugedT§5Famt° reduce the
|ﬂamaﬁnnglm@b@m@haﬁﬁﬂdhéracmmtsms bew?elmt@@esequ@"ﬁcestmells that

cambinafionscef QEEEV?HEe?QQHQ”Qﬁﬂ%&‘F@P@ﬁ%e wWhichaferagauiredyy rp, zc
computer simulatign,. To be more specific, FIG.1 30 illustrates the

GRRUSEFRISACH DAFAGSFOHER PeiNBR Y 2 & SatfliRfrie 1% dtisaneeells as
|ERgHRNZ4.1 antihgeqdatacetnumbess s1@) abd ZGvsétuencegd efeamined by the

scheduling in each cell, and therefore DM-RS’s of different transmission
bandwidths are multiplexed between cells. However, if ZC sequences of
different transmission bandwidths, that is, ZC sequences of different
sequence lengths, are multipiexed, 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
horizontal 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 =6
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sequence length N=23 and sequence numbers r=1to 6. In FIG.1, the

horizontal axis represents the delay time using the number of symbols,

and the vertical axis represents the normalized cross-correlation values,

35 that is, the values dividing the cross-correlation values by N. As shown

in FIG.1, the maximum cross-correlatioh value is very high with the

combination of a ZC sequence of r=3 and N=11 and a ZC sequence of r=6
mhdN223 aaddi isatout three times Highes thhaithé crossscorsetatiotion value

Va|ug, Jn the; Singls dRANSTYRSIon Pangyidt 4NNy thatisy 1{y41. [0007]

FIG.2 is a diagram illustrating the inter-cell interference of DM- RS in a
c %her@k‘gécﬁ?c%&%ﬁ%ﬂélﬁ%*géqﬂ%e%?fﬁa?ﬁﬁd@aéée@nce of DM-

CRIssscarretationvare allgeatdidocadjhienticells oToe manecspesifib,aa Zrease
St‘relq}%%nggr&)gfa?@oqpqgg:zili:i‘o%g%% 4G AATENE Ry arl‘% I%d:ﬁi%%g specific, a

allocated to cell #A, and a ZC sequence of r=c and N=23 an
sEHuERBBBITEPANT N211 b dlfo R Pt CelP#BY s 88 akab tig@d N=23 are
combinatibn of thelZE€48equence afr=acand Nellb allpeated do selb#Aand a 7C
S 2nee ofrs¢.and N=2 d to cell #Bror the . .
o ory o s 2L car b chrof S R0 Slboated 0 el Sl e
R kiR Rdet Bf re§ S7d "N CaRbcaie PRACRIFAD, dHredisss ipeell #A and

inter-z€ll sijedecense 6f DMR S - atonsaquently.degmdes the combination
aceuracy-0f channel estimation an des,the data demaodulation

p%ff%ﬁr%a%cge Si%‘Li‘nleengcr‘:%ld(i,algé1 i %niﬁganfk/?%fgooag]‘ oaa%)iéosuccq%f%)aglear%g, the ZC
tREZC e tdnEadhliachting hhetHber Higeldsed tH Ndh- RarsseBtictifenn jer-cell

isiigetkint dceelbfarradia Scompunicationsysten; Taeddee INtRr-GRlburacy of
e o e, O SHe R e 3 A e mance
0 sequences of’ﬁigﬁ 0 cross-correlation and different sequengg
|8xgtrislas W smHileasdy[0009] FIG.3 is a diagram illustrating the ZC

sexuEnce allocatingl naethods: disedrsed iRNo=Patgt-Rosument &k@d method
n- ategt Doc:tgner]tPZ.t IntFI .3, the e%<aq1ple showg in.FIG.2 is Lfllseid di

A Showh in FiG: ,03 cOmbination 6r2¢ sequéfs‘lce"}ssg hib‘ﬁ a cellular radio

crossIroRSkiton, thattigna 25 cornbihveioriofea-Zel beiqiente ofeea Afwh-Patent

Nrdcbancha ZG seguence 06 &aei anc Nodsds is Allesatad frasipgiencell of high
(cell #A in thi casezl. %Isao fanother combin tiongzizc sequenges of high
¢ lgois s !

038 cOTrEfafidr, that EORbINSHOR ST a 8L UdhEe B0

CfOSS-C%?I’é a
Ni28P8hd at4€ sequserrcedofigehm illustrating the ZC sequence allocating
methods disclosed in Non-Patent Document 1 and Non-Patent Document 2.

In FI1G.3, the example shown 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=¢
and N=23, is allocated to a single cell {(cell #A in this case). Also,
another combination of ZC seguences 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 /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

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 Docdément 2 proposes a method of

finding a 35 combination of ZC sequence numbers, which are used in

RB S ¢{heremaffes erpfemrad toad ar'seggroncecgroempyhZG sequidnces avecfore,
abfgééer%@f %#agﬂgw gﬁOﬁ%aqerg?ga@@@ w@gn Hie difference Qéaf%mes that

that is, the 4 difference of sequence number/ sequence length is smaller.

THafdforkh AL P B EsetlieRids of Srthrbifraly RESTE ot e RBpI2EStermined
stgqushoéd.that foakel tfisdiffdrerice mfedbbaqual dsé ealﬂsﬁhamad the multiple

pz%i%*e{ﬁuasgs tﬂfﬁﬁ'aoé% ag Jernd fram the & %f eaeh,RB.
he ' mu tlp e57 uences found are a ocate as one .
séQﬂﬂeHce grbdp? [0@11] gleg.aﬁgla H?&@Fﬁﬁﬁliﬁﬁsﬁaﬁﬁ@%§é6uéﬁ€é%r@@|§efa“0n

gerekation imethed disclosadrintbon- BatﬁﬂﬁaﬁcumeﬂhZFIH}F#G fhéhﬁorizontai
hz?}glzso%% %ﬁ{;Qr%SGHBSdr agg t[hga\fegw’\gl Xl?erse rgsqgﬁs andsequence of

sequence of each RB. First, the reference sequence length
r&ferRrite sedFuéﬁfeeﬂie FRISTSEC D hevsar HiraramIb aTCrséotrincesequence

hawingdherteferenget seqmemezie&gt,h Abzandsefaeensee BequesCehe reference

numben (b relerradio gs a. eference seauences for example NS, o,

S;%ea/blhlc IS tﬁé sequence fengfh assocl with one andr
WHIERTRNSE| @ BB EveentPrafdatRly; Af/NBPis 1/13. (weiclzds the sequence

seqtg&nceesmatamkwﬂﬂze difterrmoe akhi of y/h; fromiuthe: refereaceciRiNBetween 1
eql%J@INq)O{ Ies%}pﬁJ r/eﬁeterﬁ]{l:ned i@eshouldhggef r}d fr mt e é.‘,ffereme
eac

sequences éf o generate’'d Sequée HES group & réference
sefjuéhcdumbbe |§¢;ﬁaﬁgé@| BHd In emeaéameqsrd@esﬁéglab@vex@h@rmmed

Sﬂﬁ‘é@ﬁ@@dgr@lﬂgsf%&ﬁlﬁeiﬂﬂfﬁie%ér hs, BelpuRassible to.genenate differentrate a
seq?uence grou sfor[yine m%[??fb f 20 reference se uence nlsj'_ﬁegers tcri]at .

iS SIS POSSTOie s gefieiate Nt Hiffdrént % %%ﬂe%e qlﬁ)rsf anged. and, in
réihgeatiny peluiigaE G lerrientes; e uhickeagdiffererice fzonerbiNb.is Thus, it

eiqU%Jd‘é’s%i@S%h%Q@ePé@Qe&QmF@ﬂ thegshald, oyeslapsbeyeele number of
cent se%uence groups he sa ZC seguences agﬂncluded in the

pﬁu?gﬁﬁ}lg?’s GABRREGrBUBY i tkterdte 25 te BEGHENEe g ate Nb-1
ovdiiapebetvweaas cedlg rihereforBete pidéveniges for selecting ZC sequences, in

which a difference from rb/Nb is equal to or less than a predetermined
threshold, overlap between adjacent sequence 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/{2ZNb).

[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 uniguely determined from the
number of RB's. FIG.5A and FIG.5B illustrate sequence groups (ZC
sequence group 1 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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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 30 generated by the sequence group generation

method disclosed in Non- Patent Docufnent 2. Here, the sequence length

N is set to the prime number that is larger than the maximum possible

slze piitrafismissicn #n dhehtrandinission bagdwidih anchthat isbthg closest2.  In

tq this.size,and, further , thg sequence length.N is,upiquely .
e e T e BRI W B g 1200 0
BTty Fodpa! £ZES 136Nt Brdip e ot ko eddneh & yidhipy 29 T sequence

ceropiised of ZC sequences that satisfy following equation 3 in a case

where the reference sequence 3. length Nb is 13 and the reference
Rt

sequence number rb is I or 2. In ‘equation 3, res Xth is, for _
ebitiple, 17Nb)aticerding) to treveatercsamtosedivenaeeflond belirglosed in
included oA Mhurality ofisaquadce; grorpse ki NN < Xth . ste@datien group
3)[0013] Thu ording to the, sequence allpcating methods.disclosed in
B Bl et Lt NN BN ot Y o e Glotpor less
cHmprisedasieza wéaoéribessihatdnsketd tifferense wia/Rregnat eorieed of ZC

thama predetarmingd thiesheld, that is-aseauanss grath comprisediofermined
Ztgrlohs?ﬁ uences havin% géel%aéter cross-correlgtion than a predetermined

S 8P4t Gnd e 'gEnerAdd S dSREE b f'RibbAd 8¢

threShofd s 1gseﬁera ed, ah
thesiriglel el 1By thy reiane sitds possibie soidllecate H combinationohation of

Zfsedyebressob largreresscanslation;and different-seqgHenga danrgthsdosns to
thﬁ single cell,,and rgqau e inter-cell inferference. 15 Non-Patent

DOEUHERE 1S Alral 2673367 *SEQUREEATIbEating method for
E-UTRA Uplink Reference Signal", 3GPP TSG RAN WGIMeeting #47bis,

Sopengdialy By chdhdanuary, 2R04Npn-RatenifAgeumestaybfe  Allocating
Elecﬁaé%r%lcs R1-071542, "Binding method for 20 UL RS sequence with

2Rt led@ns® SCPPTSCPHAN VBEIffsatity 218BR, st Jiltds, [SC RAN
Meltd, Wisrtin @ 6/ 4 301 2007 Ristlod tubyof Invedtiamuary, 2007

Non-Patent Document 2: LG Electronics, R1-671542, “Binding method for
UL RS sequence with different lengths”, 3GPP TSG RAN WGI1Meeting
#48bis, St. Julians, Malta, March 26 - 30, 2007

Disclosure of [nvention

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 /N is a
fixed value regardless of the number of RB’s, and, consequently, the
following problem arises.

[0015] FI1G.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 r/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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Problems to be Solved by the Invention 25 [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.

[0015] FIG.6 is a diagram illustrating afroblem that arises when the 30
threshold Xth is set higher. As shown in FIG.6, if the threshold Xth is set
Higbed, Z @ sequenices locabed A€arstvpiboundaydiddfcenttbeqiencesecquence

gngHPﬁsh@V% aﬁ@aé@nﬁ@éﬁ%e%%@ﬁ r/f\"aﬂrdd ﬂ@@@l{@e‘fi&é ae8UFIMO o wn in

increases. That is, the cross-correlation between sequence groups

ihdfeadesanb O b ahantherc 4 ARANRES BIEe (B Led Fference
vulﬁen/meftbmsracnldi Xt g8 sethighen ushgispeciiclexa@plesjobnces of other

%’W In ﬁl@@ /A and HIG- 1B 11*[‘83?%%”9%19&9&90%@'@%% uences
shown in F

FIG.SB are used. In the ZC sequences include

|h‘%ﬁ@‘f\*ﬁ/§§%d€|éﬁd§ a@rétﬁbslﬁfsfvzeéss@aa%ﬁa@@%mf TARaZE sequdrisg efore.
grouh &y ehowi it . FKG Al ahbiF-1G..7 B Hbe biatchaechE er sefjBahtesshbe ar, the

%mﬂl@&dig{”ﬁﬁc%e85(1re,/l}'cfé§’%@PQ&'&IS%E‘E‘)i%a‘ﬁ%”g'ﬁﬂ'%%ﬁ*&ezgf /N from a

%%ences of other 5 sequence groups. Here, as shown in F

ERof Z@S%‘?jﬂéﬁé@s siedeh F@B%al\lt&rﬁﬁ e intéAPaIs mhﬂ’fé Fgﬁg‘é“mber
Ofﬂ/lN:H)sIOﬁ Tdf@rafpra}aaashmm EhG. Aanc BHGLéBg tkheh thkelonger, the

numt eerrog; S Clﬁelal’%% fg t? rng; %ésequences increases that
make a difference of ro a reference sequence smaller than a

thP&4HdId. Arss cwtantthe bt ?LIU%?IF@B@S?%tlaege?eirﬁawél%vhéhqﬁélmber of
sequenpeciengiitdisilopgescife: mumbeiugl datakeds4C seqpentasy, when the
ncreases, | %gé?l By contrast, when the Wreshold Xih is set %H“%‘ﬂe& € shorter,
number o sequences For’mlng a éequence grou% 3ecre

Ehpeywy,ewwérﬁwwméwfR‘Bm%ﬁman@rt%fa@aﬁm&rﬂ#é—ﬁ to I at I/N

seqeenae leagth deis shostera iy, tBGrfﬁémb@tﬁ@irSQﬂt@{I@E% it aweld is further
pres (H}t mg e range of r/ ol at |/N |nt rvals, N-1, decreases, and
neeglen resca

consedquently, When the 01638 Farther %%néﬁ}égr haSRber Grogb forther
S@W@ﬁ@ég forfwing. at%éw@%éi@m&pﬁuﬂﬂeﬁmr@ﬁsém&@@m if sequence

rﬁaggmgetmM{uﬁnge@feﬂ&rfaﬁgﬂ%;&f SROPENREARPRRNY tosWitehervals is
uen en ers at Er?gletermcpgd time jntervals is 20 aq)ers toa,ge switched.
hed

tﬁeré’ are ?ew caRtioates 6 s%?fﬁencae umberd I5Be sWitt
the randomization of mterference provides no effect.
{0018} It is therefore an object of the 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, irn a cellular radio

communication system.

Means for Solving the Problem

[0019] 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 sefting 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 r/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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the randomization of interference provides no effect. [0018] It is therefore
an object of the present invention to provide a sequence allocating
method that can reduce cross-correlation between different sequence
groups while maintaining the number of ZC sequences 25 forming a
sequence group that are allocated, in & cellular radio communication
system. Means for Solving the Problem [0019] The sequence allocating
method biafhepresent inveritionlfoy 30 ZadoffHfCObsequpnoes:s selected, to a
represented by equation 1 in a cellular radio communication system,
includes: a reference setting step of setting a reference sequence length )
NB &t a r“e"}éf‘rewéé%éaaéh%e HamdRr ¢b; & firBf aHBEHBI St ARg BRip GRnsmits
séttihg £ fitst threshalddsaseprendhe defjyengealiéngth Ny @ setecingnstepsignal,
of selecting a plurali - Zadoff-Chu 3 lences,.jn whj [
e et byt Rt Ao T e St Bpeshotd
188S tHarP the FirSCH88KSId L srorthd zadetr IcAu Bsdledcegihebaey station
acppadingdp thesetpatiop Iseantban allacatingcts stepzofdalfdcating feQuence, in
pM?lllﬂy f%qp&fé—&:&u g’g%g%eﬁﬁﬁlgcg%% t%ﬁ 34N 1(1.:ael”' LJOOZrO]lThse than the
radio mobile station of the present invention that transmits %a(foff Ehu
sdygehels reprastietiasyy Bqldtibhen RELS PafEEHEE W g e Empleysauation
configurgtion bnsing: @ sefting sealion bhatsetena threshaldnbaseeh@Rdee length
sgauence.lenath N sigaled fomya radig hase station, ARDAIANS, &,y i
selectify section that selects a zadoft-Chu sequéﬁ’ce, in "which a B
differetice Idnteasts miNbtAAdSE N ¢S daide for (dus tearm ene ctivedhelde ference
fragnthe Zadoff-Chu sequences generated according to equation 10 1,
derd%raref? 2SR SATREE %’e@'?e% 0-3pd a feference sequence 190G, raa;
b signaled from the raélo%ase station appgratus; and & transmi ng J @ radio
saafoiettide trans ATz Welbeetnrat ot O sehuerreuas the tsferesoeted by
signakil0021] Thedrangeiiting methnd ofithesresentiRvention WhsHRY atation
radio 15 mobile station ap aratusltranalmgs Zagloff—C u sequences b
réPrédénted BY° equiafion 1 &8 'a tefetente sighal fin WiicH fite YaRig™ ¢ numoer
mbbieesedtidn fepparhtus rdeeives a stajuencereaminN; asmd ecteferefdo ff-Chu
SRAHRNER NUMAek rb.sigrrled:freaniiritadieRase siaiirn aRRAratSieen b/Nb
S(e\lf%cet§ea§baqgfg._?gyerence sequence length) and r/N is equal to or less than

a threshold associated with the sequence length N, using 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;

F1G.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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sequence, which satisfies a condition that a difference between rb/Nb 20
(where Nb is a reference sequence length) and r/N is equal to or less than
a threshold associated with the sequence length N, using the received
sequence length N and the received reference sequence number rb; and
transmits the selected Zadoff-Chu seqéence as the reference signal. 25
Advantageous Effect of Invention [0022] According to the present
irremtiant;it is possible to reduce cross- correlation between different

groups whilggmaintainingsie NMbEY afi £6; SeaYenscesoaming SRevensts zc
groups. 30 Brief Description of Drawings [0023] FIG.1 is a diagram

iIRFPETG TRoSQEb RS dfoh eHiadiébtics between ZC sequences in
combinatiéns of differefit segumenide stumbayss whithrdre Agauieedibys sequence

ﬁ?m%g%éw}&%i r’tbaﬁ{:@@jngtgrr@e prior art; 35 FIG.2 is a diagram

ustratln%:lnter-ce | interference between DM-RS's in a case where
specific cdfBinatidfs?of e SeyudHtEEAHAE inBréas@®isselcsriatence group
agewdiocated yo adiagent cellss acearding 40 the B epriod ait oGBS @ the prior

diagrap igggggggg g}r%%gh of allocating ZC sequences according to the

prior art; FIG.4 Is a am illustrating a method of generating sequence
5 groups &ccorthdstc théagriarait G SR awiegram iqualratiraasnce group
examapieaf @ sequence groupraneaiedioa SaquensegrauRigenesation prior
(rﬁght%a} ggﬁ%@get%gggf%?_r art (ZC sequence group 1); FIG.5B is a

lagram illustrating an example of a sequence group 10 generated by a
sequenceldi@up Hererdasramethbt Heeotding roahkeprioridrtifrCprior art that
SequescegiouR-2)h FI6h6115 B diagrasm Hiusteating a problem with the prior
e D L e O I T SEL o
Yk 36 setikghbre Usirry hod il isxamhlegdiea. setuericd gailipdZ€ample of a
sequaife Rl 1z ElG qReisca dirgranillustrating a problem with the
prior art tr}?ltG.’?B is a diagram illustrating a problem with the prior art that
arises when the threshold Xth is set higher, using a detailed example of 2
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;

FIG.9 is a diagram illustrating a method of setting a threshold in
a sequence allocating method according to Embodiment ! 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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arises when the threshold Xth is set higher, using a detailed example of a
sequence group (ZC sequence group 2); 20 FIG.8 is a flowchart showing

the process of a sequence allocating method in a cellular radio

communication system, according to Embodiment | of the present

invention; FIG.9 is a diagram illustrating a method of setting a threshold in

a sequence allocating method according to Embodiment 1 of the present

25 inventitn GF1G A @A d sdaagisgraibl ilustrditing an examile of a sequence group
9reyR; Agayled ?xqﬁléﬁgeems&!mgt'&%m&w%&%Qﬁadgna)t%méf&%%n I of

Embodiment 1 of the present invention (ZC sequence group

idhf RABTART ARTSEHEAG &F exsapia6f £X8uénee group 30 acquired by

a sequendd agllocating nvéthad diegotding ko & modineant dlf gfu taei presend radio
[ ti S aroup.2):-FIG. 11 is a diagram illustrating a
b R I el O

dccSAPYITERDOAMEN PSFSHY presart9ivention; 35 FIG.12A is a

diagram ilkBy atingsan BxeeRPlE Of @ SLEHEREa YrouPcasaitadBydinside a ZC
seguence allocating methad accarding to Embodiment 1 of the present
S R R S o B e SR, present
SRApIeosE a sequence group acquired by a sequence allocating method
accordingtpcE mbadimesicl f dihe iesenbinyeRtion (Z6n3eauentendigquR radio
2} fG:13 s ablock diagram showing the configuration of & o, © pas
Sl ation appara?us {OAwAIch E sequence éroup is"anocated! accoralng fo
Eftdiment 1 of the present invention; FIG.14 is a block diagram
showing tireGonfigurationsinsiga aréfa SeqHeNssrseitingigection fecisling ation
tohErpaQ:(%dim nt 1 of thetpr.es%nt (nvention; 10 FIG.15 ise(a hlock diagra .
Showing The Configiratioh B & radio nioBNR Etation*APYARAGE acBSFRy e 1O
& Binbdidireenht lodftive presant iinvartion; FIG. 16 is a diagram illustrating
the cross-pogrejation, chargeteristic @seestaingd By compjiersinylagione gyence
aclciordin to . . L .
allocatimg method in a cellular radio communication system according to

gaording

e
present

Embodiment 2 of the present invention;

FIG.18 is a diagram illustrating a method of generating sequence
groups based on the process of a sequence allocating method according to
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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15 Embodiment 2 of the present invention; FIG.17 is a flowchart showing

the process of a sequence allocating method in a cellular radio

communication system according to Embodiment 2 of the present

invention; FIG.18 is a diagram illustrating a method of generating

sequence 20 groups based on the prd€ess of a sequence allocating

method according to Embodiment 2 of the present invention; FIG.19A is a
diagrari ilastsatingnapoexartiplerof adseguénce groufuactivinedwillabe assigned
sguenss &llocating methoghacgprding 4o Embedipent 206, 1hR ATBSENwill be

invention (ZC sequence group 1); 25 FIG.19B is a diagram illustrating an
e‘%&tﬁbﬁf ‘of a sequence group acquired by a sequence allocating method
addrding (& kbbddiment 2 of the present invention (ZC sequence group

8); FIG'Z%@Q %agrﬁm&'é%%?ﬁgﬂ%ﬂl%?(ﬁm%%&%é%‘%”@@% GEQUP allocating

acquired when the number of RB's allowing sequences to be deleted, is_.
3DEECH0 ogreiatef tHE8BqUEATEE grbRP D Rifd RS, 208 1A diadfsRTdine  to
iliiatsating antexan phe girassequienea tgraup acquired when the number of

F%@'osz%gow'@ﬂﬁ?qﬂ?”% Q& Oglgied, IS SpéHL0 @n greater (2C SROUENC & ence
). 35 Best Mode for Carrying Out Invention [0024] Embodiments o

roup
i@l@ﬁ&éﬁ iAbEntivh TificBESEREHEE AN Pastal \iitR retbritfce tgenerated
theqaroarapanying draifings. Heresiythese 10 vembkodirbertsrresponds to the

companents providingth functi ilhbe assigned the same
e e s wil be omted, (0025
(EHB3dimERST 3 HetBisamswerdrfdhowify e proebiss e dequence
gloraging method 08 a el uardasha CampTunjcationcsysdmmdecoreing denber of
odiment 1 of t resent invention. 10026] First, in,ste rejnafter .
R ororers aag e e RSERhG e DRI IROR wint be
ragapEbPas ded Set for a generated 10 sequence group. Here, the

SgHuBYICe pmiver gl cekegroRdg tethe seauUentegUptumbatanldSnumber
AN N [9027H ST 108 NG Rl QL RS il RINMAIZCRI0 & N are
uniquely associated. For example, N is a prime number that is larger
than the maximum possible size of transmission with the number of RB’s,
m, and that is the closest to this size. |
[0030] In ST 105, the sequence number 1 is initialized to 1.
[0031] In ST 106, whether or not r and N satisfy following equation 4 is
decided.
it/N-rb/Nb|<Xth(m) ...(Equation 4)

[0032] 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] In 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] 1In 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.
10037] In ST 108, if r<N is decided (“YES” in ST 108), the process of
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[0028] In ST 103, the threshold Xth(m) associated with the number of
RB's m is set. Here, the method of setting the threshold Xth(m) will be 15
described later. [0029] In ST 104, the ZC sequence length N associated
with the number of RB's m is set. The number of RB's "m" and the
sequence length N are uniquely assodibted. For example, N is a prime
number that is larger than the maximum possible size of transmission
with tHEnunpleefcomirRiE's, 20 m, and that is the closest to this size. [0030]

Ingpk 405, Iﬁﬁ‘%ﬁie‘ﬂti?”‘%ﬁe“k'éﬂkﬁ%ﬁa%les Hitialized 10 %1499:%%]11[{%{?%}(’161&3 r=r+i,

whether or not r and N satisfy fol owmg equation 4 is decided
JARCBRIDISSGREN)T OtEqUAEDR 4)'95 [0032] Following equation 5 is
adaeEd fromEQuatinid. :Sivels that dquatioh 4and equedion! D &re the process

egrival ether or not r and N satisfy equation 5 may be
d(gg:%l/z(? r)(rob;klﬁ) ‘Jﬁgﬁ \;¥)§N<r<(rb/Nb+Xth(m))XN (Equation 5 0033(%~6 X
), is the

IPUHY if Fand N Al deehid 6 gk edualbnia @vEdes 3bigrEl
theapiacess ohfik 167 Iﬂ)Beff@ﬂﬂ’m 03B I8 ST 1B%, asfusaquenedip rb and
hc?"r”?@s?o ?&18?8%%9%{2% xl’n%f ec{m!ggdtr 50068 ()ZanSae g § >
assoclated with the num ero s m In the sequence group ] In

gP9Hk] wharSriadd N ﬂé%d@d%‘?@@a(tls%ﬁ@quéhcﬁﬂl 3@(“&?@"%00335 of
HT106), the procass ®f ST 108 is performed. [0036] In ST 108, whether

1@%&@;\;2353?3% % % §'i% perform(a<él\I E%géeéc]lded ‘(lni?)lg ?{11% one, like

segueride pdnbey 1o fscrementidteySillik8I=r+1, and the process

npovas}o 4 30610938 IS 198 dt rad ig swt degidech('NOT iR TidO8 s ocess
th(%l\a 5 OL T 110 is performed. [0040] In ST 110, whether or not
demdseH ere ﬁ is the maximum value of the number of RB's in

thekehuerse §loup b dhd Esmespintds tawsagnagimum vhlde oflflegated to a
trangmission bendwidihs QP14 Thh10 df Mol ipgeeided ("YES" in ST
1[10(%?2}t5t]e prl%%%sts the method of setting the threshold Xth(m) will be
explained using twe different cases. 1In 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>

FI1G.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 eguation 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 seguence 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.
[0648] 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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10 ST 111 is performed. [0042] In ST 111, the number of RB's m is
incremented by one, like m=m+1, and the process moves to ST 103.

[0043] In ST 110, if m<M is not decided ("NO" in ST 110), the process of

ST 112 is performed. 15 [0044] In ST 112, the generated sequence group

rb is allocated to a single cell, that is, Esingle radio base station

apparatus. [0045] Next, the method of setting the threshold Xth(m) will be
explaiméel. Usingetveo adiffeiens opsese ¢tngaboye SThLGB, itis Pdssiblé tanugd 101,

elthen of {pllowing seftingmethegk | andigeting methodh2s 28{0Q48kence length

<threshold Xth(m) setting method 1> FIG.9 is a diagram illustratin

- ¢)
tAPSSRGHIR SEHEHod | Ra $&TencdITtaiTg Rsgtogumber 1b=1
acookdipgitdshe prlesentembodigrenty Asshewn ilNekG. 9itheh thresheles of ST

XHEMIHS %ﬁtrégﬂ%liﬁr%i%ﬁ@%@ d52 PEWETH FAL YXAMPLE, ASBBOWAIN et ysing

following equation 6, t (m) is 25 set to decrease by zé\{gredetermlned
o

VEIGE LAY AINE the ABDET BHRBFE G Sherbaded 04 10 ST 107, the sequence
Xitimb)el/ 214 )- e 3x0: DO 1R £ (Eeaqueatibet 6)c[004 8] By sedingMheyual to or less

;%Sﬁh%% XD i dhisway, 46 seausnges Jogaled.ea e baundaryb,, 1.

acent sequence groups have a greater 30 difference of r/N, so that It is

&ilSROD BRresd b fGER SRR BRSES [8# efdticit IRRRS hEIRM R asifge WD 1n
thechieghald Xih (i) assteiatethwitle ac sraallér hamkenehRB'srétis 1, only in
ible 1o ingcr. he r.Q intain it above a

Es%j ge% rﬁ%e%%ﬁ?nﬁggr.s%%%gi Elé%%r?g I%lgc?%%%n urzt%rgt'e examples

diideiflence yivtipd 435 Brguireet B hd sEtRferce allocating methods

shown in FliG:8 and fl@iQgrhenbd more specific; diienseaxenee greuisg method
own in FIG.10A a?%E%ﬁ-loB E:atlfheo%c?uired accogdin to the fO”OWirB%diment.

Contibrts AL Droaes. For 13" Skeriple 10 Gubrate 26 Bequencs Gioch
1shelmvii FIGIIGA ik STthoashris-faraHierumbe sef Hétes Np=15 set, and
represests Wenspguenee: lRngil r asseciatad With: the RUPebehef RBrs BI=hf RB’s
PSSR RIREE, STERMIS L1 SIER TR 1o
withftléawiinBer o BB i séhasthge dboide Erjudbiorngnaber, inftHeB’s m is 10,
RIREess af ST uP¥o FTREDE Hhe 5eguenee or lower than 10, Xth(m) is set to
1/2 Nb, and, if the number of RB’s m is higher than 10, Xth(m) is set to
1/4 Nb. That is, the threshold Xth{m) is switched between two fixed
values across the sequence length N associated with the number of RB’s
of 10, and the fixed value associated with the sequence lengths N’g
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/(ZNb)} (in the case of 1=m=10)

Xth(m)}=1/(4Nb} (in the case of m>11) ...(Equation 7)
[6050] By setting the threshold Xth(m) in this way, ZC sequences
jocated near the boundary of adjacent sequence groups have a grater
difference of /N, sc 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.

[6051] 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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number r that makes the difference between rb/Nb and r/N equal to or less

than the threshold Xth(m) is selected, to generate ZC sequence group 1.

The conditions and process for generating ZC sequence group 2 shown in

10 FIG.10B differ from those in the case of ZC sequence group 1, only in
setting the reference sequence numbdprb to 2 in ST 101. [0049]

<threshold Xth(m) setting method 2> FIG.11 is a diagram illustrating

tAresheld Xthim)ssettirigemethod c2ndidisequence gllacating fioethodquiring the

%ﬂ[gi{&tgﬁQﬁﬁ%ﬁ%&W%@Q@A Ja%é\%?@o%“ EleG %b @equence group

threshold for the number of RB's "m" is set, and t reshold Xth(m) is set
1gﬁ@f1béf6mﬁﬁ9élm%r%fa%r%ﬁedﬁfﬁﬁbéﬁﬁmélg feffHpeve fd process for
thregtiold forlibeseumber OfeRBipsFol @xamplef 8& SHownnd BIOWINE (i.e. ZC

4 té%ZFéUSJBr%S%'S‘ fzbtr‘k%%sver tgh QI%%;Z’E('%&% ﬁqusgégf/%qﬁ%tion 7,

number of RB's m is equal to or | an set to
ARd iRt D frit O BB MRe HipHEomh T 01 tmE(Hheis st I A m).

Tihasis) thevtweshald Xiyra)iisnswischedrhatwedn swafingen vajues aarostat is
t ence Jength N.as ed numberofRBs f 10,.and the
Efe(? (ggas%o%%tedtv%n g%equ‘gnc}g&én ths N's gfsns%rg‘?atéd with Ctithep n the
rﬁ%b%%%f RiPs gdosl t@%‘ihlfé@s YEATEONE s&¢ Ioher PEaea tkehosdment are
vilue assbcialedbritdxibie seguence lengths N's associated with the

S greater.than 10, Xth m) 2Nb) (in,the case of 1<m< .
L R i e oLtk A SR IR TR AR (R radio
t %hd@%ﬂﬂm?ﬁ@%ﬁ?é%a)ﬂ%b sT@ql}éht‘éS sodvented aeak e bourdddppated,
cﬁ@fdja@ﬁ{g s@quer@@ggﬁu@@m@vg@egfater difference of r/N, SO that it is

ess an increa fcross correlatlon Also, b crea
5@%?1 fs }%]%)é a3sociate |thet%ocr1iumbers BPRS slfower?h ?h Fontrol
tmégﬁb'ﬂoﬁbpm@dmgm@ RB'Y on, {nigapoisiibab ingresssa tha ribmbeme cell

of Z(h $EQHeNGEAS and Mainiain ikabaverds 3ppresdeteunipedintmbaicoded data
[905%11 é!G .12A and FIG. 12Eﬁééustr examples of se% ence grou
I

aCquirSs Bl theese SRR ahcating FREThodBShEMMTR FI&i 8%3hd E‘I‘éﬂes the
13 fFee heemora wpeeific ahgtbonthtionslant procéss forcacyyiviegcthenumber b

SEAULNER §rQURE Stmwgbt[ha@el%/r‘b%d & H2B ied 46cSSOHERER 9T OMPuence
]land g%%e(iu%n grOLi;g 2) differ from the con |t|on% and process, for
he refere

engt ce sequence number rb are transmitted to, for
example, radio mobile station apparatus 200, which will be described
later, via a broadcast 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
transmitted to radio mobile station apparatus 200 via a control channel.
[0055] Modulating section 102 modulates the encoded data received as
input from encoding section 101 and outputs 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.
f0057] 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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acquiring the sequence groups shown in FIG.10A and FIG.10B (i.e. ZC 5
sequence group 1 and ZC sequence group 2), only in using equation 7,

instead of equation 6, for the method of setting the threshold Xth(m).

[0052] Next, the operations of a radio base station apparatus that is

present in a cell, to which sequence gidups generated based on the

sequence allocating method according to the present embodiment are 10
allbeatdd, Withivel explained. {00681 F1G6138 dsna biigdk chagriamssbawling theéved as

CH{HQU@HQP ﬁf}‘r%@eibﬁﬁg %?éé%?@@%%raﬁlﬂ?olgoré?e%l% %F(%%%Hcgata signal

groups are allocated, accordlntgﬁlto the present embodiment.

EHEO ARG EREHOR 01 BREDHEs hanstresritasisnsd eohfidl (5istgats Fourier
fdiranrsglionmobile: siatio N Appdratuspinat id présentsipihe sameoaliras signal to
that pfyadiq hasg,station apparatus 100, and outputs the encoded data to
modulatingfgsection 102. Here, the control signal includes the reference

selflretice IRRGthsRBEHY thereferehid B8qiBacE Membenainassfrishas signal

with dhe:gequeriee grodpaumbenuatig thei rgferpnetseqUENCEZO langtr quency
the_reference se be, re_transmitted to, fqr

R b st o Rhook Tl Be qabapggtsts  the

|AT8R SR & ploddedgeananfem aive iedri ghd b d indRideRP el el 109

infoumation shawingithe teanssissien bandwidth including, for example,

t ber-of RB's for transmission alloca o radio mobile 25 station .
e L R S oo Fomapping
te&sHRte D rabiv! Ao Bile stétioh ApPardts R0E vizoa cohirol whaknekocessing

[ee56bMadulating sactiose 403 snodulates therancesedidata lRGRIVeA &SI on the

inpt from encoding section 101 and qutpu modulated_signal to RF
R e A B T DA ot A B aramiting
setitohl 103hsreppgartsvission [P cesdires tsuclirasmA/t cofivegsionsy  band

Up-feepyetsian and amplification an therrnaduated signah reeeived 28 sequence
input from @.odul?tinqhsecgion 102, and Zgan mits the signal, subjected to cats
tfansmiseion procsssing vis antehia’fos£? 5(’7? RE ARG sBaRjhe station
1705 prafo i focepdonprocedsing strels asl B owmueonversiodiand AdDsection
conyersion on a signal received via antenna 104, and outputs the signal

' tion processing to demultiplexing section 106. 14
Sﬂ.élyggﬁed E)Crescee uenc% settsznggsect?on IO%() calculates the ZC seqguences

used in radio mobile station apparatuses 200, based on the reference
sequence length Nb, the reference sequence number rb and the number of
RB’s assigned to cach 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 actually 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.

[0065] 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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[0058] Demultiplexing section 106 demultiplexes the signal received as

input from RF receiving section 105 into a reference signal, data signal

and control signal, outputs the reference signal to DFT (Discrete Fourier
Transform) section 107 and outputs the data signal and control signal to 5

DFT section 114. [0059] DFT section 187 transforms the time domain

reference signal received as input from demultipiexing section 106 into a
freqpesrey td otnatint sigaaliay (se Horneimg DET rocelsingy ahd outpdtsithpart, by
trpmtqme%] freauensss doreain reterance signal 10 demaping; S66Hofom 1FFT
109 10 in channel estimating section 108. [0060] Channel estimatin )
SEHHOR™1E s prRYict Rt %B&fﬁéfﬁ@f%c%m@é}(&Mﬁ%gf’séetiéffﬂ@?cmn
IFFY.section 111, mask processing section 112 and DFT section 113,
%%ﬁ'm%ﬁsﬁh?@@?ﬂﬁw pas Qr%‘rﬁ%? Weﬁg&%g&%éeSﬁwﬁ% ABorrelation
input from DFT section 107. 15 [0061] Demapping section 109 extracts,
fPotPthérablihey BARA R M Signarfsceed s ifPut FortisFqutputs the
sectiehatOvh avaCusequdrjeet edrraspditiingta s tiagsmissioadaand of domain
eaginiacio; pehile station @ppayafus ?ggbsgg}éaqus%%%msaewaﬁtﬁ? Frocessing

sequences to dividin% section 110. 20 ZC sequence setting séection

1000 eHredistie g e Acsssbitendds - usedshciaid obifs §eatfoh response of the
agparatiises 200, based on the reference sequence length Nb, the

r e e r,rb r of RBs assigned.to each

O oD et Aot J0b- Wbiah Aae L e Ayl S ana
iR AtiGhe e Rrsd BS thgat BRRtolifyntd theudsnlex Imes epviamd 06, into the
stietioredd0. ereaihe tferpal tonfipuration andepesations ofZC outputs the
SRAHERSESALting sectign. 4000wl e deseribed later. 10963] Riyiding

section 110 divides the 2¢ sequences corresp dﬁlng 0 eachradio
rA&BiEPSiEbaESiRItatds 200, calculated in ZC sequence setting section
100G,8qy the offa seaiencestactually useein @achiadiga3d kil statibncontrol
a&ﬁ %ra}tu%%O(s) ac'lrlll%{gcetivet%a n urtnfirs%rpod na]ta p(i)r}geas Ct}% ']601%’ %ri]ije station
outputs fhe division resuft 16 TF nverse Fast Fourier TrafstSri

StREihR Is] 2[006 A]amFT: gealibn ecrl rekfasnig pRIETsocEdsSingoniigie 114, and
divishansresidt Jeqaived asinpukiram gividisgsedion 410, 4 QUIRWS section
th(?zé:,ignal 35 subjected to IFFT processing to mask processing section

R

signal to

[0069] Frequency domain equalization section 116 performs equalization
processing on the data signal and control signai 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 [FFT section 117.

[0070] IFFT section 117 performs IFFT processing on the data signal
and contro! 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.

[0072] 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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[0065] Mask processing section 112 extracts the correlation value in the

region in which the correlation value of the desired cyclic shift sequence

15 is present, that is, extracts the correlation value in the window part, by
performing mask processing on the signal received as input from IFFT

section 111, and outputs the extracted &orrelation value to DFT section

113. 5 [0066] DFT section 113 performs DFT processing on the

dérb@lationt Valdd received ak iapgfromsinaskgodessing Seotieti dil dpside ZC

and QuiRYts dhen gartelatian yalpe subjected to DFT processing to
ency domain equalization section 116. Here, the signal subjected to

frequ
SR bcesoiig BalfL A HOR BET SEEHOH 1140bphalEHIathe e threshold
fietduency cespdnse of thieo U0 chaarieh [0067DiRisectioniilde the number of

tigpsiopn, e diae; dorman saia fignak and ceni FIRNILIRACINEE @%itputs the

input from demultiplexing section 106, into the frequency domain by

JEABHMIAG BB CHESRET SALCHLEPLRE 78 HrhdidPrhed, frequency
dovivai dates sipinal and conitbel sigaat tdafit gdemapping seetion tikculates the

[Q0681 Remanping seclipn,1ix-exiadls e data signakand coptial 5igngl rence

cqrre;;onding o the transmission band of each radio mobile station _
A3BarauBPe6, ABntGgRME PeteReRES Input e d5ET 8e608H 214 n4AEmation
auiptiteeihegxtragted sigrals ioffteguencyrdeniaineqddlizatiguesectiore 2 ating

%@t{gg%ﬁ?q%&%’, %%%%%qa&{%qﬁ%%iﬁc‘%}'ﬁ%'?i%élesBS{L?H“ﬁooz alculates

equalization processing o ta signal and control signal received as
ibPEt AN HSEpPRGF sectfor 145, FIHEE Sighal WA R Feediviy ageference

inpet f1omz RH Tosegtion 1k3 i eldansnel estinpting sectian cLO8fanchwhichguence
represents, 25 the frequency response. of the ch and o ts t
R L R R g oo
|FEpIgBation TE? PEFrats ImmTt pidck 8 ghoa thel datet Bighar casdeshadlinput
sighal regeivadias ipputiienmirequenmndonnain, equalizatiepusection 1keait to
anad &ngfjlgjuts&h{a Si 1na}ll§osgb'§§:t%dlt8d§FT processing to 30 demodulating

ction f;‘[é ﬁ)g?ﬁ Berﬁo&ulaﬁng section 118 performs demodulation

prééesing et Sigdals subfasRdskr T BiRitbssmgaecaived o winltle ©'s

feeuelkEd as input from sequence number calculating section 10062, and
outputs the result to ZC sequence generating section 1004. To be more
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 r’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 seiects 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 resulf 1s 1, selects r=c¢ when the result 1s 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

Ead

according to equation 1 or equation 2, using “r” 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.

[06078] As described above, radio base stafion apparatus 100 signals the
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section 117, and outputs the signals subjected to demodulation

processing to decoding section 119. 35 [0072] Decoding section 119

performs decoding processing on the signals subjected to demodulation
processing received as input from demodulating section 118, and extracts
received data. 16 [0073] FIG.14 is a bléck diagram showing the

configuration inside ZC sequence setting section 1000. [0074] Threshold
cal€enating segtien dO@L cdienlate tHecthrdshobd eXth(m}mcedrdigghtoNb and the

3RO SAYRLOR § Of LAHAUOR Jp HSINGANES NUMNELef sSBB'S M included in

control information received as input, and outputs the_ result to sequence
AdHbeF calbtrdiind eheiBi? 1062 STo6F5) S8RALHEE naftfbdPRhIGARyes & £C
seciiom o0 edleulates e isaquencel lenditbN of pl @ sbquenge thatre ference

can, hedized da peretprenss sigheh hased h e yniendf RRiS@E number of

included in control information 10 received as input, and outputs the result
6 BC sugiiatid gameraity Letdishtdoou ARG asetiddice number
calédlatingrséction ik0Q2 ichlciladesg thensefuenag nimbes o ardGon of radio

Sagusncednal san be.used as Ayetelense;signal, based AN ING: embodiment.

calculated sequence length N, the reference sequence number rb and the
refefenda dnce ROJICRIY THEUHET SR doRDl 1% Rifsriiiéenn apparatus
reogived] laBdnpuitan theltiieshaltsXih{taereeeivad als nputifrara shown.

th |d galgulating secti n t the result tg..par r .
i ) A S B I broviaes
Sdlebtd bheaf tistigd 98 reRedaiias Ifut frEmssayGasee iihimer scction 1000

gatewliaing Sectdnol b iaact36 eutpyisatheyeuinte ZICHeaueRce C sequence
4
enerating section 1004. To be mare specific, parameter determinin
SGttioh 1005 selects  correduonding 1o e Femuinder Séciired by ¢ Loneth
dNidritftihberraprebe bR Br siet AuphBép byntise HufTbe o tebia rgansmitted

thedis, .cITe ponrRding e tha gpsul:of performingatmedule opertion®fmapping

the f{am%lalfmber or slot number by the 25 number of usable r's. For
SCCIION . . . .
example, upon receiving as input four usable is of r=a, b, c and d from

séfliehice Niinbergateqating Settig o0k e pafamemredeterndipimnged as input

Sﬁ%ﬂﬁ’%@@%cﬁ@é@%@ EE?{M{@GE‘e@tﬁ%SH'I @@OQQGW%@M@&%@W&EQW radio
on s rame pumber or slol nypber by 4,10, selects t=b whep fhe reeult
iS , seleCtsr=c'w eresultis , an

IFFT section 202.

{0083} IFFT section 202 performs IFFT processing on the ZC seguence
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 transmission processing
such as D/A conversion, up-conversion and amplification on the ZC
sequence received as input from IFFT section 202, and transmits the
signal subjected to transmission processing, via antenna 204.

{00851 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 possibie 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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30 selects r=d when the result is 3. By this means, it is possible to realize
seqguence hopping. [0077] ZC sequence generating section 1004

generates a ZC sequence according to equation 1 or equation 2, using "r"
received as input from parameter determining section 1003 and "N"

received as input from 35 sequence ndfber calculating section 1002, and
outputs the result to dividing section 110. [0078] As described above,

rélako tedsecstation apparatlsnt0b signats §He 171 refereposssequieneation is not

nymbelrhothe referency %@qesznsﬁ%g%g%mmg he pHMbeF QLRES I uence

radio mahile station apparatus 200. Next, radio mobile station
alpatus 200 tREN GEheratdd £580 BEGUSHIBTSBE ACEHBRIEHEE gRaest ZC
veitlches explaifiedh uging the referengecbcequenge nnbefabsithe ZC sequence

"GIErQRES; SRANENSS Jenaih: g apd e pumbar of KBS SI9PRIEC oM reference
radio base station aﬁparatus 100. [0080] FIG.15 Is a block diagram

sHiWifgthe CoHfigiration'BF raf REBike Redtiosappittads ol the number of
aReordingetd the preadint esmbbdnentti terepireF@Gd SnthéheeceiMingdge of the

sy%%@_sefr@cc@%bolaih%ﬁ@iongp%rgtqﬁéa%EOMH'ﬁéﬁmﬁt@g NS reduce

transmitting, system alone will bé shown. [0081] In FIG.15, similar to Z

SEdEETG SHHiFE €€dtfSh 1000 provided in radio base station apparatus

100, ZC¢ seglencasetting skation a0t ipeavided 1 tadi0imMebile stalionpossible
tus 200, lat C seque sed on the reference

e e B A B L EAE R RS of sequence

rERNBRF GF RE'EeH tAcadeasn ebires Ihfornatias tensittede hRpadi hen the

base station appanatesg100pand euiuds theoesulltednapping 1 Seetionhat is the
201. [008 ping. section 201 maps the ZC sequepge received as . )

N DR T N I e
r&dtos 20 méBlleastativh apfrieitas 200) wid outpotithéVhappkd BCpossible to

sespenge too-FEIcseclinng0eds [@083] |1Eig1¥ seatian 202:pesformsFETsequence
rocessin e ZC sequence received as input fro appjng section

50 EL s (18 2P Sl udncBO SR Serot (P IEET pbba iy B R cauence

treHB g ssdeton 203, 25ousseRFeREABATItINGRSREtiOR 208 Pedontate 100

teamsERisSianR Pregessing usdch as D/A conversion, up-conversion and
afpgggﬁati%qgon, tfgl? engtmp]e case has been described above with the present
embodiment where the number of ZC sequences associated with a larger
number of RB’s is limited 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 /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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sequence received as input from IFFT section 202, and transmits the

signal subjected to transmission processing, via antenna 204. [0085]

Thus, according to the present embodiment, when the number of 30 RB's
increases, that is, when the ZC sequence length N is longer, a sequence

group is generated using sequences tH&t make the difference between

ON and rb/Nb smaller, and allocated to the single cell. By this means, it is
posdiblél toembiwiadnea fhre determmined seumber of segtiendessigredch RBm radio

while redsing S5essGRITelRiqn bga@'@%ﬂodsﬁf?ef%%ﬁ%%ﬁgﬁg%ﬁw%’(E’Swuh an

thereby reducing inter-cell interference. [0086] Also, a  an example

RS R L s ERB etP ST Siitts ahel SodaresmPBighe vikeiavgra cells.
sHauwencer |etigthpot onet RBvisnised as 18t thenieéerancensequedced fenglrerence
No i &40l Preser VRN on s, g" diolied 10 44yS, and 1S eualtineq n
possible to set the reference sequence length Nb adaptively. For _
SAAMIPIES talFRATIRE S BaRtRSE SaRiBng stz R_H B Hoek! fbTrfgpaly possible
certalnteeqiiercéngrodpaihe referardeéGesequenserb hatBedowestad of the

-correlati jth, other sequence lejpslth referepce .sequence
%%?ﬁ%éi?ﬁ@ge%%en%g Fgﬁgtﬂésog@ted %%t%lg’ nambﬁélrgso? RRfs Seduence

USEE RS dio Hibbie! statiotP apbathtustin thetcéll ddgeoftitdepdorederive the
rectivedoqualify dRy shisnpeans itis further passible tarediice, intes-cell

[ nce, 10 [0087] Alsg, in a cellular communicatign system, .it.is

gqgﬁdagﬁy poégsll e %o gégtafﬁ cfrée e?é%@%agae%eueélncg Sigﬁlg%iﬁghl%%)égseeg%% fihg present

rAFHE 61 Sl ek §RSLISS: FeqUvarbey redivel iieg celidtiterfel8Ade cEbrulates
esampleb hesythe Wmbes of seguanRceerorRs saauird is 400,408 ber rb, the

sequence length that is the , closest to 100, that is, a ence length of

1 #ra%%%%igf’g’d] \?vl}%en?ﬁtégfg gés?ﬁggse a8 tHe r%lfe?gﬁgg sse(ﬁtb'enc%owever’ the
|@RGESIND. LR TS pa8sibls tor Yeriératte 08 G isquendes _lfformdirme RBis, station
thabie At roseduencd 1eNatbLefl Q9 sedhap f4spesshle tf‘?o?lﬁquﬁtelggquence

reference sequenc ris from 108 reference sequence number is ,
and ag%esrg e'tot* fﬁfﬁgrrgr?tgéeaqnuéer@e& gf8§p§r280‘f06§g]‘ﬁ\’?§c?, SRoMBImigwn in
dake-R3<beed HéSchB&d iabtve fvtmtivd seddent smbodimentmiere theulating

ke of 76 seaeneesAstoGiried Withea dargh NUMRRLLE: RBi%fislogking up
limited PE}/ etting the threshf)ld Xt mg srp?ler when the number of RB's
el o

is1arGer gs\ievéf}’ntﬁé(%%eenmﬁt ) ﬁbetrmmmg the sequence number r
using these tables will be explained below. For example, with an

assumption that the reference sequence length Nb is fixed, tables are
prepared for the two parameters of sequence length N and reference
sequence number rb, and selectable r’s are described therein. ‘In 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 sejects 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.

[0092] (Embodiment 2)
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limited to this, and it is equally possible to find predetermined ZC 25

sequences arranged in ascending order of the difference between r/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?d predetermined number. If the
sequences are arranged based on the magnitude of r/N, the interval 30
between sBtpievtops: isct/N| lard thegimerad hetweeni seguendos b dmmadiet 2 of

Wﬂ@%@s@@t'%@r&%&'neﬁ\' b%L%r(Qe(Qr TH@r%ﬁQf% @%F@M%%%Qﬁactenstw of
“mdbmg the number of séelzggences it is possible to_provide the same effect

s prRAUSASH BRs Priass SnriRpHe HRLIRIP KR Hy SRR HRTenLors.
A RB is largBiGThéat isiseven ifdeguemce glospstineggenkeateck irs thed3Bbelation

ahoye wayedltils GauAty ROsRIRIGI9 AreMds, an %@e%ﬁlﬁﬁ%{c'ﬁ%%&%%n by the

correlation between sequence groups. [0089] AlSo, an example case has
HE&T Pesthnet Hsove with the present 19 embodiment where the
reférehce seqlibticedength Nix signatédafiroen raghe s base siatidnfépparadusf r/N

10940, E%d'2@99!{%éﬁ%ﬁ?”ﬁp@?ﬁg}&m@awﬂ1@'31 ﬁ?%ﬁ%ﬁ%ﬂ@ dheaifferent

reference sequence length Nb varies between cells. However, the
prRRRRR fvARNEANS nt fintlied Y6 THRE larkt it ATRFSPEHLE Shsedigngrrorrelation
lehgtta Nbrihatcs canmmnabnwetive&n@ll celis iskdetdfifipetcin cfdvandestween ZC

Sgg aling is not ngrRgsaRY- NL%%E‘%’S%“B %ﬁ%‘@(&f’s&}b'ﬁ tf?erem sequence

determine in advance the reference number of RB's instead 0
rEfpdhee sdyferide 16T R FHE IUInEd HTRBS aRAWEfFenER the largest,
langths fang einitjdgalyassociatedNsoshatdt iS:Ip@&Sﬂb&IGdieéiMﬁﬂ@ﬁ BOtween ZC
rggglleenlggegeguence Ienﬁé[h Nb fr. 1;he regﬁ_[en%?oryéng%er qf B QOQQOJen 7C
an exarg\Ele case has been descri above with the presen
erhbbeRneht Whetd Eugnente ptmmise? ¢alcuitaiitidektionr1obSfearitatestuence

tmlgsablmse@lmazmamﬂﬁ{ &1&55’1@1&?@@ eference sradeneemymber rb,
E& ]?ggren se%uence Iengﬂt |m| eﬂq%)t?ll%snt er ofRBds m. Howg18 'present

resent invention Is no ra 10 E)a%e S?atl
apphrstin oo bay r’«adf@%ﬁﬁlﬂl%ta‘ti’éﬂ&%Waﬁjszzféosrﬁf@léeth@@séé@énwkes a

HoURssheWain RIGIOA and FE IR or e sequence IRIRS 8haWs), ifrom a
FIG 12A and FIG.12B in the form of tables, sequence number calculatlng

section 1602 mé’y calculate the usable sequence number r by looking up

26 #9éde talblés 1 An isxample Widthtid ohestisreninlify thie setfuenCethamisaruence

fallocating method in a cellular radio communication system according to
the present embodiment. Here, in the 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 r/N and rb/Nb
is equal to or less than 1/26 regardless of the number of RB’s, is inputted.
f0098] 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 ... (Eguation 8)

[0099] 1In ST 203, whether or not r and N satisfy following equation 9 is
decided.

lit/N-rb/Nbi-0.5/=Xth2(m) ...(Equation 9)
[0100} In ST 203, 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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using these tables will be explained below. For example, with an

assumption that the reference sequence length Nb is fixed, tables are

prepared for the two parameters of sequence length N and reference

sequence number rb, and selectable r's are described therein. In this 25
example, radio mobile station apparaté$ 100 receives the sequence

length N and reference sequence number rb signaled from radio base

station | apparaiis2230, tefedlo theuaiies mssocgted with thesertemsumber is

and cdeterroinesa adatl:c Q@,@?&&@@f@&hﬁt shauid be sed asa

reference signal by selecting in a random manner one of the described
i3

vellids thabr stPmitht asSume 1091 AT S 4 Exhnifle BastHabbedyation 9
deSefilieioh bW jthttrerpresest ocdrhliodingeist whdreparameter

d[%t?ﬁ@j ningregion 10 g?fa%%@rﬁtsi Hﬂ?tpitjlﬁ%a@%&%ﬂld%n&? Q&%PQ{ ﬁllg sequence

based on the frame number or slot number.” However, the presen )
iSG8HASNAS TRt td WRisPERIP plraiéti? 315 aRETRiIrLP S8EHh FopBod in

i sElect the minimum or maximum sequence number from usable

'S. [0 E i 0T I : .
e Ce BHTRes i, [0ARR1(Embadimenh &) 20 e spauenea,3196ainging o

according to Embodiment 2 of the present invention is based on
thefBFE8S T BIRTFcREcENAR: Of KRESeGiéhcerassdtfAlifedpyuence group

cappttel simiilation by #erpresentinventis¢[009%3]frkse A6 ig @ diggiaftes in
e Haing. ?f‘%é?éﬁz;%o'i{gl_@}%%%%H@%ﬁ%‘?ﬂ'ﬁ% 45 Sgauence besg o 0-5. for
ascertained by computer simulation by the present%nv'eﬁt'ors. [8 94€] n

R the Horiyditd a5s réphestifistie difference bfitNn baweaszof (0.5-

sEehEnegs abdifferenttransmissionpangvidins of diffierent, SegUEREE sequence

Ietpg)ths .and_the,vertical axis represents the cross-correlation .
t X . ;

B R

suhifhcbs HdfreranerRpsneRsisAbadyidiRSton tiftspart Sequianeevithin the
lepgihs s 0.0, 1hg Grogs-ootelaton-beteaem £C.seqdenaes igibe laesdxisting
and, JLine difference of g i5 0.5, Ihe cross: corelation BEWEen 28 sequence
seqchences ?ormgapea yl'haf IS, the cr’oss-corref%llilonabec{vlveen %&ei5 4
seifvatices of differeht trafdifissispclantivgidiis oraiifftient Seqbenceetting  the
lengthsdnereases whemnithe difference gt riis elosert® B & [909R1a5BE and by
Sr%%l{l%qgg %E%C%%r&gbrgftgp%ggggﬂigg Ei%ltgteegfeagagtnumber of ZC sequences
deleted from a sequence group is limited.

[0105] FIG.19A and FIG.19B illustrate examples of sequence groups
acquired by the seguence allocating method according to the present
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 ! 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
seguence 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 r/N
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embodiment has a feature of excluding a ZC sequence that makes a

difference of r/N from the reference ZC sequence close to 0.5, from a 20
sequence group. [0096] FIG.17 is a flowchart showing the process of the
sequence allocating method in a cellular radio communication system
according to the present embodiment?Here, in the process in FIG.17, the
same process as in FIG.8 will be omitted. 25 [0097] In ST 201, as an

existing debustice groitbia seqaepce giolfb Stk with ZC gequefidedm)), is
i yybich the differengebepuesm it and SN iseaval IRORIESS NaBossible to
1/26 regardless of the number oéRB's, is inputted. [0098] In ST 202, _

dé 8%[‘1% F&I?&\Rﬁﬁ@réﬁipatﬁ%ﬂ EHE e LRORE PRt £EA) R sk th 2 €4ges inter-
whéreithie riensbere ovRBls isrmi Mhatis g30¢th@(m)tisrsetthighgudrycas forming
e é%rcrgig%lu ue every time the number of RB's increases.

Xth "ilm =(m-1)x0.0012 ...(Equation_8) [0099] In ST 203, whether or not r

aild K SatiSProlBRIAGERRLLIGASS i82aeia8dT SEFIRROARSTD Btk myesent
.& (EHopditionnd) J0k00] dns8Ju2a3 cifer anpl bbatpdeeciled KxXSatigiyeaquation which

I eY aPrriNerd 2R ProeRsS Rl SH 208 15 periarmed, 21, [G101] éﬂaﬁﬁ 1/26,

204, the ZC sequence having r as a sequence number is deleted from the

&6gaRd eet ¢ GrBtphiputdd FPST 261 brbYrsycorittad it HaRgIquence
arecdecided Not 0a satidtyvequatiothd (fNEHiNIGT208)nthe pracessiofSTo this,
%Q@d'sii?_effg’f@%ﬂa%()l 3151718, 15 g diggram 'UHgH@H@g 8 %q}godag uired in
gﬁleneratl_ng sequiencé droups according to the process o the sequenc
BRRHG R Nod S ERS 1Y 19 SOAPRIEFGS P8 Ryroup X represents a

Segus1ce gleup wiching aareterangeesequennes anekgralep ot iteptesemts with
%ﬂeex'%téggnﬁe%eé‘cgi groye Jonputtedin 31,201, Here, the hatenedyee. e
region represents ﬁ sequences In whic ﬁ1e H. erence between r/?\l an

rBAUB §81Grauly X 48 €108k IR0, 5 tots exdiipfe, if witieRthe FIN(Biffefeidd m))  to
StaysAMURID( & jange Ae(Q &dXtRnRH0oLL: SiX N2 e A ShOMIDINthe present
E:nf '%118I}%”ﬁ?f@@g‘é%%%%ﬁ?ﬁﬁﬂ?& Meingd aecarding IO MR RS urther add
conditions for deleting ZC sequences from a sequence group and delete
only sequences associated with the numbers of RB’s equal to or greater
than a predetermined value, for example, 10. By this means, it is
possible to prevent ZC sequences associated with smaller numbers of
RB’s from being deleted excessively and limit the number of ZC
sequences deleted.
[0109] F1G.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. Z(C sequence group 1 and ZC
sequence group 8) are the same as the conditions for acquiring the
sequence groups shown in FIG.19A and FIG.19B.
[0110] Alse, 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 fo 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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15 which the difference between r/N and rb/Nb in group X stays within the

range of (0.5-Xth2(m)) to (0.5+Xth2(m)), are deleted from the existing

sequence group Y. By this means, cross-correlation between sequence

groups is reduced. Also, according to equation 8, by setting the threshold
Xth2(m) smaller when the number of RB's decreases and by 20 reducing

the number of sequences deleted, the number of ZC sequences deleted

fronb adeguenedgrsuptis lniree: {01B3IIG A Bnd FIGK 198 dfutrataimber of

ex@mples of senugnce greuns ReAvired-hy dhe sequence @lQSalNgthe present
method.according[ tﬁ.thegfiesentréembo iment. To be]!l ore s ??flc, the 4

JETEEF I SuPE'shOWGR 28 FIBS19R Antd PicSfds ZC@@C% cdYrdifpide @
Ipdwch ACy sefjuefwe greup:8 ) carecabrpitdd acedrding 20dbel followimgquation 9,
cenditions angkpIASess: (A r ExATPLe. 19 Aenetaly 46 SequencegrouRit using

shown in FIG.19A,In. ST 101, the reference sequence length Nb is set to

13 SR ThETFIErEnek S¥aidnce Rambersid Sarto 1 2ERe ARk Xdihgne RB.
SequeREE group isicemitiBésl 0 B0ssequeneas in wHichithgrdiffeldende, -0.5! is
fiam db/NR is Q%@E%Qfd?ﬁﬁmﬁ@b%/ﬁ@g[QQ.%ﬁdﬁ%s%%gﬂetﬂb'ﬂ‘t%e'ﬁﬂfe@?ﬁd and

In ST 202, using equation 8, the threshold Xth2(m) associated with the

urbabef Mers s Vet antP ¥ 9t Ceguehcdatlifsficd eqaldhié in dtere. o
3ﬂ411i3k_ile_sledse*dtfmrmﬂeeae»dstimgqﬁ&qﬂewmagr’@upe8&5 [0l06¢ "Ehmsscutive.  For
aceording tfl’c fleresent snReAimEnk BRAMHIGNELARI SEAUEREe; 9rURSN =3 7)

the threshold Xth2(m) is set smaller when the number of RB's is smaller,

ol e EIGRSACE I SR H tRE WiftPence between r/N 22 and rb/Nb

s[te.\ys? wWithinla mam@eaﬁa(ﬁ.ﬁl—é(ﬁf‘g&(mh)a&)l(@@kiéhﬂfﬁh)édiﬂbdﬂiet&dtﬂﬁoﬂ‘iaapresent
eAlen g %He.ar%%&r%' émlx‘?‘c@ﬁaﬁs'v&hﬁ%ﬂ%ﬁ% %l?f‘f%rg%%%cgequ@een r/N and
cross-correlation between sequence groups and reduces inter- cel

iRFE Y e BSWHID HafntamEtgthéd hdmbRYZ6PEEgife bes iliigr B, are deleted
sequence §rbipsg [049dE Adsog ssupxanpissease hascbpessaesdiledtion is not
bove with the present .embodiment where a sequence grqQup,comprise
G e e R R IR ons or
t881Ea R iREN (17261 veh arRdsscomhecAunsisr of RB%2 3§ thputtedcs agmber of
Risting serpienee Hd group #2iFik 20th Haweves: therprasanddoventiQmis o be
grgég{;‘r’t‘g%?ﬁt fhig, @nd it i3 gqually, Possibledo Inbut 8, 9equence 9IOUR iy order

from the sequence in which the difference between r/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 fo 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 mnot limited to the above embodiments, and can be
implemented with various changes. For example, the above embodiments
can be implemented with adequate combinations.

[0115F 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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Embodiment 1 as an existing sequence group. [0108] Also, although an
example case has been described above with the present embodiment

where a ZC sequence, in which the difference 15 between r/N and rb/Nb

stays within a range of (0.5-Xth2(m)) to (0.5+Xth2(m)), is deleted from an
existing sequence group, the present vention is not limited to this, and,

it is equally possible to further add conditions for deleting ZC sequences

friomd dlsequentergeduse gndrdaletéh onlrsehuemost associbted gvitmtkegroup is
nyumbgees 0f RB's equal to or greater 20 than a predetermined value, for
example, 10, By this means, it is possible to prevent ZC sequences

asSotidted With: sHIHHRP AlintBefE P RE A Beingedlieleacaibadsphay e with
aevdl bioai{ thenbumiber of £Qu sequencesdeiete do 210D RIGR 0 cqnency domain

F)e. 208, 5Ru: examples ol SEAYGHEE JEAURS 22 AGHIHTEIWRSNNE and it is

number of RB's allowing a sequence to be deleted, is set 10 or more.

H&H&2 ithdosshbdiifioh ot AEtRfNG HE SEQIScd Yrotips Cstigamances that are
Fen204¢ahdi ir|Gh20B fie. ZGrsaquente groupricand AGiisefjdeneqgroups and

8%@5%%% Iaﬁ?ﬁn%%&h%éogg ons far @8‘91%}“%'3%@&‘19&9&%99 Resented by

shown in FIG.19A and FIG.19B. 30 [0110] Also, an example case has

bEYhCTE 68U AV ith the present embodiment where whether or not

r and N satisfy equation-@ ismddcidednn 1ST. 208 gthe jreSent invention is

g{;{im'}edﬁ;? Ujssa0d 1 > agually Rossiblg o vse fallowind eaUAlon Ay sents
this'means, it is possible to delete the same sequences as i the case

of i?@qéﬁf]éﬁoﬁ‘@?w& gg@eéﬁgﬁﬁé‘ &gurg_equence, and u represents the

| By b/ s - (DDA By [ S X U e s £ E QiR Q)([Odeldl] AlSO, arTexasiple, when a
case has been descr]itged aﬁli)ove with the &)resent %% embodimentz\@seéeuenws

osnequgaﬁeer%é) féngth, that s, one‘kind of the nuriber of ' RB'S iS°USed as &

réferehicd inheqdatisheacroviever fiseprése e invaition ¢¢ wortimitedass than a
thiss &nditisneduallyesiib)e deprovida a pluralityfirefierence segueness and
I%ngths usedJor a decisjon in e%uation 95 tha% is, a Eluralit)(1 of the . .

uenc}/1 %rnam Zg s'e_.gu nces share h% s mef C aractefnstzcs, and
reference numbers of S. f r exa.mple, using three reterences o
Nbieze8o Nbidrepspatr] NBSH3FE dsspbietéd with one RB, two RB's and

thieg RB'saal sequaneashinwhigh fiNhiANBI(HRDtHS clowWRE thaked above with
tresna s diN-ha/R2 L0 Rl is lower than & threghgld and. ference signal for
channel estimation, the present invention 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.

10119] 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)y=a(k)b(k mod m},k=0,1,...,.N-1 ...(Equation 12)
101211 In equation 12, N represents the sequence length, and the
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~[r/N-rb3/Nb3j-0.51 is lower than a threshold, are deleted. Here, a 10

plurality of the reference numbers of RB's need not be consecutive. For
example, it is possible to set one RB and three RB's (i.e. N=13 and N=37)

as the reference sequence length Nb. [0112] Also, an example case has

been described above with the preserd@>embodiment where ZC

sequences, in which the difference between r/N and 15 rb/Nb stays within
arraate of{RSeXIN2(sm) ] tox(DeBe Xth2(dn)), are deletedfjom Arexistingere t and

SRAuSBCE LR Haweyer, the presentjinientian jgnat Jimited t‘?etpl%s@ﬂged by

it is equally possible to further add the conditions of maintaining (Ileaving)
praHBIPRine P BetARHIAE basdd bn Mbeh HumbeF §f BRI bEsRiGesnted by
sfigdifie; threemurabenof 3equences p(m) to be 20 maintained is set in

ance in each RB, sequences are deleted in order from the sequence
in which the difference between r/N and rb/Nb is the closest to 0.5, and

deletion processmé7 @sfopgped wiiiahthe: Klimberl A 8HNIY sequences
i$ (1] ByAhis mdahsy iflis thessibie t0 ¢ndividim dieguiied seReUaNCESn “ecqual

%Cﬁﬁﬁsgﬁﬂ%@]tﬁmpﬁgiﬁ‘e%‘ss 9 4he; pregent fygntion have Deelly possible

explained above, [ S]] he sequence allocatlng metho according to
Abt

the prestis qﬂvém}em fhfted (StRERRLBYE B MG airdi Ham -
bl linfplemented ﬂvﬁhaWWQUSrﬁbaﬂgﬁ%nE@m@WEnﬂﬂ%s’ibWQd using Zadoff-

e@}}qusl eRts. 30 can be imple e(rilt%g th adeguate combinations
[0115] otr?nt ea c?v‘gegm mentswgsl,iflfﬁﬂe?ré%%d|?onsnf%r PTinited to the

GRS SERBE S rOup, é@au@%‘é@, R WHiH S VR Cubiehggic) orequence

RARR ig gfeater thant airedetermined yalpedsucivas CM i RAER in sequence
PSK, m ot be used and m a sequence group. |
TR B A B T AR RS PERLRER R Peauence

s%m@ﬁééddwuﬁﬁ}gwmwecﬁ it sGeRddrditens arexided, it is

Hessiate toml@lgthean@m@eﬁ@; $RQUeacessHbstantially %wl&ﬁ%@%ems as
sequence groups, 24% and the number of se

an exam I Tinye sthatc o
each seqiience group ' P&t Bidsld 1 28) %Ié%lp RS aWé&aUH%I%W&re the
s tiak ipaen descrived abord swithn @shbodimertsehere sequence
goLps|areioraerising SRAUEREY CIOMBIR o Zm pesengastiReRIess tion of
Invepltloptﬁeng (gllngll%agntc?otgflasd %nmq)o iments 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 LSIL,” “super LSI,”
r “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 techmology. it is naturally also possible to carry out
function block integration wusing 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,



equally possible to form sequence groups using ZC sequences that are
generated in the time domain. Here, time domain ZC sequences and

frequency domain ZC sequences satisfy the relationship represented by
following equation 11. 10 (uxr)mod(N)=N-1 ...(Equation 11) [0117] In

equation 11, N represents the ZC seqdénce length, r represents the

sequence number of time domain ZC sequence, and u represents the
sequence swatiiehef ffeduemneyedomain Z @ sequierce. Therefore, when a
sequence group is formed using time domain ZC sequences, ZC

sequences, 15 in.which the difference of u/N from the reference sequence
d88S tHgh ARREaabiiihed threshold, are found. Time domain ZC
sehuEncesard s frpgerenc\a Homaiim £ Grissfiuencas shatetihg sapdod and radio
qﬁ%@q@rﬁafeﬁ)@ 59%%@%&@&%@@5 %fe&{ 8 %%E?%JQ%&Q]OAIS&H reduce

although an example case has been describe ve wi

HFAEHAVBHS sy e Sedlidneens wagea%?&%hwgaﬂa@wammg the
chanhel esfirationg the peestrninmvgniart imueat ingited 0 thid, and Apiglicable to
edqggll%pﬁs%q%t% M8 4G Searence.gs, for example, a reference signal

for CQI estimation (i.e. sounding RS), synchronization channel, random

access preamble signal, CQI signal or ACK/NACK signal. 25 [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 30 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) 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-I ...(Equation 12) [0121] In

equation 12, N represents the sequence length, and the 25 relationship of
N=sm2 (where s and m are integers) or N=tm (where tand m are

integers) holds. Here, a(k) is the ZC sequence represented by



equation 1 or equation 2, and b(k) is a DFT sequence represented by

following equation 13. 5 [3] b;(k)=W,k, i,k=0,l,...,rn-1...(Equation 13) [0122]

Also, although the above embodiments use the condition "equal to or less

than a threshold" as a decision condition, it is equally possible to use the

condition "less than a threshold" as a gecision condition. 10 [0123] Also,

the above embodiments have been described using Zadoff- Chu

sequences. However, Zadoff-Chu sequences are not limited to the
%&%s represented by the above equations, and include a sequence
generated by repeating part of a Zadoff-Chu sequence, a sequence

Igener ted by truncatin\g#)art of a Zadoff-Chu sequence and a sequence

15 ge F@fé%%ﬂ%h% I StB%\FPS?paY‘?Eéoﬁ-Chu sequence. [0124]
Althoughpareasénhasdoden desdhibestabovenithtembocdiments agrmah using one of
S%x&mglg w %E)e atrfée Pgesggtlilnvgntion isviV rI@gzmgnteg \%ith hard\ﬁare,fthe es with
p SBRTINVERtSh a8 wﬁptl%méfﬁ%%l’ Wi scl)l?twglf%.e[ ?L%]l}]—'lﬂl lermore, e W
sequinfenctiabhdrtockre nspiayad:indthe désarigharnnd 20eachdiffthence between rb/Nb
aforementioned embodiments may. typically be implemented as an LSI i
B o R S R B R A i Bt N i
deaetidllyoar dotaibpromsiainédngmval ginglelehipfeicBitisigodptetiefeareNuis a reference

' be referred to as "IC," "system LSI," "super LSI," or "ultra

S%@%ﬁ%%ﬁ%%\’gggﬁdiffering extents of integration. 25 [0126] Further, the

method tofrsirtinia tegratiorvigigotdimitednentSHs; rafedeimpgmehtation

using dedicated circuitry or general purpose processors is also possible.

After LSI manufacture, utilization of an FPGA (Field Programmable Gate

2Array) ldedrrasornifigaratnegsrbiessnn dviteie dendctivrmscandhseingeof is a Zadoft-
@g{gg&ﬁgﬂ&igrgg E&h?éad”b?e 30 reconfigured is also possible. [0127]

Further, It integrated circuit technology comes out to replace LSI's as a

result of the advancement of semicondugetqr teghnglogy or a derivative

other technology, it is naturallyaa@@ passible to carry out function block

integration using this technology. Application of 35 biotechnology is also
possibiieEIPBETAE afsciistrsorlegahese Patent Application

N0.2007-160348, filed on June 18, 2007, including the specification,

drawings and abstract, _ ) _
3 e transmission apparatus according to claim 1 or 2, wherein the sequence length

N corresponds to the transmission bandwidth uniquely.

4. The transmission apparatus according to claim 1, 2 or 3, wheremm the predefined
number when the transmission bandwidth is large is larger than when the transmission

bandwidth is small.

5. The transmission apparatus according to any one of the preceding claims, wherein
the predefined number when the transmission band width is larger than a predetermined
value is larger than when the transmission bandwidth is less than or equal to the

predetermined vahue,

6. The transmission apparatus according any one of the preceding claims, wherein said
generating section groups sequences with sequence numbers r by which the absolute value

is less than or equal to a predetermined value for the sequence length N.



26 is incorporated herein by reference in its entirety. Industrial

Applicability [0129] The sequence allocating method, transmitting method

and radio 5 mobile station apparatus according to the present invention

can reduce cross-correlation between different sequence groups while

maintaining the number of ZC sequernces forming a sequence group, and

are applicable to a cellular radio communication system. 27 CLAIMS: 1.
transmission apparatus comprising:,a generating section configured to .

fenera e T e B T ST TR e JrSsimined vatue

fimtche ghsupytevheheind pretiefiredmissibebefideiitbricds ydts seqlientan when the

tpuﬂrgrg%rs%r, [ a%c‘%gg{qg sorﬁdﬁr of an absolute value of difference between

i and rIN are groupec?lr'lto the group with a group number rb for a

sequence length N which depends on a transmission bandwidth of the

efere ignal.. in.Nb.is a reference seguence.length; anda , . .

o T RO, SRS B ims, wherein

wrahgenissioreagsetmgarsordingnciaith sequvereimthissqubncehisia the absolute

Ladofl ey seap ?&%e@é&%&%@ﬁﬂé&( §,'¥ﬂ@<%;gie¥1rﬁé’ RIS bandwideh is.

wherein k and q are arbitrary integers. 3. The transmission apparatus

according to claim 1 or 2, wherein the sequence length N corresponds to

he trapgmission; ' ' iSsi ; : -

%ccor?j?gg to c%%ﬁg%?%“ﬁ%%&%ﬁ%ﬁ%%ﬁde in%%% %\%ﬂ%ﬁ%\%@ﬁhﬁams, wherein

sghepnrsidiEraatdwdimiss |argensdarjebensadvanepstheatfallisnivs gisnhsequence length

0andwidiis aoalef.rHhe Hansmissian aRparRius according to any one of

the preceding claims, wherein the predefined number when the

transmission band width is larger than a predetermined value is larger

fhan whgn dhedansaissiparhandwidiniis.lessAhan o AU Qdh&ting claims further

predetermined value. 6. The transmission apparatus according any one of
WPRISHREdMEFERITE Wf@fésncgai%gtg@@\épaﬁﬁ@eg@cﬁ@ﬁt@bugg@wmhe@gted to the
ML SRANBACH NUMBEHS Y Yhichhe laslieNalkRs IhIeRTINAROLignal using one

equal to a predetermined value for the sequence length N.
of the grouped sequences based on the control information.

11.  The transmission apparatus according to any one of the preceding claims further
comprising a receiving section configured to receive control information related to the
transmission bandwidth, wherein said generating section generates the reference signal

using one of the grouped sequences based on the control information.

12. The transmission apparatus according to any one of the preceding claims, wherein
said generating section generates the reference signal using one of the grouped sequences

according to a cell.

13.  The transmission apparatus according to any one of the preceding claims, wherein

said reference sequence length Nb is common to all cells.

14, Areception apparatus comprising:
a recelving section configured to receive the reference signal which is generated
using one of the grouped sequences and transmitted at the transmission apparatus according

to claim 1, and



28 7. The transmission apparatus according to claim 6, wherein the

predetermined value for the absolute value when the transmission

bandwidth is large is smaller than when the transmission bandwidth is

small. 8. The transmission apparatus according to any one of the

preceding claims, wherein said generating section groups sequences with
sequence numbers r by which the absolute value is the smaller for the

sequence length N, the larger the transmission bandwidth is..9. The . .
e e GG Sy SR QY e e diopi iy goferencesignal
wherein said generating section limits a number of the sequences

f vailagler Jger t[EIOe se ueargggclgrrgl ttiwsirl}loby grouping the predefined number of

the sequen s 1PHHE tranamission apparatus according to any one of

the precedingiciimstionthenftpmprisingecreceivintzsactios gonfigined tc generated
L{sqﬁrg“é%ec%?tggétﬁgg%r S atrlgg %edatﬁetg 1o t?(?u Eﬁ)llépwqiﬂrc@lbiesr ﬁke)lh\anQI?{ AL E%IQransmission
gerterating section ger%erapes the reférence signal using one 0 the

agroupse sehemmces rasédiondhawcontrobinferquatiors Mitiheequence numbers r in
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further ‘comprising a receiving section configured to receive contro
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grouped sequences base }

on the control information. 12." The
transrigsSioadabpEranes it erdingitehinydenw dilte riadudithosi dmesterence signal.
wherein said generating section generates the reference signal using one

of the grouped sequences according to a cell. 13. The transmission
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apparatus comprising: a receiving section configured to receive the . )
CFRASTERTETSIIRAF W CIY IS G ER it CTIEINg Bhtéion trechreusareenascdanal, which
iangd teansmitter.ab e dransnissiptiaRRALS acRRIMNG dR Claimol iaRfmation and

29 a demodulating section configured to demodulate data based on the

traientee GdrairaasnasieBSpRBR WS paratus comprising: a receiving
section configured to receive a reference signal, which is generated using
one of sequences grouped into a group and which is transmitted at a

lfansntieSidRCaiat afhe i i Q15 88ethetiHimber 8t skyuBktEs \GRAprising a

tﬁa@ﬂ@m@ Sumbﬁrgd?mg@@aemdima@ﬁ@ewﬁm ﬁﬁ@%ﬁﬁdﬁ%mﬁd@f@ggn%smissm
etween rb/Nb and r/N are grouped into the group with a group number
bﬁdl%&igt%eeué%ﬁéfﬁéﬁawwh?eﬁaa@wéna’éﬂswu%?ﬁ%rﬁ?géiaﬁlg section receives the

reference signal, which is generated using one of the grouped sequences based on the

control information and transmitted at the transmission apparatus.

18.  Areception apparatus comprising:

a transmitting section configured to transmit control information related to a group
number rb to a transmission apparatus; and

a receiving section configured to receive a reference signal, which is generated
using one of sequences grouped into a group based on the received control information and
which is transmitted at the transmission apparatus, wherein a predefined number of
sequences with sequence numbers r in ascending order of an absolute value of difference
between rb/Nb and /N are grouped into the group with a group number rb for a sequence
length N which depends on a transmission bandwidth of the reference signal, wherein Nb is

a reference sequence length.



bandwidth of the reference signal, wherein Nb is a reference sequence
length; and a demodulating section configured to demodulate data based
on the reference signal. 16. The reception apparatus according to claim
1.5 further comprising a transmitting section configured to transmit control
information related to the group numberrb to the transmission apparatus,
wherein said receiving section receives the reference signal, which is
generated using one of the grouped sequences based on the control
information and transmitted at the transmission apparatus. 17. The
receptiOre appatatn sippoatdings tordiaigtd Bogr dis i themeohpsiBgeherein a channel
Jransmitind sserenranfiauied ia fanemissantieljplgrmation related to
e transmission bandwidth to the transmission apparatus, wherein said
receiving section receives the reference signal, which is generated using
Ane of g auRsHRRANEACER RASRA o e FaplIglnformation and
transmitted at the transmission apparatus. 18. A'reception apparatus
comprigiviipiagiansraitingdseendarconsiirsg o trithswitieserrolmbers r in ascending
Jrierpatanselated I R AP URrIUMDR 10,2 H AN THESIR0 &P&%@H&ﬁ with a group

and a receiving section configured to receive a reference signal, which is
Hepratdd fefsih g iies dapish A s whisipdepenssacgrou i tesseidsomtthendwidth of a
HEeRIVEd Fanr QL iniRimalion AR WRICHIS SRS Ul akie transmission
apparatus, wherein a predefined number of sequences with sequence
numbdi@eiftiREcBAdE DreRPlenallalsateO) NG BTuEb FeRRNdsEtween
rb/Nb and r/N are grouped into the group with a group number rb for a
sequence length N which depends on a transmission bandwidth of the
reference signal, wherein Nb is a reference sequence length. 30 19. The
reception apparatus according to any one of claims 14 to 18, wherein a
channel quality indication is calculated based on the reference signal. 20.
A method for generating reference signal comprising: grouping a
predefined number of sequences with sequence numbers r in ascending
order of an absolute value of difference between rb/Nb and r/N into a
group with a group number rb for a sequence length N which depends on
a transmission bandwidth of a reference signal, wherein Nb is a reference
sequence length; and generating the reference signal using one of the
grouped sequences.



