-1- DESCRIPTION BASE STATION DEVICE, MOBILE STATION
AND WIRELESS COMMUNICATION SYSTEM, AND COMMUNICATION
CONTROL 5 METHOD TECHNICAL FIELD The present invention
generally relates to a radio communicafidn system. More patrticularly, the 10
present invention relates to a base station, a mobile station, a radio
communication system, and a communication control method_
BACKGROUND ART roA successottcomiihication system to W-CDMA
and HSDPA, i.e., Long Term Evolution (LTE), is currently being discussed by
SRRl Ao L o vt e e
division multiplexing EM)’is 10 be used as a downlink radio access
method 20 ahd SinglElEarierfrégliencyr divisionFrultiple el tess(SCLFDMAROL
is40 besedras an uplink radio access method (see, for example, 3GPP TR
23.814 (V7.0.0), "Physical Layer Aspects for Evolved UTRA," June 2006). In
OFDM, a frequency band is divided into 23 multiple narrow frequency bands
(subcarfier3) arftLdataare transmitted on the subcarriers. The subcaEriers
are densely arranged @lopgdherfrequeney axis.sughnthak they partly overlap a
each ofher but do pat interfere with egeh giher. This.approach enables, —che
hi h-speeé{ transmission andl 30 improves frequency efficiency. In
ég-F[ﬂ\ﬂ?\? Afreqtiehe]) barid i 8hidéed int® maltipfeSffeqtienty Bands aRd'the ©
frequency thands areallocated to diflesentuterminalsfor tragsmissjon inerd-  a
order to reduce interference between the terminals. Also, SC-FDMA reduces
variation of the transmission power and therefore makes it possible to reduce
power consumption of terminals and to achieve wide coverage.

BACKGROUND ART

15 A successor communication system to W-CDMA and
HSDPA, i.e., Long Term Evolution (LTE), 1s currently
being discussed by 3GPP, a standardization group for W-
CDMA. In LTE, orthogonal frequency division multiplexing
(OFDM) 1is to be used as a downlink radio access method

20 and single-carrier frequency division multiple access
(SC-FDMA) is to be used as an uplink radio access method
(see, for example, 3GPP TR 25.814 (Vv7.0.0), “Physical
Layer Aspects for Evolved UTRA,” June 2006) .

In OFDM, a frequency band 1s divided into

25 multiple narrow frequency bands (subcarriers) and data
are transmitted on the subcarriers. The subcarriers are
densely arranged along the frequency axis such that they
partly overlap each other but do not interfere with each
other. This approach enables high-speed transmission and

30 improves frequency efficiency.

In SC-FDMA, a frequency band is divided into
multiple frequency bands and the frequency bands are

allocated to different terminals for transmission 1in



5A reference signal for uplink in E-UTRA indicates a pilot channel that is

used for purposes such as synchronization, channel estimation for coherent
detection, and measurement of received SINR in transmission power control.
The reference signal is a 10 transmissic‘)ﬁ‘signal known to the receiving end,
i.e., the base station, and is embedded at intervals in each subframe.

In W-CDMA, a user-specific PN sequence, more precisely, a signal sequence
obtained &yrmuftiphyidyg @eJo Iormy-EyelerGeldosequeticetdrrd anorthogonal A1lso,
sequepee risiusedaas thesreference signal {pilatchabaghn Since-thedNer  ana
sequence s long it s possible (o generate many diferent il sequences, o,
However, since tﬁe correlation Eropertles of BN sequencgs are poorﬁﬁe
accuraty 6f20' ehanRekestimatics gy Bedore (6 # d8Fer words, the
interference between a pilet ebannel of aguser antba pilatchannel of,anetherra
user may become hioh Alsp. In.a multipafh. environment. fhe aylocoreiation .,
between a pifot c%ann%llsequence and its delayed wave becorﬁes%lgsn. 25 In
W-CDRR, simpfé rseeptivniprocessingsich as RAKE ré@ptiorPis erfiplayeen t
Meanwhite; @ Enl) TRA systemds designedto suppressthe mudtipathinr in
interference hgsed on highly-accurale hannglestimglion ysina.for example,
an equalizer. For tjhls reason, in E-UTRA, a constant 30 amplitude and zero
difto-chReIatib(CAZAC) S8ddenteig uséd instead 6F auserispetific PN- - © -+
sequence. theGGAZAEsequencehasexcellemtdded at intervals in each
autocorrelatignpropertiesandcross-correlation properties and therefore
enables highly-accurate channel estimation. In other words, compared with

the PN sequence, the CEZAt seqientmakesit possidil to> ety fprove ©
the demodulatidry accuracyy\With therb<CAZACsequente pthewatiatiohyn the a
amplityde of a signalds smallhotbndhe freayency, domain apd the time.c ;s

domain, i.e., the amplitude of the signal becomes comparatively flat.
Meanwhifé \iith theSpMSdeqUitice, the?faration' tthe Apfittids of A Sighal“ e
is larg@tin thedl®frequency tomain. ifthus susing theoCAZAC seguengee many

makes;it P?é?@fll% topaccy _@}@Q’nl%%@qr_”h%ﬁ@%%' ,95@%@_” foreach, re1 ation
frequency using an equalizer. Also, since the autocorrelation of a transmitted

CAZAB & Uentehetdmés zéio it & possibieto Rstitice the fG&nee of 35 ©F
miltipatkeinterfereatemation Stifly theeCAZAClseguehce tialsgproblensssas the

described below.rThe pumber of seqyences isishalbl of a user and a
pilot channel of another user may become high. Also, in
a multipath environment, the autocorrelation between a
pilot channel sequence and its delayed wave becomes high.

25 In W-CDMA, simple reception processing such as RAKE
reception is employed. Meanwhile, an E-UTRA system 1is
designed to suppress the multipath interference based on
highly-accurate channel estimation using, for example,
an equalizer. For this reason, 1in E-UTRA, a constant

30 amplitude and zero auto-correlation (CAZAC) sequence 1is
used instead of a user-specific PN sequence.

The CAZAC sequence has excellent

autocorrelation properties and cross-correlation



Since it is not possible to assign unique 20 CAZAC sequences to respective
users, it is necessary to repeatedly or cyclically assign a limited number of
CAZAC sequences to multiple cells (hereatfter, this is called 'cell reuse"). The
number of sequences becomes particurzfﬁy small when the transmission

band in SC-FDMA 25 is narrow. In other words, when the transmission band

in SC-FDMA is narrow, the symbol rate becomes low and the CAZAC
sequencetengthdecradsddi4n E-UTRA a péfesehca Bignatjgcurate channel

time-division=raultiplexedr Therefere, the symbol ralelecames lovwandthe py
sequence 1Il%n%tg 30 %%reagggwen the transmi%lsi(%n band is narrow. 'E

se% nce, s?ﬁuence akes 1E %0331? Q? to
number o sequencesconespondsto e sequence engﬂL orexample

when heeséduenceterytl is 12syrisaisdi tetransmission band-of 180 kHZthe
it s notpossibledgucbrice, the variation in the amplitude of a
signal is small both in the frequency domain and the
time domain, i.e., the amplitude of the signal becomes
comparatively flat. Meanwhile, with the PN sequence, the
variation in the amplitude of a signal is large in the
10 frequency domain. Thus, using the CAZAC sequence makes
it possible to accurately perform channel estimation for
each frequency using an equalizer. Also, since the
autocorrelation of a transmitted CAZAC sequence becomes
zero, it is ©possible to reduce the influence of
15 multipath interference.
Still, +the CAZAC sequence has problems as
described below.
- The number of sequences is small.
Since it 1s not possible to assign unique
20 CAZAC sequences to respective users, it is necessary to
repeatedly or cyclically assign a limited number of
CAZAC sequences to multiple cells (hereafter, this is
called Y“cell reuse”). The number of sequences Dbecomes
particularly small when the transmission band in SC-FDMA
25 is narrow. In other words, when the transmission band in
SC-FDMA 1is narrow, the symbol rate becomes low and the
CAZAC sequence length decreases. In E-UTRA, a reference
signal 1s time-division-multiplexed. Therefore, the
symbol rate Dbecomes low and the sequence length
30 decreases when the transmission band is narrow. The
number of sequences corresponds to the sequence length.
For example, when the sequence length is 12 symbols in a

transmission band of 180 kHz, it is not possible to



assign user-specific sequences and therefore it is necessary to repeatedly or
cyclically assign 12 sequences to multiple cells (may be greater than 12)

such that the same sequence is not assigned to 5 neighboring cells. -
Cross-correlation between CAZAC sequences with different lengths varies
rather greatly depending on the combination of the CAZAC sequences. When
the cross-correlation is high, the accuracy of channel 10 estimation is
reduced:sign  WNext,SCeFDMA usedasaneplink rddiotdecessanethodtin s
F-UT%‘%%%W)SQ%NQ re@@ale;@?wleolp Inb%&EDM#@ Sysﬁ%@ign 12
requency band is divided into.multiple resource blocks each of whic

oS SR B i 1ore S Ere B uel i (e bt oS U7
is allocated onetortmordiesodrsechlociesTur fretjuehey selveduling s taimprové
the transmissien afficieacy or the throughput of the entire system, resource
blocks are allocated prgﬁ_ﬁe()rggt_i%(l}yrtr()elisecri%evic%% with good g%@an%eluences
conditions according to receive signa?quaﬁty or cthannel quality indicators
(CQis)'measretiaie répotetBdsed G d6wnlifk-pitct chafRésorrpieending
respediive resourcentoeks bythedsser-devicesz krequenay hepping wrhere the
allocatin,of regueney blosks 28is yaried according.fo g fiegyency hopping,. ,
pattern may also be empjloyed. nFIG. 1, time and requency

reSourees dlibkafdd focdiffereriaisers are represented by different hatchings.
For example, a relatively, wide-30fiequency bandds alledated ta-bEDindheess
first sybfraime. byt a relatively nagrow frequency band.is allacated tg UE2in

the next subframe. Different frequenc%/ bands are allocated to the respective
users stichthaf tHé&* freGueniéy bafds'dE ABEBGEMapa Y 5 InNBEESMAL T
different:ifimiecard frequency resburtes arecallocatedodespectiveddsersirraor

cejl for ransmigsion {o; achieve orthogopality befween the p users i the cellg)
Here, the minimum unit of the time and frequency resources is called a

resourtd ufit (REH" it SEAEDMIA, BUeSnsECafiE freqliency Band 1S alfoedtsdcY

to eachalsedtd achieve singlescarvier trarsnissioamiitsadow efficiency or

Deak‘tQH%V?{ﬁ%WtT atje (E’ﬁtf @mﬂ'?&agﬁ'% ©of 10 thedime @é‘dofi%%%%n%)’re
resources in SC-FDMA is determined by a scheduler of the base station

basedbn propagatioR conditions 8f reSpettive Ugefs ahd 1he Guialify'of*  9°°¢
sdtvice{@os) bf dateltg-hetransmitted.iThe QoSrinchides’a datmerte,caality

desired errotgate,and a;to, delgy. Thus; in SC-EDMAthe) systemdhroughpait o
is improved bty gllo%atin dtime and dfre%en?y resources gﬁovidinftg goofd h
propagation conditions o respective'lisers."ReSpective base stations °* ©

separatefrdetermine resource  blocks Dby the user devices.
Frequency hopping where allocation of frequency blocks

25 is wvaried according to a frequency hopping pattern may
also be employed.

In FIG. 1, time and frequency resources
allocated to different users are represented by
different hatchings. For example, a relatively wide

30 frequency band is allocated to UE2 in the first subframe,
but a relatively narrow frequency band is allocated to
UE2 in the next subframe. Different frequency bands are

allocated to the respective users such that the



20 allocation of time and frequency resources. Therefore, a frequency band
allocated in a cell may overlap a frequency band allocated in a neighboring
cell. If frequency bands allocated in neighboring cells partly overlap, signals
interfere with each other and their 25 quéﬁty is reduced. Next, a
reference signal in uplink SC-FMA is described with reference to FIG. 2. FIG.
2 shows an example of a subframe structure. The packet length of a TTI
called arsubframeg 3G isIE nte Oné stbfrehse includes 14 blocks to be

submitted to FFT. Two otherdébocks aredisegfor ransmission ofdequency
reference g]i%nal and the reﬂainintq 2 blocks are used for transmission of
r a

data. 6 ecr%?ergﬁc?eslgna(ﬁgﬁm%-diylgioﬁ-eﬁﬁﬁt?p éxed vﬁﬁlz-alsdajté1 a celd
channéR Thé fFamsmiission bahdwidth issiinamicallychiangeeradedrdingto the

the resitsref fragqueney scheduling by, the base statioi SMWhen e the time

transmis%jortl bandwidth decreases, the symbloj rate decreases and theC

an reguenc resources 1S7Ca S .3 esource, uni (RU).
sequence Iengtﬁ of a reference signal to be transmitted in a _flrxed time period
decredsess WHeHhe frafisrissivh bandwigtinereades) the symboPfatesd to

increases and 4he sequence length ohg1kd-reference sighaldoibes transmitted a

in a fixpd fme period increases: When 8 referance signals (o8 tasmitted, ¢
using a narrow band, for example, a 180 kHz band that equals one resource
drit orTEsubeatifers, AR numbet $tsybolShecdirias 12 1 thiscasebotht

the Jo&etqyﬁmcedan_gip a_md ébemml@er_ojiseqqenm_bemeab@ub:iazed on
When a reference signal Js 40 be ransritted using g wide band, for e%.(ﬁg]pg%he

a 4.5 MHz band that equals 25 resource units or 300 subcarriers, the number
of synfBtis be¥omes 00V 117 thid €ase, BdthtRésebtiehte eyt Bhd“o0! the e
numbercsf seéguéndes becoire abautt800.a desired error rate, and a

Meanwhile, orthoggpalizatignofmultiple xeference signals.hy using,ugnput  is

CyCllcai”r%/}-)?:hc;ggddCAb?/ACallocating time and frequency resources
providing good propagation conditions to respective
users.

Respective base stations separately determine

20 allocation of time and frequency resources. Therefore, a
frequency band allocated in a <cell may overlap a
frequency band allocated 1in a neighboring cell. 1If
frequency bands allocated in neighboring cells partly
overlap, signals interfere with each other and their

25 quality is reduced.

Next, a reference signal in uplink SC-FDMA 1is
described with reference to FIG. 2. FIG. 2 shows an
example of a subframe structure.

The packet length of a TTI called a subframe

30 is 1 ms. One subframe includes 14 blocks to be submitted
to FFT. Two of the 14 blocks are used for transmission
of a reference signal and the remaining 12 blocks are

used for transmission of data.



sequences is proposed. As shown in FIG. 3, when cyclically-shifted CAZAC
sequences are used and all 25 multipaths are within the amount of cyclic shift
(cyclic shift amount), it is possible to orthogonalize reference signals of
different users and antennas. Even whéfi different users transmit the same
sequence at the same timing using the same frequency band, it is possible to
30 orthogonal ize the users by cyclically shifting the sequence. orthogonal
covering, as shownlineFIG. % isersdcand 2 ay bse different CAZACvision-

sequences apddiffgreny; cyelic shift amounts asdeng as the same EALAG sion

sequence and t?e same cyclic shift amount are useC(%j for two reference 5
signalsi,1 ?nngvéb% r%mel. %Vitf?%ﬁﬁ%%lp%a;c)a{ggh, a%learr%ﬁcea woar(%f'cecré?r%&ra1 %ign%?s artehe

despreah thé users béeemesrtiogeraPwWith Eath bthert BISCROSURRE O -

INVENHEN 40PROBLEMS I Q BESQUVERBY ddtE NVENTIONe symbol

However theo%bcolyeeaks)%%k\g/;\%f%%dt%% technolorgl%s Qave P oble{nsaasreference

descrilgégl below. en the Isar%eeqflrlé%qﬁencyebna% with the same
bandwidthis tisedqdn the basé 3taibs 8Wn cell arfd af iabintériélthg eélr1od
the cress-eenelation (interferenee) beiweendeferencessignalstisingrfCAZAL: s,

sequenges Beraes Yery Law and,therefor the communioation Qualitiso
improved. However, in SC-FDMA, since the frequency bana 20 ané1 e .
Bahdwidth“difseated 16 @aser cRangé frdmaitid 16 tifve attordingftoxed  time

schedgleing_tﬁsulﬁs;dtdsaraéestham}hersame ffquemycb_andwhﬁ_lalhe sameo be
bandwidth s, allocated to; both the, user and anjintesfering stafion. Inothey

words, in most cases, even if the bandwidths 25 are the same, different
frequeRe) Hahds are*Sifscate i the Ter and the irfterfering staion 2hrech /
a case; ke interference ercorrelationdietareenza certainndombmationefth the

GAZACSRauencesmaybecome: Righand the semmupicgtion qyalityfay,he, «
reduced_ As described above, _ , , _
12, When a reference signal is to be transmitted using a
wide band, for example, a 4.5 MHz band that equals 25
resource units or 300 subcarriers, the number of symbols
becomes 300. In this case, both the sequence length and
20 the number of sequences become about 300.

Meanwhile, orthogonalization of multiple
reference signals Dby using cyclically-shifted CAZAC
sequences 1s ©proposed. As shown in FIG. 3, when
cyclically-shifted CAZAC sequences are used and all

25 multipaths are within the amount of cyclic shift (cyclic
shift amount), it is possible to orthogonalize reference
signals of different wusers and antennas. Even when
different users transmit the same sequence at the same
timing using the same frequency band, it is possible to

30 orthogonalize the wusers Dby cyclically shifting the
sequence.

It 1is also proposed to orthogonalize two

reference signals by employing orthogonal covering. 1In



30 since the number of CAZAC sequences usable for reference signals is
small, CAZAC sequences are assigned cell by cell. If one CAZAC sequence

is always used for a bandwidth in a cell, interference may become -8-
continuously high in all frames and the tommunication guality may be

reduced greatly depending on the combination of the bandwidth used in the
cell and a bandwidth used in an interfering cell. In W-CDMA, the 5 interval
between teferened sigpratscisngery fongs Thierefore, Blen iffhigh siterfedenceds 2

observed inatkameritis expected that $he nteHerencedegreasesita cyclic

succeedingframe, Topreventinterterencefiombeconipg 10 continyously fgh,
In tempora Iy-consecu ive ramesg,, one of the following two mgt%olas may oe

employédicsequenée hopping where differeneCAZAC séqiientes aresdsacbince
the copsecutive framessapd cyehic-shift hopping wheresthenameunt of the two
cyclicarll tsehriféirqg the gﬁznécf‘ssequence igetge Jeoat%me dtirﬁgtiorh isseq:gangggcome
(hoppe(% for each frame. With the C)}éﬁc-s ift hopping, since the
numbéroTeEfie shift arbutitslis rited to about six when the CP length and
the delay spread are taken into account, the effect of interference
randorg@éi]ggsié}%ﬁ Igpit?gvg\gtﬁm@ sequence hopping, a greater effect of
interfe izati xpected particularly when a wide
SIS s ef e en 2farge nbhber'of'Sequences are
available. Howevergwhenea narrow tequency:bandfor€xamplecomeologies
resourggwi%%%b(&% is usgd..nly, aboyt 1.2 sequences can be generated.

Therefore, even if the CAZAC sequences are randomly changed (hopped),

the same CAZAC s&ytence’ may’ BBUsed BBt orcedAT2 frahiés e same
neighboringvaeltshanic as aeresutt, apacketserrertmayde caused. 3@0neand an
abject of the present invention is fo solye.ar reduce one: or,mare fthe abgye.
problems and to provide a base station, a mobile station, a radio
commBficafioh syster Sang a tommtinicafion Cohfrofmefitst that take Gemes
possibie to/ flekibly reuse CAZAE  referendes signatsegueacesfor muitipley is
cells in ap E-LLERA system and thereby to reduce the influence of

characteristic degradation caused bsy cross-correlation.
However, 1in SC-FDMA, since the frequency band

20 and the bandwidth allocated to a user change from time
to time according to scheduling results, it is rare that
the same frequency band with the same bandwidth 1is
allocated to both the user and an interfering station.
In other words, in most cases, even 1f the bandwidths

25 are the same, different frequency bands are allocated to
the user and the interfering station. In such a case,
the interference or correlation between a certain
combination of CAZAC sequences may become high and the
communication quality may be reduced. As described above,

30 since the number of CAZAC sequences usable for reference
signals is small, CAZAC sequences are assigned cell by
cell. If one CAZAC sequence 1s always used for a

bandwidth in a cell, interference may become



5 MEANS FOR SOLVING THE PROBLEMS An aspect of the

present invention provides a base station for communicating with a mobile
station transmitting an uplink signal according to a single- 10 carrier scheme.
One of sequence groups each specifyin‘& Teference signal sequences for
respective radio resource bandwidths is assigned to the base station, a
different one of the sequence groups is assigned to a neighboring cell, and

the molsiletstation tfansmitgthel oplimk sighedfie includihgdre of theveferencen
signal sequenges specified:by one.of the sequence groupsassigned todhe the
base station. Ihe base statign includes a scheduler configyred to aljgcate
radio réSOUrCes such that one or more rescurce units are allocated to the

mobileé>stativhPo for e6mnmimicationt; e FEpgoTing Unit ebhfigured o FépBit thehe
allcategragio resoyegasand a eyelic shiftameunttoithe mepilestation; andy .
2 demadulating.unit configured tg demodate the uplink signalecefved fiom .
the mobife station’based on one of the reference signal 25 sequences
correspéitiihg totore of tHerHdi6! réSeurce santhwidthisSarrd fife E¢clicestifis 1n
amount. Eelldeuse is applied to the reference signal sequences to be

transmitted using ope res%urggeurggt, anqggggggggﬁggpingf\gggre digggeoq\ging
ones of the reference signafSO sequences are assigned to consecutive

Subfrafifies is 4ppied to'the refetencd'Bigyial $8GGEREES t bEtrahshtiftéd ©ne
using a bandwidth greater tharwonentesortiee nay. »d0employeAnotheruence

aspect,af ine pregent lnventen provides a,mohile station transmiffing.an , 1y,
uplink signal according to a single-carrier scheme. The mobile station

includ&S A5R6Hge’ Gnitorffigured ' st Séquehce 5 groips 8gchhere the
specifyingueferemce sighat sequencestior rgspectivexadio resquecece in the

handwidths; atransmiting unit,configyred, i, determing oneof the reference

signal sequences corresponding to one of the radio resource bandwidths

based on radio res8iirces aliBCatety'a bas 10 statiGR to Shift tie 1ce the
determinedeonecdt the réferendeidignalsequences by andyclic shift ammount six

assigngddby thebase station.rand.te trapsmit ihe uplinksignalincludingthe
shifted one of the reference signal sequences. Cell reuse is applied to the

refereiGE Sighatl 25 $quiehtes to 58 transmitted Gsifg ore Fesdliréd tnit?  *°
and seguenicechoppitg whese differentenésppthereferepcesigmaleffect of

sequenges are assigned 1 gansesutive subframes is.grplieditoghe refarence

signal sequences,tg be_transmitted sing a,bandmgth qreater than one
wh%ﬂ)a.wA e fre%uenqg and 1s . used,. 1.e..,. when a. large

resource 20unit. Another aspect of the present inverition provides a radio

commaonitation systerpafckielimg a mobileavailable. However, when a
narrow frequency band, for example, one resource unit

25 (RU), is used, only about 12 sequences can be generated.
Therefore, even 1f the CAZAC sequences are randomly
changed (hopped), the same CAZAC sequence may be used
about once in 12 frames in neighboring cells and as a
result, a packet error may be caused.

30 One object of the present invention 1is to
solve or reduce one or more of the above problems and to

provide a Dbase station, a mobile station, a radio

communication system, and a communication control method



station configured to transmit an uplink signal according to a single-carrier
scheme; and a base station 25 configured to communicate with the mobile
station. One of sequence groups each specifying reference signal sequences
for respective radio resource bandwidths’is assigned to the base station, and

a different one of the sequence groups is assigned to a neighboring cell. The
30 mobile station is configured to transmit the uplink signal including one of
the referertcensiynaliseqrrencesspetifief Inroke of thaisequdridegrotipsrence
assignedqte-the hase-statian.cHhe hase stationdacludesa sghedulgira system
configured to allogate radio respurces puch that one or more fesource unlts, ,
are alldCated t6 the mobile station for communication, a reporting unit
configdrstririreprtthenalfscated radiosresenicesiand @acyclic shift amount 5
tosthe mobile station, and a demodulating unit

MEANS FOR SOLVING THE PROBLEMS

An aspect of the present invention provides a
base station for communicating with a mobile station
transmitting an wuplink signal according to a single-

10 carrier scheme. One of sequence groups each specifying
reference signal sequences for respective radio resource
bandwidths is assigned to the base station, a different
one of the sequence groups is assigned to a neighboring
cell, and the mobile station transmits the uplink signal

15 including one of the reference signal sequences
specified by one of the sequence groups assigned to the
base station. The base station includes a scheduler
configured to allocate radio resources such that one or
more resource units are allocated to the mobile station

20 for communication; a reporting unit configured to report
the allocated radio resources and a cyclic shift amount
to the mobile station; and a demodulating unit
configured to demodulate the uplink signal received from
the mobile station based on one of the reference signal

25 sequences corresponding to one of the radio resource
bandwidths and the cyclic shift amount. Cell reuse 1is
applied to the reference signal sequences to Dbe
transmitted using one <resource unit, and sequence
hopping where different ones of the reference signal

30 sequences are assigned to consecutive subframes is
applied to the reference signal sequences to Dbe
transmitted using a bandwidth greater than one resource

unit.



configured to demodulate the uplink signal received from the mobile station
based on one of the reference signal sequences corresponding to one of the
radio resource bandwidths and the cyclic shift amount. The mobile 10 station
includes a storage unit configured to stord'the sequence groups; and a
transmitting unit configured to determine one of the reference signal
sequences corresponding to one of the radio resource bandwidths based on
the radio resourcesfalfodated by iebase P fio stdtion, tershiftithe determingdn

one ofgherefarence signal sequences by theneyelicshitt amount reperted hya1

the base séartéon, ar}d toatransnm't the u]plirlllé Ei%ncarlll includiﬂ?eth% %hiiflt%d gpgtof

the referénce signal Sequénces. Célfreuse'is applied to the réference Signat "

20 sequEhcesad bé trafsmitiedl using-onedeseaircednitt andsseggenegquence
haopping-whete differenteaes of theyreferenee signakseguances arie assigned r
to consecutive subframes.is aprIied to the refergncg ﬁilgr]al seqyences to l%e
respective radlo esource bandwidths; __a | ransm1§ ng
transmlttea using a bandwidth greater than one resource 23unit. Stil
anothéfaspeet of #ie presertt inFeriohiprovides & EomitufrcatisAcontrorgnal

methoddigeshinea radio-eempunicationsystearineading.a mebilestatiopource
transmitfing, an uplink signa! agcording fo,a single: 30 carier scheme and 8,5,

base station communlcatlnsg with the mobile station. One of sequence groups

ddch spetiyitiy refetentelsigndl seqienced fotiespatiive fadic Fesblirde ence

bandwiditisas assigned de shechase stationiandsai£i2-amount assigned by
the Dbase station, and to transmit the wuplink signal
including the shifted one of the reference signal
sequences. Cell reuse is applied to the reference signal

15 sequences to be transmitted using one resource unit, and
sequence hopping where different ones of the reference
signal sequences are assigned to consecutive subframes
is applied to the reference signal sequences to be
transmitted using a bandwidth greater than one resource

20  unit.

Another aspect of the ©present invention
provides a radio communication system including a mobile
station configured to transmit an uplink signal
according to a single-carrier scheme; and a base station

25 configured to communicate with the mobile station. One
of sequence groups each specifying reference signal
sequences for respective radio resource bandwidths is
assigned to the base station, and a different one of the
sequence groups 1is assigned to a neighboring cell. The

30 mobile station 1is configured to transmit the wuplink
signal including one of the reference signal sequences
specified by one of the sequence groups assigned to the

base station. The base station includes a scheduler



different one of the sequence groups is assigned to a neighboring cell. The
method including a radio resource allocation step, performed by the base
station, of allocating radio resources such that one or more 5 resource units
are allocated to the mobile station for communication; a reporting step,
performed by the base station, of reporting the allocated radio resources and

a cyclic shift amount to the mobile station; a transmitting step, performed by
the mobilefstatioadoftr0 rranswitting thel uplinie sighat based on thegadieone or

resourggs anddhe cyelic shiftamgunt reposted-byithe-base statighiand @ation
demodfuolgtiré%stedor1 .pea[tcolrmed by the baﬁ station, tof demadulat

I o) &, repo ng, unit c n%% o) éggE%eggngﬁt
signal réceived from the mobile statibn based on one of the Teference 1
signal seguenées edrespandifg 16 drersithe radiorreSoGreebaittinitithamavd t
the cyelic shiftamoubt Cell reyse is appliedtodthe refergpeesignaling  unit
sequences (o pedransimiied using pne,fesoyree. walt and seayence hogeing. ,
where d‘?ﬁere%t ones O(% the reference S|gnal sequences are assigne to
conseé&tiiverSibitamées i applidth s thetreférefce Sighat seghences o lse gnal
transmited aising a bardwidih greater than ene resouregdinitadio resource

bandwidths and the <c¢yclic shift amount. The mobile
10 station includes a storage unit configured to store the
sequence groups; and a transmitting unit configured to
determine one of the reference signal sequences
corresponding to one of the radio resource bandwidths
based on the radio resources allocated by the base
15 station, to shift the determined one of the reference
signal sequences by the cyclic shift amount reported by
the Dbase station, and to transmit the wuplink signal
including the shifted one of the reference signal
sequences. Cell reuse is applied to the reference signal
20 sequences to be transmitted using one resource unit, and
sequence hopping where different ones of the reference
signal sequences are assigned to consecutive subframes
is applied to the reference signal sequences to be
transmitted using a bandwidth greater than one resource
25 unit.

Still another aspect of the present invention
provides a communication control method used in a radio
communication system including a mobile station
transmitting an wuplink signal according to a single-

30 carrier scheme and a base station communicating with the
mobile station. One of sequence groups each specifying
reference signal sequences for respective radio resource

bandwidths is assigned to the base station and a



25 ADVANTAGEOUS EFFECT OF THE INVENTION An aspect of

the present invention provides a base station, a mobile station, a radio
coumunication system, and a communication control method that make it
possible to flexibly reuse CAZAC refereﬂ(,?e‘signal 30 sequences for multiple
cells in an E-UTRA system and thereby to reduce the influence of
characteristic degradation caused by cross-correlation. --13-- BRIEF
DESCRIPTIORIOF THE DPRAWINGS quence FGOTHS a dravwinglibustrating 2
Sing'?t@@i@%&%@%; cell. TEéGm%islacplrawmwyﬁga@ngreﬂiﬂen@@s%urce
signals used in single-carrier FDMA; IG. 3.is a drawing illustrating
otore Rt SGPaIS oot A EngETo AR EBMRY TS G 1 g ©F
illustratihgaeferenge sigithle usee 79 Sirgfte-cafiieFDNMRE 10FIGSS5 g more
drawing:iustrating:a radio comrunication system-aecordingite afttation for
embodiment of the present invention:, ,, . FIG- 8is alablesshowing, . .,
exemplary assignment of reference S|gr?al seqﬁén es accorglng {0 an
embodifieht @lio of the prResent ivertion2 1 L ocatps Al paRrt bistke and
diagram of/base stationraccosaiagrieo antembedigmentebthe-preseation; a

5 st or R LRk o Amovle LA, o
10 transmitting the wuplink signal Dbased on the radio
resources and the cyclic shift amount reported by the
base station; and a demodulating step, performed by the
base station, of demodulating the uplink signal received
from the mobile station based on one of the reference
15 signal sequences corresponding to one of the radio
resource bandwidths and the cyclic shift amount. Cell
reuse 1s applied to the reference signal sequences to be
transmitted wusing one <resource unit, and sequence
hopping where different ones of the reference signal
20 sequences are assigned to consecutive subframes is
applied to the reference signal sequences to Dbe

transmitted using a bandwidth greater than one resource

unit.

25 ADVANTAGEOUS EFFECT OF THE INVENTION

An aspect of the present invention provides a
base station, a mobile station, a radio communication
system, and a communication control method that make it
possible to flexibly reuse CAZAC reference signal

30 sequences for multiple cells in an E-UTRA system and
thereby to reduce the influence of characteristic

degradation caused by cross-correlation.



FIG. 9 is a drawing illustrating an exemplary method of assigning reference
signal sequences according to an embodiment of the present invention;
25FIG. 10 is a drawing illustrating selective use of orthogonalization and
interference randomization for base statibhs according to an embodiment of
the present invention; and FIG. 11 is a flowchart showing a process
in a 30 radio communication system according to an embodiment of the

Ave {PLANNA OF R RENCES --14- 50Cell 1001,
1002, 1002, 100,Mebite station;L02QFDN signal,demodudation tnif  single-
104Upéigk}sichredﬁjmg-grant-signal 5 demodulation/decoding unit
106Broadcast-channel demodulation/decoding unit
1080ther-control-afddatassighals derddaulation/decoding uhing reference
1H0Ragioframe-nswabenanrd sybframe-numbersounter
10112Cyc|ic-shiﬂ-ap}%{nt ooleteirrsnin(iang ggit

awing illustrating reference

signals used in single-carrier FDMA;

FIG. 4 1is a drawing illustrating reference
signals used in single-carrier FDMA;

10 FIG. 5 1is a drawing illustrating a radio
communication system according to an embodiment of the
present invention;

FIG. 6 is a table showing exemplary assignment
of reference signal sequences according to an embodiment

15 of the present invention;

FIG. 7 1is a partial block diagram of a base
station according to an embodiment of the present
invention;

FIG. 8 is a partial block diagram of a mobile

20 station according to an embodiment of the present
invention;

FIG. 9 is a drawing illustrating an exemplary
method of assigning reference signal sequences according
to an embodiment of the present invention;

25 FIG. 10 1is a drawing illustrating selective
use of orthogonalization and interference randomization
for Dbase stations according to an embodiment of the
present invention; and

FIG. 11 is a flowchart showing a process in a

30 radio communication system according to an embodiment of

the present invention.

EXPLANATION OF REFERENCES




114Memory for storing RS sequence numbers associated with bandwidths in
RS sequence groups 116Demodulation RS generating unit 118Channel
coding unit z 0120Data modulation unit 122SC-FDMA modulation unit
200Base station 202Broadcast channel'ééﬁerating unit 2040FDM signal
generating unit 20206Radio-frame-number-and-subframe-number
management unit 208Uplink-scheduling-grant-signal-transmission-
control-sigh8l gefeérating unit 210Memory for storing RS sequence numbers
25 associated with bandwidths in RS, sequenee grewps ion

212Cyclic-shift-nurpasy determiping Uil ) o tion unit

104 Uplink-scheduling-grant-signal
5 demodulation/decoding unit

106 Broadcast-channel demodulation/decoding unit

108 Other-control-and-data-signals

demodulation/decoding unit

110 Radio-frame-number-and-subframe-number counter
10 112 Cyclic-shift-amount determining unit
114 Memory for storing RS sequence numbers

associated with bandwidths in RS sequence groups
116 Demodulation RS generating unit
118 Channel coding unit
15 120 Data modulation unit
122 SC-FDMA modulation unit
200 Base station
202 Broadcast channel generating unit
204 OFDM signal generating unit
20 206 Radio-frame-number-and-subframe-number
management unit
208 Uplink-scheduling-grant-signal-transmission-
control-signal generating unit
210 Memory for storing RS sequence numbers

25 associated with bandwidths in RS sequence groups

212 Cyclic-shift-number determining unit
214 Demodulation RS generating unit
216 Synchronization-detection/channel-estimation
unit
30 218 Channel decoding unit

220 Coherent detection unit
222 Uplink-channel-condition estimation unit

224 Scheduler



214Demodulation RS generating unit 216Synchronization-detection/channe
estimation unzt 30218Channel decoding unit 220Coherent detection unit
222Uplink-channel-condition estimation unit 224Scheduler -15- 300Access
gateway 400Core network BEST MODE!POR CARRYING OUT THE
INVENTION 5Embodiments of the present invention are described below
with reference to the accompanying drawings. Throughout the accompanying
drawings, thé0samedeferenge trmbers are used for parts having the same
functions, and overdapping-desgcriptions of those parts 10 are omitted.

A radio communication system 1000 including mobile stations and a base
station accordlng to an embodlment of the present invention is described
below &th ¢ ) miéatith system 1000 is
based Embodiments of the present invention are

described Dbelow with reference to the accompanying
drawings. Throughout the accompanying drawings, the same
reference numbers are used for parts having the same
functions, and overlapping descriptions of those parts

10 are omitted.

A radio communication system 1000 including
mobile stations and a base station according to an
embodiment of the present invention 1is described below
with reference to FIG. 5.

15 The radio communication system 1000 is based
on, for example, Evolved UTRA and UTRAN (also called
Long Term Evolution or Super 3G) . The radio
communication system 1000 includes a base station (eNode
B: eNB) 200 and mobile stations 100, (100,, 100,, 10035,

20 100,; n i1s an integer greater than 0). The base station
200 1is connected to an upper node such as an access
gateway 300 and the access gateway 300 is connected to a
core network 400. The mobile stations 100, are in a cell
50 and communicate with the base station 200 according

25 to Evolved UTRA and UTRAN.

The mobile stations 100, (100,, 100,, 1003
100,) have the same configuration and functions and are
therefore called the mobile station 100, or the mobile
stations 100, in the descriptions below unless otherwise

30 mentioned. In the descriptions below, mobile stations
are used as examples of user equipment (UE)
communicating with a base station. However, user

equipment communicating with a base station may also



on, for example, Evolved UTRA and UTRAN (also called Long Term

Evolution or Super 30). The radio communication system 1000 includes a
base station (eNode B: eNB) 200 and mobile stations 100, (1001, 1002,

1003, B 20 100n; n is an integer greate‘llﬁﬂam 0). The base station 200 is
connected to an upper node such as an access gateway 300 and the access
gateway 300 is connected to a core network 400. The mobile stations 100,

are in arcelllB® ahd-tommemnidate With the base station 200 according 25 to
Evolved UT RA and JTRAN.  raqidhe mohilerstations100,430045,100%00,

1003 B 100,) have the same configuration and functions and. are th ]‘? .
called 16 HBIE ot 06 O e abd Sati R 106 LAt estoptns, 1°

below &piess dthefWise 30WNEATIENetR i theadeseriptiorstheldw amdbifksing le-
stationsaareiusedras examplesiofusarequipment (UE): corwaunicatingmith a s
base staté%p. However, US%F.G%LUI[}FQ I;]_t cogrg:nggglscatrlnr(lggcgyltg a t%asse g(teast}:ornibed

may also” >-16-include fixed terminals. i the radio communication

systeni1909; oftABlord freqiiehéy eVisSioRMEFPIEXHE FOFDMARIsed ae e
the downlifk sagieraceess method andsingle=3 carfies frequency dwisionRrrow

multplg aceese (SCEDMA) inysed a5 tpe unlink radio.acsess method. A5 .

g Y
descrlbe% above; OFDM is a multicarrier transmission scheme where a

ftéqueRey TS dividetf intormuiftipte frarfow fEGUIBHEY 5ands (Sab&4rriers) @
and datarareanapped da the ddnsuticastiers fardramsmissien.dMeanwhileguency

SC-FOMAJS asingl&;eauier Iransmissiqn seheme where a freqyency hand is, o

divided into multipi.e frequency bands and the frequéency bands are allocated
to differeRttEtRiiNals I GFderto réducs friteHerence betiveen the tafninalss + 1

23Commimicationrelahrels usedin farolved STRARNMWETRAN e 1 s .

described below. cqnfFQr-dewplink.anhysical downiink shaged channelrxa
(PDSCH) shared by the mobile stations 100, and a physical downlink control

chann8l(POIEEH) arecustd 28 phiysRial downlink control channel is also
called a downlink 1242 catwrol chaknel. I hephysicad downtink shaked shared

chan_ngkignq_@ toctransmit user data, .6, @ n@%@hga@t%ieﬂéh@mmi%@ a
physical uplink shared channel 23 (PUSCH) shared by the mobile stations

100, aRd*& phgdicAUPlink Contrdl thannéi areised  ThepHysidal upfik - T"e
sHaredbliannellis usedtbitrénsmitrusey datahrenalnorhsal ddtacsignall 1Fle a

physicabyplink, conirol channgl is- ysed-to-trarsmit alowplink ehannehown1 ink

qoalkg¥ared channel is wused to transmit user data, i.e., a
normal data signal.

For uplink, a physical uplink shared channel

25 (PUSCH) shared by the mobile stations 100, and a

physical uplink control channel are used. The physical

uplink shared channel 1is used to transmit user data,

i.e., a normal data signal. The physical uplink control

channel is used to transmit a downlink channel quality

30 indicator (CQI) used for scheduling and adaptive

modulation and coding (AMC) of the physical downlink

shared channel, and acknowledgement information for the

physical downlink shared channel. The acknowledgement



30 indicator (CQI) used for scheduling and adaptive modulation and coding
(AMC) of the physical downlink shared channel, and acknowledgement
information for the physical downlink shared channel. The acknowledgement
--17- informationincludeseitheracknowIé&l@ément(ACK) indicating normal
reception of a transmitted signal or negative acknowledgement (MACK)
indicating abnormal reception of a transmitted signal. 5The physical uplink
control.eharieltrhay alsé belustkto transhts in additionteethieeCel fand theCK)
acknowledgementintosmation ra sepedulingrequest fan equesting allgeations -
persatirt A0 sinedbling o Sbaalion o rLcource of a1 colik ShaREE™=
channéFipgicates aproeess wiisie e bdsé S#itidn reports to a mobile station
bysusing the physicahdownlink eantrakshanrelda acsuhirage thalthenmobile so
iagse%gei!tl%s‘%’ ?r;c‘r’%g‘?@}@r‘%é‘h?ﬁe, using the.uplink 1. Jo shared channelia a, \
acknowledgement information, a scheduling request for
requesting allocation of resources of an uplink shared
channel and a release request used 1in ©persistent
10 scheduling. Here, allocation of resources of an uplink
shared channel indicates a process where a base station
reports to a mobile station Dby wusing the physical
downlink control channel in a subframe that the mobile
station 1is allowed to communicate wusing the wuplink
15 shared channel in a subsequent subframe.

In the radio communication system 1000 of this
embodiment, cell reuse 1is applied but sequence hopping
is not applied to sequences used for reference signals
(RS) using a narrow bandwidth. Meanwhile, sequences used

20 for reference signals using a wide bandwidth are divided
into groups the number of which is the same as the total
number of sequences used for reference signals using a
narrow bandwidth. The sequences 1in each group are
assigned to different subframes, i.e., sequence hopping

25 is performed using the sequences 1in each group. The
total number of sequences used for reference signals
using a narrow bandwidth 1is equal to the cell reuse
number. Hereafter, the groups of reference signal
sequences associated with various bandwidths are called

30 sequence groups. The number of the sequence groups is
the same as the total number of sequences used for
reference signals using a narrow bandwidth. This

approach makes it possible to assign one of the sequence



In the radio communication system 1000 of this embodiment, cell reuse is
applied but sequence hopping is not applied to sequences used for reference
signals (RS) using a narrow bandwidth. Meanwhile, sequences used 20 for
reference signals using a wide bandwidth&re divided into groups the number
of which is the same as the total number of sequences used for reference
signals using a narrow bandwidth. The sequences in each group are
assignedaterdifferent subframles direl, sequeneeimoppingZB isrpeformedt the

using thesseguencesiieachgroup.: Thetotalnumber of sequences used for
reference signals uﬂ?g a nggowﬁasndwigtg diismeeqlutal to the cell reurfe number.
[

Hereafter, the groups of reference S|gne§} sequences associated with'various *°
bandwidths FHECENEEB0 Sequercel grsupss Thelsmber of the'Seq@ence rrow
greupistheisame as the total swimbercof seguenees used focrgferepce  for
99”m§é§g¥£%Q§”8¥Q%§T$N@gkﬂgﬂ% wide bandwidth. As a result,
the combination of used sequences changes from subframe
to subframe. This in turn makes it possible to prevent
continuous occurrence of high interference and thereby
10 to reduce the probability of successive packet errors.

Let wus assume that the number of reference
signal (RS) sequences for the narrowest bandwidth W; is
N; and the number of RS sequences for a bandwidth Wy that
is X times greater than W; 1is XN;. The number of

15 sequences depends on the sequence length when CAZAC
sequences are used, and the sequence length is in
proportion to the Dbandwidth in E-UTRA where the
transmission interval of the reference signal 1is
constant regardless of the bandwidth. Therefore, in E-

20 UTRA, the number of sequences 1s proportional to the
bandwidth.

In this embodiment, N; RS sequence groups are
generated and a kth RS sequence group (k is an integer
greater than or equal to 1 and less than or equal to Nj)

25 for a Dbandwidth W, includes (W,/W;) sequences with
sequence numbers k, k+N;, .., and k+ (Wy/W;)N;. With this
method, an RS sequence does not belong to multiple RS
sequence groups at the same time. In each cell, one of
the N; RS sequence groups 1is selected and used. Sequence

30 hopping is performed wusing only the RS sequences
assigned to the same Dbandwidth in the selected RS
sequence group.

In the example shown in FIG. 6, one resource



approach makes it possible to assign one of the sequence --18- groups to a
cell and to assign another one of the sequence groups to a neighboring cell.
Thus, in this embodiment, sequence hopping is not employed for reference
signals using a narrow 5 bandwidth, and@e‘quence hopping is employed for
reference signals using a wide bandwidth. As a result, the combination of

used sequences changes from subframe to subframe. This in turn makes it
possible td prélent tontinaons beeurence of tigh inteferercecamd therabynce
10 to reduge dhe prababjlityofsuceessivepacket erioss.sequendetdiSoups 1-

assume that the ber of reference signal (RS) sequences for the
nerToest DB Wis NT e TS Aol O NS SomoHEasTor 47 2

bandwidtiiixthal fs Xdimes greates thar Wi is XLELThalmumberéfisith A.
seqjuences dependson the seguenca engiywhen-CAZAGSeqUeRCeSsaEyned
used, gnd it)heS ge%l{%r%cieolgngtlh is#'{%]pg%oortion to the bangwigtsh igslé-.lU'ERA

ﬁ a ﬂgence roT$ d to
where the fransmission interval o e rererence s?gna S constant regardless

of the BaREwfdtht TRerefére,in 272D BT PEC I8 HifinBéroPsequericessgioned
proportionaldedhesbandwidthk 12. Thimsthisembodiment, NitRS sequesee of
groups.are generated a kth RS sequence group, (k is an integer greater,

than o?%%ﬁgﬁt%gl and ?g)s%s th%%e_or E%Eallt%%Nl 925%%% %.%%Wi%t WQ% Hene
iEludéES PWK/WD) seBfieneesiwith'sefiéRceAliRBersR k+NiR &l arid narrow
k+(WxpAHgN1d With this methed,an RS sequencedoes, natdigleng 4o hopping

multiple RS, sequenes groups af the sams time, In.eagh cell, oge githe N1 g

RS sequence groups is selected and used_ Sequence 30 hopping is .
perforr@dFEingG dniif the RS ‘Setiiehtes aS5[HHEd tothé Sahte Bandwidth in 15
the selected RSisequencegraup: Inkhe example showrsindslG.Gygheco base

resource s 19, Hnit {RU)ds the narowest:; bandwidih and,ong RS- sequenceisy ;|
provided for each RU in each of RS sequence groups 112. In FIG. 6, RS

sequence P& Y3 hdRSIES E B sequents SRS sbquéncss foraton #12-
transnission barrdwidthrA. SuFedexample, RBseguéehee growprl is-assignedne

to base sfation #1, RS sequence gradp&is assignedhiohasesstation #2.4y i s

and RS sequence group 12 is assigned to base station #12. Thus, cell reuse

where % §&t of SBU&Rce drBbips e cychically By 16 Hiffefent 9 1nto
20

groups the number of which equals the minimum number of

sequences (12) such that each group includes a pair of

sequences to be assigned to a cell. The pair of

sequences 1in a group do not belong to other groups at

the same time. Sequence hopping is performed between the

25 pair of sequences. For example, in a base station to

which RS sequence group 1 1is assigned, sequence 1 1is

used when the bandwidth is 1 RU and sequences 1 and 13

are used when the bandwidth is 2 RUs. Similarly, in a

neighboring cell, sequence 2 is used when the bandwidth

30 is 1 RU and sequences 2 and 14 are used when the
bandwidth is 2 RUs.

This approach makes it possible to prevent use

of the same RS sequence in neighboring cells and also to



10 cells is employed in this embodiment. When a narrow bandwidth, for
example, 1 RU, is used, sequence hopping is not employed, but cell reuse
where a set of RE sequences are cyclically assigned to different cells is
employed. For example, RS sequence 12i§l'assigned to base Jo station #1,

RS sequence 2 is assigned to base station #2, A, and RS sequence 12 is
assigned to base station #12. When 2 RUs are used, i.e., when the
bandwidthdsiitheaeférence sigrialis dotibled, thaemisehofesequences is

also doubled. The deuhled spguences aresdividedintp 20-groups theguimber «
of Whi(ihs eguglcsrtlhgerginirinﬁlm rnggék])feern%feset%u £s (12) such that each

group includes a pair o?vsequences to be assignedto a cell. The pair of
sequences in a grotipdo mattselorid &6 bfHer gf@lps atthedahie tigiegodiment
Sequengcelheppingds perferned betweenthe 2§4air-aftsequenees. FOv2, an
exam in a base station to which RS sequence group 1.is assigned, B
oo e e e o s 1 0 ot Se et T
used WREN Be bARBRIATATS 2T RUS2 SHAREAY. fin a'Réighbéfifg cellhsedqiende:~
2 is useehwhen the banawidthi 30 is. 1 R anek sequencesn2 and-k4 are used
when the Bangwidth isg RJs 0 INiSagpiopchjugkes fpossiletg, s
prevent use of the'same RS sequence in neighboring cells and also to 2%)
rahdom/8 e ifterfsteRee by settiencd tisppinti th PNkt thebase” RS
stations200 of this epthadimeat isdesceabed with referencedotkelGnifhithe unit
base sjation 20 of s aphadiment Sacludes  brogdeast channel 514,

generating unit 202, an OFDM signal generating unit 204, a .

radio-frafeligmberandsubfrafte-habet aragemert thitZbei zht 216, 2
upIinks&faedtﬂihg@au@ﬁfgnahﬁﬁ&nsﬁﬂ%io&-cmﬂmk&hgnaiegmtetratmg unitt208; 0
g nemgry g0 for storing RS_10, 56quence numbers associated With, | apg o

bandwidths In RS sequence groups, a cyclic-shift-number determining unit
212, atfethictuflion’Rs generating unit 214, a
synchronization-deté&ction/clanel-estimationignit216 (aachannel decoding are

uni_t 211%1&%@_'1@@{‘? d@l%Cti%fﬁPDH]gz%sl’ %%Q{iléq'@@k'g%%e"(%%%gg) is
estimation unit 222, and a scheduler 224. When cells are designed

(base StitioPsre iRstalEd), A dpliniC RS EEGUEtce Grotp (Ptmiber) 7&Tence
assignedroigach celltEereach seguehce group,seguence 20hopping  are
patterps-based gpisibframe fuumbersareipredetermined pyispecificationsfor
bandwidths of two or more RUs. Accord n%J¥ different RS sequence groups

moxne  RUS . Aa%ordlq%%y 1 e¥%pt %%f seduenge g ouﬁs
(numbersr) are assigned 1o neighboring base stations. This approach makes
possibletoredomizethe assigned to neighboring base stations.

This approach makes it possible to randomize the
25 interference.

An RS sequence group number assigned to the
base station 200 1is input to the Dbroadcast channel
generating unit 202 and the memory 210.

The Dbroadcast channel generating unit 202

30 generates a broadcast channel including the input RS
sequence group number and a system frame number input

from the radio-frame—-number-and-subframe-number

management unit 206 described later, and inputs the



25 interference. An RS sequence group number assigned to the base
station 200 is input to the broadcast channel generating unit 202 and the
memory 210. The broadcast channel generating unit 202 30 generates a
broadcast channel including the input R@js‘equence group number and a
system frame number input from the
radio-frame-number-and-subframe-number --21- broadcast channel to the
OFDMcsigaaFgeneratimgnmit 204 tTise OFEDIMssignallgeseratiagiurit 204t 204.

generates an@RDM;sjgnal including-theproadeast ghannel anddpputs theorpm

OFDM.signal 1o 4 radig ransmitter. s a esull the & assioned JPINKRS ..
sequence group is repo?te via the broadcast channel to all users’in‘the cell:

Meanwhild! upliak ehanfelsreceidéd frémpthehbbile statisns?1 008 de inputhe
toghe synchyeosizatipndetection/channelestimation unit 216.dbhewcoherent 10ne
detection unt 220. and the pplink-channel-condition estimation unit 222.
Thesynch= zzation-detection/channel- estimation unit 216 performs
synchronization deté&tiBriTorthe inpdtdteivedSigdls restinmate theipm, rehe
receptigsptimingst petforas channelestimation based pa demedidatioration-

refer?%%%%@‘f%%‘}?ﬁ%‘érﬁ%’éﬁ the pemadulation, RS generating ypit 214 o oy
described later, and inputs the channel estimation results fo the coherent

détectithGit 220. 207Fhe cottetent Btectiditunit 2267 perforrng eoneftt - on

detectioncforidhe seceived sigrrals based on the channel estimation results

and allocated frequepncies and bandwidihs input from the scheduler 224,
described later, and inputs the demodulated received signals to the
estimation unit 216 performs synchronization detection

for the input received signals to estimate their

15 reception timings, performs channel estimation based on
demodulation reference signals input from the
demodulation RS generating unit 214 described later, and
inputs the channel estimation results to the coherent
detection unit 220.

20 The coherent detection unit 220 performs
coherent detection for the received signals based on the
channel estimation results and allocated frequencies and
bandwidths input from the scheduler 224 described later,
and 1inputs the demodulated received signals to the

25 channel decoding unit 218. The channel decoding unit 218
decodes the demodulated received signals and generates
reproduced data signals corresponding to selected user
numbers input from the scheduler 224. The generated
reproduced data signals are transmitted to a network.

30 The wuplink-channel-condition estimation unit
222 estimates wuplink channel conditions of respective
users based on the input received signals and inputs the

estimated uplink channel conditions to the scheduler 224.



25 channel decoding unit 218. The channel decoding unit 218 decodes the
demodulated received signals and generates reproduced data signals
corresponding to selected user numbers input from the scheduler 224. The
generated reproduced data signals are tfansmitted to a network. 30 The
uplink-channel-condition estimation unit 222 estimates uplink channel
conditions of respective users based on the input received signals and inputs
the estimated uplinkiehanaelhcohditions to’the sehedaler224. £9p- example,

The schedulen224 perferns.ifey example, fiequercyisgheduling bagsed RAnne1

the input uplink channel conditions of the respective user %QOS .
inform AR o 198 56 SR o8 TRRESIaata Fhfes BUHer S stalaRarat ion
desirederrérrates s@ic deRiysh Then, thequested data rates, buffer
schedules224inpytsaliocatedfregueneiesaittts, and delays. Then, the
bandwidtfr;st t euplinl&-%hedulin -grantsia §|- trans issiPn-controI-.si nal
genergt?nge%2368, the memorny 195 anc?%eo&%eercénnt detection unit 20, and
and 1P #ipiis Seletted tiser nubiiSers téthel nk-scheduling-grant-signal-
upIinkﬁﬁaedmﬁﬁgngdmmiﬁsmn-@@ﬂé&lasﬁgﬁ@l_ generating ugijt 20& e
and the ghannel decoding nt, 218, .. o The yclicsSHILNOmber 550, ang
determining unit 212 determines cycﬁc shift numbers based on, for example,

Z{b cobperativegbhtiblsighalstifnsmitibaiéentSihchiohtzdd ésieand  no-

inputs dhe eyekd shift rumbeestotheon-control-signal generating unit

upIink-§g§egHgnQ—ggag%gigggh—trgggfggg%gn%qtgolzsiignal generating unit 208

and the demodulation RS generating unit'214. The cyclic shift numbers are
20 associated with E}€lic Shitt afiounts. "ASSRMenCEithetyelie Shin 1t 212
numbetstis reported toytheimobite. StationsdO0s viaa fardexample; @ breadoast,

channel, Jhergdip;frameznymbgrrand-subframe-number managementynit, ..
206 manages radio frame numbers and _ ,
synchronized cells and inputs the cyclic shift numbers
to the uplink-scheduling-grant-signal-transmission-
control-signal generating unit 208 and the demodulation
RS generating unit 214. The cyclic shift numbers are
20 associated with cyclic shift amounts. Assignment of the
cyclic shift numbers is reported to the mobile stations
100, via, for example, a broadcast channel.
The radio-frame-number-and-subframe-number
management unit 206 manages radio frame numbers and
25 subframe numbers, inputs a system frame number to the
broadcast channel generating unit 202, and inputs the
radio frame numbers and the subframe numbers to the
memory 210.
The memory 210 stores the correspondence
30 between RS sequence group numbers, bandwidths in
respective RS sequence groups, and RS sequence numbers
as shown in FIG. 6. Also, the memory 210 selects RS

sequence numbers corresponding to the allocated



25 subframe numbers, inputs a system frame number to the broadcast
channel generating unit 202, and inputs the radio frame numbers and the
subframe numbers to the memory 210. The memory 210 stores the
correspondence 30 between RS sequeﬁ%%‘group numbers, bandwidths in
respective RS sequence groups, and RS sequence numbers as shown in

FIG. 6. Also, the memory 210 selects RS sequence numbers corresponding

to the BHocatedt h-23ibandwibtesinpbefromithdscheddlet 224andrinplts thee

selected RS sequenge numbers-to the demadulationRS geperatingamnit2l4rs
The derQr(?dg!a1 tiorr11 RSngleCnle?H'ng unit 214 5 generates demodulation RSs
based bn the RS sgequuence numbers input from the memory 210 and the

cyclic shift numbers irput fierrtheleyjcliershifRRumberndetermining upit 212214
armd inputstherdemogutation RSsHe thess  based on the RS  sequence
synchronization-detection/channel-estimation unjt 216. . .
e hE SEne it G S I s Sor conot s Sdigiabhd £t
unit 208 §eRérates ® ebntfcl Signal fupHkesthedhfihgrahtsighgp termining
tranamission control signal) inchuding the allocatedftequencies apd  to  the
bandwidihs, (e, seieied, user o numbers, Al the.assigned eyclig #hif 1 .
numbers, ané Inputs tilwe contro? signal to the OFDM signal generating unit
204. The OFDM sigrist generating unit 284 gefetatesan SFEDMFsighar t9nal-
includingathercondrod signal andlinputsthe OF DM sigrad ia 4he radioi t 208

transmyftgr, As atesuyit, 20,the eqntral signg i?é@&fm{'ﬁl@g_é‘i{é&ﬁ%%l?%rant—

users via a downlink control channel. e OFDM signal generating

unit 204 450 genEFAREHTOEDM sighf fifttudiriy 88#hlink ¢ $ther the
than thel broasdcast channelrandthescohtioh chanieh25 stk asaldawnlinkiser

reference signal, a data channel and apaging channel,and inputsbes . ong

OFDM signal to the radio transmitter. As a result, the downlink chahnels are

transmiftBd 16 tHe Gs&re" Net, the ftbile 'SatidhL 08" BY tHid 30 mB6aiRT&tigd
described withOréferénee @' FIGs8gnal gefhe aiobile station 200, ofcthisrates

embodjmeptneludesan OFRM signg) demodulationynit182.an and inputs

uplink-schedyling-grant-signal demodulalion/decoiNg  ter. as a result,

20 the control signal is transmitted to scheduled users via
a downlink control channel.

The OFDM signal generating wunit 204 also
generates an OFDM signal including downlink channels
other than the broadcast channel and the control channel

25 such as a downlink reference signal, a data channel, and
a paging channel, and inputs the OFDM signal to the
radio transmitter. As a result, the downlink channels
are transmitted to the users.

Next, the mobile station 100, of this

30 embodiment is described with reference to FIG. 8.

The mobile station 100, of this embodiment

includes an OFDM signal demodulation wunit 102, an

uplink-scheduling-grant-signal demodulation/decoding



-24- unit 104, a broadcast-channel demodulation/decoding unit 106, an
other-control-and-data-signals demodulation/decoding unit 108, a
radio-frame-numberand-subframe-number counter 110, a cyclic-shift-amount

5 determining unit 112, a memory 114 T“o%%“[oring RS sequence numbers
associated with bandwidths in RS sequence groups, a demodulation RS
generating unit 116, a channel coding unit 118, a data modulation unit 120,
and amSC-FDMA modulation amit 122 Tise nibbilestation 10/ 160, adEcotlesn i t

an uplinksscheduling gragt.signal and if a;selected UseNURPEL data-signals
comesponding o Ine mabils station 100, is ingluded in the yplink scheduling, _
grant signal, generates and transmits a %ransmlésion signaﬁ A réceived S|gneﬁ

from ti5e' Basestatiore 20019 ¢6 inpatts-thie ORIOM signalvderhodalatibhamipunt
162. ThetQFRM signal@demodulatipn unit 182 slepnodulatesthe regeivedy  Rrs
signal, inguts the ue!ilprl(%%crhsedug -@@.qcrzimtc-si(gnal tr%ﬂsmgg.riloy C %I siqrrllal ta

n ntr
the upﬁﬁ -%%ﬂgguIinggrant-signaﬁgemo u?aj[ionydlecoding univtmll%itl?lnpyts the
20 broa@8ast Elvarfie? i the BrodtiRastéRannel demastilaticr/degodingunit 6
106, and inputscontroband datai signals,otherdhan th@ dulation unit 120,

uplink sched:ing-arantsional Jiansmission,coptrobsignah and e roadgast o,
channel to the other-contro -anlé-gata-smnas 25 demodulation/decoding unit

168. 100n Fhedidadeastiéhainél dehdtidtivh/decoting taitatbeand 1£ 2
demodudatestand deeedes e inptth breadeast channel, ihputsdhe RSstation

sequenge group NUMPErIg the mermory, 114, and inpyts the system.f raﬂg;nal ,

number to the 30 radio-frame-number-and-subframe-number counter 110.
The radffo-framé-nuiibertand-stbfranfe-ntAibat coutftér £16¢dtints radio
frame numbers andisubframesaumbersaand inputslike badio frameinumbers is

and th?n'ﬁ?u'sf subframe snwigabers g the memery 144, unit 102. The orFDM

Theuplin -sc?eduling-grant-signal demodluolgtiog/de%odlin unit 184 ed
danoﬁﬁ&%%anﬁ?%%&ﬁﬁflon unit emodulates the receive
signal, inputs the uplink-scheduling-grant-signal

transmission control signal to the wuplink-scheduling-

grant-signal demodulation/decoding unit 104, inputs the
20 broadcast channel to the broadcast-channel

demodulation/decoding unit 106, and inputs control and

data signals other than the wuplink-scheduling-grant-

signal transmission control signal and the broadcast

channel to the other-control-and-data-signals
25 demodulation/decoding unit 108.

The broadcast-channel demodulation/decoding
unit 106 demodulates and decodes the input broadcast
channel, inputs the RS sequence group number to the
memory 114, and inputs the system frame number to the

30 radio-frame-number-and-subframe-number counter 110.

The radio-frame-number-and-subframe-number

counter 110 counts radio frame numbers and subframe

numbers and inputs the radio frame numbers and the



the input uplink scheduling grant signal, inputs the 5 assigned cyclic shift
number to the cyclic-shift-amount determining unit 112, inputs the allocated
frequency to the SC-FDMA modulation unit 122, and inputs the allocated
bandwidth to the memory 114. The meﬁ?o'?y 114 stores the correspondence
10 between bandwidths in respective RS sequence groups and RS sequence
numbers as shown in FIG. 6. The memory 114 also stores the
correspohdence between RS segencemumbeérsiand bandwidths in an RS

sequence group assigned to the serving gell and-repasted by the base station 1
200. Jg Further, the memory 114 selects an RS sequence number based o

the RS S SR R e o s LSS e decddes
demodutationfdatioding urik106awd tHe: alocateth bandwidthlinput Trohs thet he

uplink-sebedulinggrant-signahdemodulation/desoding unit104.-amnd npuis 26nh ¢
the selected RS sequence n er to the demodulation R nerating unit
PP st iRl ot S Sl s S AR

shift afgRint €6rréSHSndirty 6 e assignéd eclic shift nuaib@r inptit o the e
uplink=25 seheduling-grantisignabdemeduation/decading unit 104, and
inputs the determingd ecyc}%ce%giﬂjtyam%lat to S}Q% Ideegnoolcqﬁllgtioncl(:\)@ I%%%%rgggg ce
unit 116. The demodulation RS generating unit 116 generates a

démodinaticie R BasEE R the pUt RS B0 sefuehce HiHBEFSnd EFERSsHift A
amourrsane npuis dhendemodulationRSwa they SEFEDMA modslationdtit 114

122. 51 5o Megnyhile thechannelcoding unitt 18 perigrms.ghanpel coding. , .

on user data. Then, the data --26-- modulation unit 120 performs data

modulatiBk ohtthé thahneREdded BiséFdat dhtl inpateifee madtkted tigepned
data ta thec S€-EEMA myodulation itz dthed SEyF DMA Imaedulatian Lmit 200 .

@%ﬂzﬁﬁ?ﬁgégEEMﬁe memory 114 selects an RS sequence number
based on the RS sequence group number input from the
broadcast-channel demodulation/decoding unit 106 and the
allocated bandwidth input from the wuplink-scheduling-
grant-signal demodulation/decoding unit 104, and inputs

20 the selected RS sequence number to the demodulation RS
generating unit 116.

The cyclic-shift-amount determining unit 112
determines a cyclic shift amount corresponding to the
assigned cyclic shift number input from the uplink-

25 scheduling-grant-signal demodulation/decoding unit 104,
and inputs the determined cyclic shift amount to the
demodulation RS generating unit 116.

The demodulation RS generating unit 116
generates a demodulation RS Dbased on the input RS

30 sequence number and cyclic shift amount, and inputs the
demodulation RS to the SC-FDMA modulation unit 122.

Meanwhile, the channel coding unit 118

performs channel coding on user data. Then, the data



5 122 modulates the input demodulation RS and the user data based on the
allocated frequency and outputs a transmission signal. Next,an exemplary
method of assigning  reference signal sequences is described with
reference 10to GIG. 9. In FIG. 9;4fis assumed that RS sequence
group 2 has already been assigned to a base station 2001 and an RS
sequence group is to be assigned to a base station 2002. JoAn RS sequence
group differéat from RS sequédte groupZassighedhto thredbase statiorr2004he

is selegtedhfarthe hase station 2002:to xapdomize the interferenes (S16R user
S902). .For exam Iee, R2 sequence Qq{?ggiloig %enli.‘%teng?r the base station
2002. 56 pIinE § sequence groups are assigned to respective cells when

the cells are desigrigeR(baSe Sedforscarelinstetiedy (stép $0DAY. FFseeahOFPM)

seguence grespy seguencenkRoppiig:patiesns based oshsubframeumbersuser
are predetermined by specifieations, 25The base station 002 gporis e, .
assigned uplink RS sequence group via a broadcast channelto all Usefs in
the celt{step83906)°" SiIgnFhe base station 2002 also reports cyclic shift
amounts together withcbandwidth alleeation 39 infersation to seheduleth gning

USers ‘é@f%,?&%@’é‘éi”‘%%%mﬁ' C%é’ﬂ‘%'&&hésetép §208@?escribe'éa‘%qhi%%heg%%drence
mobile station (termlnailloo, etermines an 113 sequence used for the
difbocated E27-bandwidth based on a table (FIG. 6) corresponding to the

reported RS sequenee groap and an allocated sebframe niwmbeR shifisdhence

determingd RS spquence by dhe,cyclic st amoynt reporied viathe,comirol oo,
channel, and 5 transmits an uplink channel including the shifted RS
sequeﬁ&@ (ﬁ@p §§103_equence group 1s to be assigned to a base

station 200;.

15 An RS sequence group different from RS
sequence group 2 assigned to the base station 200; is
selected for the base station 200, to randomize the
interference (step S902). For example, RS sequence group
1 is selected for the base station 200,.

20 Uplink RS sequence groups are assigned to
respective cells when the «cells are designed (base
stations are installed) (step S904). For each sequence
group, sequence hopping patterns Dbased on subframe
numbers are predetermined by specifications.

25 The Dbase station 200, reports the assigned
uplink RS sequence group via a broadcast channel to all
users in the cell (step S906).

The Dbase station 200, also reports cyclic
shift amounts together with bandwidth allocation

30 information to scheduled users via a downlink control
channel (step S908).

Each scheduled mobile station (terminal) 100,

determines an RS sequence used for the allocated



In this embodiment, assigned reference signal sequence numbers are

reported to terminals by reporting a sequence (group number assigned to the
serving cell to 10 the terminal. Alternatively, cell IDs may be associated with
sequence group numbers in advance, oFreference signal sequence numbers
may be reported from the serving cell to scheduled terminals together with
control information indicating a scheduling grant (uplink- 15
sched@bimglgrahttsignakrasmissiorPéentfdlisignal). Associatheg eeldDs withhe
sequenece greup limbers in;advance glimipates theneed 1a separt thesup rrame
sequence group numbiers [o terminals, In this embodiment, happing pattems.
used for 20 edch sequence group are pre&e ermined, i.e., sequence opﬁlng
patteris based Bresulfrarmentirhbers die prédéteremidd by spekifications fapd
each segpieneedgrodp. Alternativelyn hopping patteras may beseported a1 rs
terminzszlls f&grrp tge(b%see s%gi%m) For example, hopping 25 patterns may be
reporteg%la a broadcast ¢ annel, or hopping patterns determined by

dynamic hopping coftrdlimay Batepored tAIse A IRREMBGdiffettCthecyele !
shift ameint is-eeportaskas apast ofdpemat infermationfor 30sthesupliskort ing
reference_signal. Mor ecifjc cyclic_shift a nt sqciated with li
Shif nCmbor s pretfotminail B tho ok Stion g it acsbunt e =

el radits arftrthe delay Spréad and fepdried to --282 tétmiinals viwgoctated
broadeastichannelcand assigned cyalie shift amouatsrare-egporied reference

dynamigally.to the ferminals together with the schiedpling apant, Fox example,,

the correSpondence between cyclic shift numbers and cyclic 5 shift amounts
is predétérminkd andTeportEdVia brdddesst infofidfidh Sand dftéFcychicshift 1
amounts @&rerassigned, thelcorrespanding cydicshiftinumbersaare regorted e -

the terminals, A$Q,-orthegonal covering SeqUENCes MY PEntro1l  signal) .
Associating cell 1IDs with sequence group numbers in
advance eliminates the need to report the sequence group
numbers to terminals.

In this embodiment, hopping patterns used for

20 each sequence group are predetermined, i.e., sequence
hopping patterns based on subframe numbers are
predetermined by specifications for each sequence group.
Alternatively, hopping patterns may be reported to
terminals from the Dbase station. For example, hopping

25 patterns may be reported via a broadcast channel, or
hopping patterns determined by dynamic hopping control
may be reported.

Also 1in this embodiment, the cyclic shift
amount 1s reported as a part of format information for

30 the uplink reference signal. More specifically, cyclic
shift amounts associated with cyclic shift numbers are
predetermined by the base station taking into account

the cell radius and the delay spread and reported to



10 reported as the format information for uplink reference signals. Orthogonal
covering may be used for orthogonal ization of multiple antennas of a MIMO
user. When a user is requested to use MIMO, the user orthogonalizes
reference signals from multiple antennas é‘by orthogonal covering without
additional signaling. With orthogonal covering, the same CAZAC sequence
and the same cyclic shift amount are used for two reference signals in a
subfrahte e drthogenak coveringrmaly also:bewsed focorefsgaradizationr of ¢
gsers.éﬂitllf_r@ caa@@hu2@@?@;@oaahb@cz\?%r&ngdwm@ﬁl@retr@p@lﬂgd termin?ls
ynamically together with the scheduling grant. Next, selective use o
o hogS T A A terironge N Bt 2 deschbia Aif TERRénce™
to FIGC20r 25RPRIGIICK iBssanfedinat uplinktrarismissiontimings ofiase C
stations#1,hase station #2, and basestatien#3rare asynehroneys, fach  via
base stalion,covers fe seelars and ransmission mings of SEEIOE. -moync
belonging to the same base statiohh can be sync%ronlge 30 The sectors can
be ortigGorrdized R usingUifferert eYerc shift aviblnts evert If theBapie RS ©
sequenee @raupl i assigpede Far example, although the same 115 sequence
group 1 is assigned to secto d 2_-29- of basestation#1 torsl
2can be orthogona iztleS(? becé%s%é%%?e%r%%lt c§8l¥ce§ﬁi?tgam8%%%g§r8eeése%‘.g% be
Sitnilaf§PaGUY Pthe 'diind RS'&Equeice- §roulP? istassigmed fd séctors §nce
and 2 ef base statioro#2hbsestars 1 and 2rcarybe arthpgonadized beeause for

differept.cyclic Shift ameunts age uzed. ;1. Alsehedniserenge hetween

base stations #1 and #2 can be randomized by assigning different RS
sequelBEYrotps t6hHdse Statiohs #ASENE #2. IPthi'E6 exdMifle, thehe  user
interferengeviscnantomized by assigring R$1séguencergroup itelbasentennas

Station,#1 and assigning _R§o%%%?}ﬂlfe graup, ¢ {0 base;Stalion #2.55 gna1 1Rg.
the case of a MIMO terminal, multiple antennas can be orég%gonall zeci by

orthogBnal covelingX By cychid Shiffidg. the same CA sequence’ and

the same cyclic shift amount are used for two reference
signals in a subframe. The orthogonal covering may also
be used for orthogonalization of users. In this case,

20 orthogonal covering sequences are reported dynamically
together with the scheduling grant.

Next, selective use of orthogonalization and
interference randomization is described with reference
to FIG. 10.

25 In FIG. 10, it is assumed that uplink
transmission timings of base station #1, base station #2,
and base station #3 are asynchronous. Each base station
covers two sectors and transmission timings of sectors
belonging to the same base station can be synchronized.

30 The sectors can be orthogonalized by using
different cyclic shift amounts even if the same RS
sequence group 1s assigned. For example, although the

same RS sequence group 1 is assigned to sectors 1 and 2



Also, different RS sequence groups may be assigned even to synchronized
cells (e.g., sectors 1 and 2 of base station #3) to achieve interference
randomization. 20As described above, in this example, it is assumed that the
base stations are not synchronized. In a<ase where base stations are
synchronized, the same RS sequence group and different cyclic shift

amounts may be assigned to the base stations to orthoganalize users 25

using the sahwsfrequeneyisand with the samieobandwidthand  2Nextaa  be

Srocegﬁigrm@hcrﬁ%lmgemmgei@@&ige system:-1aaQ ofépizlqmbaj,ﬂmﬁ@t ISmounts
escribed with reference to FIG. 11. Here, it is assume tan RS

SoqUEAES GO 30 e LT i A oS LS stagon SBUE T Badfo™
user tetmirfal, daforaATEION FegatdingalF RS segdente Yrodpissavaiiablelipnnthe 2,
systen {carsespondenge betweemn sequence;greups.and 345 5e60Eences ansh ¢
corresgogg(lagc% h'f’PE baergwgggng sequences and subframe/radio frame
Iimbers}fhopping patterns)) Is stored in advance. User terminal 2 employs
multi-antenna MIM®! Thebdsestatioh20baansATItsSBERT infotAfati6n vid ans
broadagast ehanngt (step S1202)z fre@sexaaple; thesbasestaiton200ferent RS

broadepsis 11 S sedupoe group numoerand g syspem Jipmey

QUMBET. 15
The base station 200 also transmits a paging channel (step 31104). For

exampiéA se"Station 20070 FARSMItS a'paGiAg cHahneltoiage’tiser RS
terminatsshand<2, sequwehen there ase inceming calls#or theduserstergiinals 1rS
amszequence group 2 to base station #2.

In the <case of a MIMO terminal, multiple
antennas can be orthogonalized by orthogonal covering or
15 by cyclic shifting.

Also, different RS sequence groups may be
assigned even to synchronized cells (e.g., sectors 1 and
2 of base station #3) to achieve interference
randomization.
20 As described above, in this example, it 1is
assumed that the base stations are not synchronized. In
a case where base stations are synchronized, the same RS
sequence group and different cyclic shift amounts may be
assigned to the base stations to orthogonalize users
25 using the same frequency band with the same bandwidth.
Next, a process 1in the radio communication
system 1000 of this embodiment is described with
reference to FIG. 11.
Here, it is assumed that an RS sequence group
30 is assigned in advance to the base station 200. In each
user terminal, information regarding all RS sequence
groups available in the system (correspondence between

sequence groups and RS sequences and correspondence



In response to the paging channel, the user terminals 1 and 2 transmit

random access channels for Joinitial access (steps 31106 and 31108),

The base station 200 and the user terminals 1 and 2 exchange control
channels (steps 31110 and 31112). As Zfesult, radio links are established
between the base station 200 and the user terminals 1 and 2. At this 20

stage, the base station 200 recognizes that the user terminal 2 is a MIMO
terminaktween  Affer thaabove stepscares cbidastedr paéket frame numbers
commuynisaiions based omdgwnlink sehaduling are e@pabled. Theuseferminal
termingllserln a{;g Zstrgnf@iit_\év}ldtebrgng %ding 25 reference signals for COI
meastement at pre&etermlnec? intervals.” The base station 200
performs schedulingtfér théaseér terdtinal P step?dP114) The Hasesstation s tem
200 transmits apiuplink 39 sehegitdinggrant sigaaktethe(useptemmingb L. For
(step S1116), The uyplink scheduling grant signal includes a selected user
b Aot Mo B ot Ik S S i Sy e
nUMbEFE QB number Tt sertBfhital 1 détermifesan assigned RS

sequence based orrthe allosategthandwidthy dheisybframme muimber, andtheing

radio frame, num Q%ft%%e%,@fd%”.sn%ié%iogxg% dlues,er ‘%{]Q“%%' L 5'%1{%%98 RS00
sequence by a cyclic 5 shift amount corresponding to the cycilc shift number

reportéd BYyRé Liplink BRAeadlirng §rtt Sigrial BRdtrahstiitstaA Tphiaks 1 and
channel, including thenshiftechRSsequencen(stei 53118)11s for The baser

stationt%Qle%fpgmf, sgheduling for 10the user terminal 2 (step 51120).

The base station 200 transmits an uplink scheduling grant signal to the user
terminal 2 (step S1122)TRBUPTINk S€hedtfind grart Sighafimtfildes d'e  user
selected usénaumber, andallécated fregirency:band fardosuplinkhandans for

assigned;cyclic shift oumber, o, s Thesuser terminal)2 determines an

assigned RS sequence based on the allocated bandwidth, the subframe

number, and the radifram@nuihBér G8ed O tAHSMi8Siol SThe b8eFinals 1
terminah2, whichdsan VMO termihak ishifts26 the RS sequiéncde bya &ydlic2) .

shift amount CQQ%EQDC"Q%@H Q‘elcg’;/&ii% S@Eé‘“@?@éﬁﬁ%"ﬁ%@ by, the, Wplink: 1,
scheduling grant signal and transmits the shifted RS sgci%uence from

respectiveanteRhas and 278tter maltipiing tié BS'8equendd By the 2t s

c¢Otrespoading the base station 200 recognizes that the user
terminal 2 is a MIMO terminal.
After the above steps are conducted, packet
communications based on downlink scheduling are enabled.
The user terminals 1 and 2 transmit wideband sounding
25 reference signals for CQI measurement at predetermined
intervals.
The base station 200 performs scheduling for
the user terminal 1 (step S1114).
The Dbase station 200 transmits an uplink
30 scheduling grant signal to the wuser terminal 1 (step
S1116) . The uplink scheduling grant signal includes a
selected user number, an allocated frequency band for

uplink, and an assigned cyclic shift number.



25 orthogonal covering sequence predetermined by the system (step 51124).
The descriptions and drawings in the above embodiments should not be
construed to be limiting the present invention_ A person skilled in the art may
think 30 of variations of the above embadients from the descriptions.

In other words, the present invention may also include various embodiments
not disclosed above. -32- Therefore, the technical scope of the present
invention should beldeterniedtsasedion propttimderstahdiny cfthexlgithskS

with refergncedo the above desgeptions. Althowghdhepresent inventionisrame

described 5 above |£| (%ilflferent mbadiments tILe distinct(ijonts between the .
umb?r, an e racf @) %rame n’urtn er se 81% transmission.
embodiments aré not essential for the present invention, and the

embodiffents Aray e iséd individdaltor inftombinatistii lgfough speé€ifielic
vajuessareruseghinthe above deseriptions te Jacilitate the understandingh 1619 »
the present invention, the values are just examples and different values ma
also be %%atlfrﬁqes%%thegr%sleurﬁe?ﬁtrilci)(ne&c)%%u? e p?é:saenr(:ff in&ér%?oanlis fna
not limitedntertheSspécificaly tistlosedwmibodimentss and varatioRs ahecd RS
modificatiprs.may @e spade withput departing from the scope of the present

invention. Although,nctional bloek diagragis rg used i deseliie i ng  rox
apparatuses in the above embodiments, the apparatuses may be

iffplent@RtedSsy hafdWars? softwaiteS8r a comiBination of them. 20The
present internationatrapplicsatien claimsipriority from Japameseatent uplink

Application No. 2007073728 filed,an Magch,20, 2007, the enfite. contents of .,
which are hereby incorporated herein by reference. --33- CLAIMS
S1122). "The uplink scheduling grant signal includes a
selected user number, an allocated frequency band for
15 uplink, and an assigned cyclic shift number.

The user terminal 2 determines an assigned RS
sequence based on the allocated bandwidth, the subframe
number, and the radio frame number used for transmission.
The user terminal 2, which is a MIMO terminal, shifts

20 the RS sequence by a cyclic shift amount corresponding
to the <cyclic shift number reported by the uplink
scheduling grant signal and transmits the shifted RS
sequence from respective antennas 1 and 2 after
multiplying the RS sequence by the corresponding

25 orthogonal covering sequence predetermined by the system
(step S1124).

The descriptions and drawings in the above
embodiments should not be construed to be limiting the
present invention. A person skilled in the art may think

30 of wvariations of the above embodiments from the
descriptions.

In other words, the present invention may also

include various embodiments not disclosed above.



1. A base station for communicating with a mobile station transmitting an
uplink signal according 5 to a single-carrier scheme, wherein one of

sequence groups each specifying reference signal sequences for respective
radio resource bandwidths is assigned 16 fhe base station, a different one of
the sequence groups is assigned to a neighboring cell, and the mobile station
10 transmits the uplink signal including one of the reference signal

sequefices specified byethe orenofcthe seepiehce grodyss assigred to theebasen
station; the base statier comprisings asschedulerconfigurechte-allacate ragioo £
o resoyrces,such.that ane or.more resource,units are allpcated f9 ihe mobile
station for communication; a repoﬁing uni?conﬁguredcto r%portnt%é
allocated radio resdurEes &l a'cyelicstift artounticethelmbbilesstatione anded
20a deypedulatinganitreonfigurediio demedyate-the uplinki signabreceiedicen
from tq%énobélnelzbsggg%g bassedaonethen%r%e of gls% rq__fer ncefsi naldsqequer]tcessen ‘
corresponding to one o?tthe radio resource bandwidths and the cyaic Shift
amounthieréin25cellte e issapplit R the réfereREe Sigfal seGUeHcE bl Y
be trarsmitted ustng A€ resouUILEHIt @Ndspec i f iSsequence hoppinguwbearein
differept,gnes af,lne eferenee signal seauences g assigned 19, 600secHvg, o
subframes is applied to the reference signal sequences 30 to be fransmitted
dding & bahbfidt greater tHarFone t8soureE uMit.! Us4- farfer orhplisiAgPLes
a broadsastingrurit eonfiguredds bregdcast theceneuckthe seguence greups se
assigned to.the hase station to the mobile station. 5

The present invention 1is not limited to the

specifically disclosed embodiments, and variations and

15 modifications may be made without departing from the

scope of the present invention. Although functional

block diagrams are used to describe apparatuses in the

above embodiments, the apparatuses may be implemented by
hardware, software, or a combination of them.

20 The present international application claims

priority from Japanese Patent Application No. 2007-073728

filed on March 20, 2007, the entire contents of which are

hereby incorporated herein by reference.



3. The base station as claimed in claim 1, wherein one of the
reference signal sequences to be transmitted using one resource unit is
statically 10 assigned to the base station; thereferencesignalsequencestobe
transmitted using the bandwidth greater%ﬁan one resource unit are divided

into sequence groups the number of which equals a total number of the
reference 1, signal sequences to be transmitted using one resource unit; and
the reference signal sequences in eacl-6Aef the sequence groups are
assigned to different subframes. 204. The base station as claimed in claim 3,
wherein when one rgsource Unitis a mininum bandwidth Wi, 8
number of the reference signaﬁ’ Sequences using the minimum ano%vidfﬁ%i

is Ni, atPa runfter'ofthe fefererite 25 Bignaliseguehces Bsigta basdwidihng
Wix thatds X tires greates thar the mjpsmum bandwidth WHnis XBd, NEquence
sequenes groups are generafediand . . - aldh sequence aroup cisan.,
integelggre ter than or eaual to ILLa%d less than or equgl to 1%%% includes
(Wx/WHS TRFSTEREE sitittal SeqGERCES With Tedtiehee huhthets I KN, .2Cand e
k+(WxDAHgN S Har thenbardwidtrWent3%ne of the sequence groups is

assigned to a neighboring cell, and the mobile station

10 transmits the uplink signal 1including one of the
reference signal sequences specified by the one of the
sequence groups assigned to the base station, the base
station comprising:

a scheduler configured to allocate radio

15 resources such that one or more resource units are
allocated to the mobile station for communication;

a reporting wunit configured to report the
allocated radio resources and a cyclic shift amount to
the mobile station; and

20 a demodulating unit configured to demodulate
the uplink signal received from the mobile station based
on the one of the reference signal sequences
corresponding to one of the radio resource bandwidths
and the cyclic shift amount, wherein

25 cell reuse 1is applied to the reference signal
sequences to be transmitted using one resource unit; and

sequence hopping where different ones of the
reference signal sequences are assigned to consecutive
subframes is applied to the reference signal sequences

30 to be transmitted using a bandwidth greater than one

resource unit.

2. The Dbase station as claimed in claim 1,



wherein one of the N1 sequence groups is assigned to the base station. 6.
The base station as claimed in claim 4, 5 wherein when a radio resource
bandwidth allocated to the mobile station is Wx, the sequence hopping is
performed using the (WIWI) reference s‘l%al sequences with sequence
numbers k, k+Ni, A, and is+(Wx/W21)Ni. 107. The base station as claimed in
claim 6, wherein one or more hopping patterns are predetermined for each of
the Ni Segukace gpoups.sing: 8. The base station as claimed in claim 1,

15 wherein the refesenge signal seguencesiare EAZAG SEENEES broadcdkst
A mobilﬁ station tragsmiging an uplink signal according.to aging&le-c%rier
the ne .o 0} e base

O . e seguence oups, ,asgigne
scheme, comprising: 20'a storage unit configured t6 Store sequence groups

each spetiying refereieersighalsediuenices for respective radio resource
bandwidths; a transmitting unit configured to determine one of the
reference signal se uengl?ees cggggpondmﬂqg% 25 one (ifatﬂﬁerg‘_j'g nres.ojllir(:e

: - o 1,
bandwidths based on radio resources allocated %f/ abase station, to shift the

deterniiR@8%tie of the reference signal sequences by a cyclic shift amount
as;igned by the base@taﬁ@n,t&ng t@émbmeupjiﬂklsigg@dgmwsg the be
shifted.one of 30,thg reference signal sequences, whereip cellJeusg is ; a11y
applied to the reference signal sequences to be transmitted using one
reSoured Uit ehdtSeduehceiGppihg Whére different ones of the -36-

reference signal seguences are assigaed te tpnsecutive subframes isto be

applied {9 fhe referance signgl segyences io,0e frapsmified UsiNg & ., one
bandwidth greater than one resource unit.
resource unit are divided 1into sequence groups the

number of which equals a total number of the reference

15 signal sequences to be transmitted using one resource
unit; and

the reference signal sequences in each one of

the sequence groups are assigned to different subframes.

20 4. The base station as claimed in claim 3,
wherein
when one resource unit is a minimum bandwidth
Wi, a number of the reference signal sequences using the
minimum bandwidth W; is N;, and a number of the reference
25 signal sequences using a bandwidth Wy that 1is X times
greater than the minimum bandwidth W; is XN;, N; sequence
groups are generated; and
a kth sequence group (k is an integer greater
than or equal to 1 and 1less than or equal to Nj)
30 includes (Wx/W;) reference signal sequences with sequence

numbers k, k+N;, .., and k+ (Wy/W;)N; for the bandwidth W,.

5. The Dbase station as claimed in claim 4,



5 10. The mobile station as claimed in claim 9, wherein one of the
reference signal sequences to be transmitted using one resource unit is
statically 10 assigned to the base station; thereferencesignalsequencestobe
transmitted using the bandwidth greater%ﬁan one resource unit are divided
into sequence groups the number of which equals a total number of the
reference 16 io signal sequences to be transmitted using one resource unit;
and wherghg referende Sighallsegaegneasin eachoneiof thesegueiceo the
groupsare assigped o different subframes. 2011. The mobile station as
claimed in claim 10, wherein one or more hopping patterns are

predetermined for each of the sequence groups. 12. The mobile
station as claimed if-anytohe 2&56f claims Pthrough 412 Wkestein thehebile 4/

Stﬁtif)nﬂilﬁ\é?ktdﬂ‘& mudiple. antenpascant rce bandgh@&r@msmimngau@iai&o the
configired;to use the, same ong of the reference sional sequences for o 30. ;
reference S|gnan ina subﬁame.

using the (We/Wq) reference signal sequences with

sequence numbers k, k+N;, .., and k+ (Wyx/W;)N;.

10 7. The base station as claimed in claim o,
wherein one or more hopping patterns are predetermined

for each of the N; sequence groups.

8. The Dbase station as claimed in claim 1,
15 wherein the reference signal sequences are CAZAC

sequences.

9. A mobile station transmitting an uplink
signal according to a single-carrier scheme, comprising:
20 a storage unit configured to store sequence
groups each specifying reference signal sequences for
respective radio resource bandwidths;
a transmitting unit configured to determine
one of the reference signal sequences corresponding to
25 one of the radio resource bandwidths based on radio
resources allocated by a base station, to shift the
determined one of the reference signal sequences by a
cyclic shift amount assigned by the base station, and to
transmit the uplink signal including the shifted one of
30 the reference signal sequences, wherein
cell reuse 1is applied to the reference signal
sequences to be transmitted using one resource unit; and

sequence hopping where different ones of the



-37- sequences. 14. A radio communication system, comprising: a mobile
station configured to transmit an 5 uplink signal according to a single-carrier
scheme; and a base station configured to communicate with the mobile

station, wherein one of sequeﬁ@@groups each specifying reference
signal sequences for respective radio resource 10 bandwidths is assigned to
the base station; a different one of the sequence groups is assigned

to a neighbodngeelpional shawsolsifsstation isscorfigeredto tramspsictiel ve
uplink signalincluding ongof the referepge signal fa sequencasspesifiad-by.c s
one of the sequence gro ngssi%ned to the bane s trilon' the Qase sct tion

. to e trarh &% S 1f1 1neg a ?I)an Wil % reater a{‘h one
includes a scheduler configured to allocate radio resources such that
one orifdre EESouree units are 20allocated to the mobile station for
cagmmunication, a reporting unit configured to report the allocated

radio resources anq@ cy%ice: sg%almgugtcto the mobile §tationd and

. : ) lajm 9,
ademodulatingunitconfiguredto demodu étoenthgsupﬁnﬁlsrpéenal received

from tH& AicHile station based on the one of the reference signal sequences
corresponding to one of the radie resotisee handwitihs and the.eycliesshift  be
amouQﬁaﬂsmitted using one resource unit is statically
10 assigned to the base station;
the reference signal sequences to be
transmitted using the Dbandwidth greater than one
resource unit are divided into sequence groups the
number of which equals a total number of the reference
15 signal sequences to be transmitted using one resource
unit; and
the reference signal sequences in each one of

the sequence groups are assigned to different subframes.

20 11. The mobile station as claimed in claim 10,
wherein one or more hopping patterns are predetermined

for each of the sequence groups.

12. The mobile station as claimed in any one
25 of claims 9 through 11, wherein
the mobile station includes multiple antennas;
and
the transmitting unit is configured to use the
same one of the reference signal sequences for two

30 reference signals in a subframe.

13. The mobile station as claimed in claim 9,

wherein the reference signal sequences are CAZAC



the mobile station includes 30a storage unit configured to store the sequence
groups, and a transmitting unit configured to determine
theoneofthereferencesignalsequences -38- corresponding to the one of the
radio resource bandwidths based on the¥adio resources allocated by the
base station, to shift the determined one of the reference signal sequences
by the cyclic shift amount 5 reported by the base station, and to transmit the
uplink st ieclading the shifted one of the reference signal sequences;

cell reuse is applied to the reference signal sequences to be transmitted

using one resource g}nit; and 3_0 seguence. hoeping where different ones, of
. . A radio cC mmunlgﬁ 10 s%sgem, %?m%¥lslng'
the reference signal Séquences are assigned to consecutive ‘subframes is

applied to the referéncBBigra sedirences toobe frahishsitedt@singr@nsmit  an
bandwigthigneatardhan one-rasouige thita  singld5cAcommunication; and

control method used i%a radio C(%mmunicatilpn %)éstgm incIudinIgua mol%ile .
. L. a aﬁe sta ﬁon cqy 1? e ﬁo com nﬁ$a e with
station transmitting an uplink signal according to a single-carrier scheme and

a base-Statprcorimiinicatitity with@heé 20 mobile station, wherein one of
sequence groups eaﬁl_a spe@fying@t%%@e sig;m@hﬁﬁqyeré@&ﬂqfor _rgse@em\_sl/ang
radio resoutce bandwioing is.agsigned o the base station, ”‘%aad‘?"]éfer%”sto%”rece
of the sequence groups is assighed to a neighboring celjf,.t e method
ddmprisiRgt 28 Fadi6 réssdrtecaliocatiohsstep Sperforméd by the base

station, of allocating radiofresouiees sueh that oniesor mwredaseurcerunits are s

aIIocatggStgggpgdnggiI% s;laetp(gh@(gggg%mggi%;ion.; a reporting step,

performed by the base 30 station, of reporting the allocated radio resources
and a cyclic shift arhBEntt8thé mobildtstationS o fa Fransmitting Stepsmit
performied byothenmobilestdtiony of transmitting the uplirk sighatbased shgnal

tb? '3géquences specified by one of the sequence groups
assigned to the base station;
the base station includes

a scheduler configured to allocate radio

resources such that one or more resource units are
20 allocated to the mobile station for communication,

a reporting unit configured to report the
allocated radio resources and a cyclic shift amount
to the mobile station, and

a demodulating unit configured to

25 demodulate the uplink signal received from the mobile
station based on the one of the reference signal
sequences corresponding to one of the radio resource
bandwidths and the cyclic shift amount;

the mobile station includes

30 a storage unit configured to store the
sequence groups, and

a transmitting unit configured to determine

the one of the reference signal sequences



radio resources and the cyclic shift amount reported by the base station; and

a demodulating step, performed by the base station, of demodulating the
uplink signal received from 5 the mobile station based on one of the

reference signal sequences correspond‘lﬁé‘to one of the radio resource
bandwidths and the cyclic shift amount, wherein cell reuse is applied

to the reference signal sequences to be transmitted using one resource unit;
and 10 sequencesheppingavhére differentaives oftthetiefereneéisignalesource

sequences-argiassigned ta sensesutivesubirames-issappliedstothedefarence y
signal sedyences,to be trapsmitted ysing,a bandwidh greater thanone ¢ 41
reference signal sequences by the cyclic shift amount
5 reported by the base station, and to transmit the
uplink signal including the shifted one of the
reference signal sequences;
cell reuse 1is applied to the reference signal
sequences to be transmitted using one resource unit; and
10 sequence hopping where different ones of the
reference signal sequences are assigned to consecutive
subframes 1is applied to the reference signal sequences
to be transmitted using a bandwidth greater than one
resource unit.
15
15. A communication control method used in a
radio communication system including a mobile station
transmitting an uplink signal according to a single-
carrier scheme and a base station communicating with the
20 mobile station, wherein one of sequence groups each
specifying reference signal sequences for respective
radio resource bandwidths is assigned to the Dbase
station and a different one of the sequence groups is
assigned to a neighboring cell, the method comprising:
25 a radio resource allocation step, performed by
the base station, of allocating radio resources such
that one or more resource units are allocated to the
mobile station for communication;
a reporting step, performed by the Dbase
30 station, of reporting the allocated radio resources and
a cyclic shift amount to the mobile station;
a transmitting step, performed by the mobile

station, of transmitting the uplink signal based on the
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radio resources and the cyclic shift amount reported by
the base station; and

a demodulating step, performed by the base
station, of demodulating the uplink signal received from
the mobile station based on one of the reference signal
sequences corresponding to one of the radio resource
bandwidths and the cyclic shift amount, wherein

cell reuse 1is applied to the reference signal
sequences to be transmitted using one resource unit; and

sequence hopping where different ones of the
reference signal sequences are assigned to consecutive
subframes is applied to the reference signal sequences
to be transmitted using a bandwidth greater than one

resource unit.



