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-1- DESCRIPTION METHOD FOR CONTROLLING
TRANSMISSION OF SIGNAL FOR MEASURING QUALITY OF BASE
STATION, USER. TERMINAL, AND RECEPTION. CHANNEL 5
TECHNICAL FIELD The presdnt invention generally relates to a
Long Term Evolution (LIE) system. More particularly, the present invention
relates to a base station, a user 10 terminal, and a transmission control
method for a sounding reference sigRaiRBAEKSRROUND ART A
successor communication method to W-CDMA and 15 HSDPA  i.e., Lon

Term Evolution Mﬁéﬁ@%o&%ﬁe&@%ﬁ@&kﬁ"@ RN b@%uﬁgr g IGNAL
3G¥OR CME@JSI.}RHGNGQ dispusked bp BGBRIAat A BINIardisERN JERWINAL ,

for \NE% J\E }ggﬂ\\/%gpal frequency division multiplexing (OFDM)

has been propose nlink 20 radio access method and

single-carrier frequency division multiple access (SC-FDMA) has been

prqng@qg Bs/an HRlikyadio access method (see, for example, 3GPP TR
25814 (v7.0.0),_"Physical Layer Aspects for Evolved UTRA," June 2006).

25In OFDM, a fr@&&‘erﬁﬁ%ﬁﬂ% oﬁ(ﬁ&@&%@ﬂn&?ﬁ‘@ﬁ%meﬁﬁéﬁ@ﬁy to a

bands (subsarricEsjoncdaia a(e TRYSeViEackon theoswopaiarsclilerly, the

subcarrlers are.densf:1 arran eilai: tq:e frequegc aX|s%t q:h.that th%y

paﬁfg/ overlap each other But 46 1o erfere with 888} 30°other. This

appeeshrenbblesafigh-speed ransmissiokoand pomtved fretiedingd for a

efficiangy i ng ref@r%gféalglfgﬁgqequency baud is divided into narrower
frequency bands and the narrower frequency
BACKGROUND ART
A successor communication method to W-CDMA and
HSDPA, 1.e., Long Term Evolution (LTE) (also called
Evolved UTRA and UTRAN or Super 3G), is currently being
discussed by 3GPP that is a standardization group for W-

CDMA. In 3GPP, orthogonal frequency division
multiplexing (OFDM) has been proposed as a downlink
radio access method and single-carrier frequency
division multiple access (SC-FDMA) has been proposed as
an uplink radio access method (see, for example, 3GPP TR
25.814 (V7.0.0), *“Physical Layer Aspects for Evolved
UTRA,”” June 2006).

In OFDM, a frequency band 1is divided into
multiple narrower 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
improves frequency efficiency.

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



-2- bandsareallocatedtodifferentterminalsfor transmission. This approach
makes it possible to reduce interference between terminals. Also,
SC-FDMA reduces variation of the transmission power and therefore
makes 5 it posshble to reduce power edasumption of terminals and to
achieve wide coverage. In a frequency scheduling method that
employs propagation path fluctuations in the frequency domain caused by

freguppey selgpiive faigdata@re 1PJrangpiftpdising MegpR@nBands for

with good reception conditions and therefore user terminals are requested

to gﬁaﬂmm%gnﬁ&l%r ARPhRaste R edf bEeiR@gThBMRe to reduce
dudkiy efrdfieexamngle, heEwd ERA wplinki tradsnissidsbandserEpliocatedduces

to data.channels taking 15 jnto accountthe frequency sel %ivit of
re%?\yeloaﬁpon ?’k <] ruasnsr{gr%slﬁémuegwer anc{9 hex‘erfé)re makes

channels and eac

er ISTrequested to send a

5 widthapagsive $ign&bcatieducsormile) retoreadaRighen (SHEXfRFMinals and
MEASULRH il&,gpw]!ﬂ@cg[y@g%@pel quality. 20However, when a UE

located away from the base station is to transmit a wideband sounding

reference signall therdHERTS&EBRYoREPRAMIERE TiREBRME, that "employs

regeisshigedodf theatdundingceliesariesnsignphat tiebafestatiancy domain
becomes(ljow arpd thefe\ccuracry in 25 me'asurin the rq_cei\Led chanrael
e eque ect

qugﬂvsls Ffeduced.

reaqs i lethor propoéeg to co;‘%‘éj With*this ata are

10 pravtemsthett@ssmissiargbafii@aieneythdsosling réferepoedignaldeption
adgpifidt SIS RECRIEPS IO e disBpcReimnip il lape qeéYi{G@%fted to

the ME and_the base station. 30 Meanwhile, the following two methods for
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mFESExiNY

dehniny RicRALS sifRiis Tk diftAsIiRPRMdtS hAvRce Tved-

beehgrerdsed:.quality. For example, in E-UTRA uplink,
transmission bands are allocated to data channels taking

into account the frequency selectivity of received

channels and each user terminal (UE) 1is requested to

send a wideband pilot signal called a sounding reference

signal (SRS) for measuring the uplink received channel

quality.

However, when a UE located away from the base

station 1is

to transmit a wideband sounding reference

signal, the transmission power is limited. Therefore,

the received power of the sounding reference signal at

the base station becomes low and the accuracy 1in

measuring the received channel quality i1s reduced.

In a method proposed to cope with this problem

the transmission bandwidth for the sounding reference

signal is adaptively adjusted according to the distance,

i.e., a path loss, between the UE and the base station.

Meanwhile,

the following two methods fTor multiplexing

sounding reference signals with different bandwidths

have been proposed:

Multiplexing method using distributed FDMA



- Multiplexing method using distributed FDMA -3- (FIG. 1) -
Multiplexing method where sounding reference signals are classified into
groups by bandwidths and the grouped signals are multiplexed using
localized FDMA 5(FIG. 2). In B3th methods, sounding reference
signals with the same bandwidths are multiplexed. by COMA.
DISCLOSURE OF INVENTION 10 PROBLEMS TO BE SOLVED BY THE
IN\(EI}I(‘[I_OI_\LI) However, the above background art technologies
have problems as described below. For example, after.
transmission. band¥@IEF &% A5HBRy IR dSYiRdHye reference
refsigneaiBigrate ISlinswitd easalm ttdegpo@ssmippsphledp aliehateamd the
wagemizsion DaRd 1o gesoundingreierenge siggal wih & dMfgrely r-oq  Foua
bandwidth, FIG, PLRows af example wt?ere)ﬂequency BAnns AT OWaT

5 thattFd Gsystm bandwidth are allocated as tranbmdssion bands for
sounding referenge 30gianaliethbifE 3, Liarsined ¥OPERIGnal s

the system bandwidth is to be allocated to each of UEI and UE2 and one
halt bEthetbRt &AM 3166 aliscatkd td DE<ed s hiléfon

hands for sounding reference signals. In this case, if transmission bands
25 r f y one half of the system bandwidth are
aII[Sli 8 O E'\?m%r ively, it becomes impossible to allocate
10 a HAROBISEME trEnsBlssiOh-BERd BY UBS: TONEMIHANIs problem, it is
necessary to 30 ipgeges-thegibcapisydtsaakiF SeHRdIRp fefeEMifologies

signals. As shown. in FIG. 4, the sutcarrier interval increases as the
nuhf’b

¥E oPHRRIEND ABWHRRS d BEThRBNIRYed increases.

For example, after transmission bands are

allocated to some narrowband sounding reference signals,
15 in some cases, It becomes impossible to allocate a
transmission band to a sounding reference signal with a
different bandwidth. FIG. 3 shows an example where
frequency bands narrower than a system bandwidth are
allocated as transmission bands for sounding reference
20 signals. In FIG. 3, i1t i1s assumed that one eighth of the
system bandwidth i1s to be allocated to each of UEl1l and
UE2 and one half of the system bandwidth is to be
allocated to UE3 as transmission bands for sounding
reference signals. In this case, 1If transmission bands
25 that are apart from each other by one half of the system
bandwidth are allocated to UEl and UE2, respectively, it
becomes impossible to allocate a half-system
transmission band to UE3.
To prevent this problem, It iIs necessary to
30 increase the subcarrier interval for sounding reference
signals. As shown in FIG. 4, the subcarrier interval
increases as the number of different bandwidths to be
multiplexed iIncreases.
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-4- However, increasing the subcairier interval decreases
transmission power density per unit bandwidth and decreases power
density of a received signal at the base station, thus reducing the
accuracy in measuring 5 received chaithel conditions. Also, increasing the
subcarrier interval decreases the number of code sequences used to
multiply and thereby to separate sounding reference signals to be sent by

users. One objegiffdle Preseii FMeAFAS [Gh@ SONGRIAPFIEH ON§ PEerval

more of the above problems and to providé a base station, a user )
terffitdIa58 S trhhSRRIGS eGP Ro PP 2 IdInBfRE réfdidncRandwidth
sighabthdemekadicgossibleio efécisity alofate traytsniigsidn bagdaforat the
Sounigg (eferpRes SIORAIS L5 MEANS FORSOLYING THE PROBLENS
Anaspéecto e presen Ihzentich provi(?es a basé station used Ih d 9
systent Werde scimaniplefer@uidignaesrom ddseermindicagasing  the
mulliplexd-yeipg 2§ diatikuigd FRMA-nwBich digtibuted freguencihF  code
blocks each including frequency subcairiers discretely distributed in a
sySERHBARRdtH Sl ctatedtbhERAYr téfithaltsi& e sfQenseparate
basdwitlih isyrepefiachnbalved gria frequenbebaecth segyentseassording

1o a 25 binary-rgg. strugiye, he base siation includes 8 YANMISHIAN is o
bandwidth determining Lt configured 1o detdMine Hansmisaion

basalideh10 edismatens Be rogyecto€ utketerbinvgs foroblems and to
trapseNsRipn ofdhe spundinadpfargnee Sionals hasqd onpRiASEES and  a

between 30 the_user terminals and the base station reported by the user

terklifAIS™ FaABMdSRINIFEJueMSNAErmEfity Wit @RI RRpo reference
allegajadtie fraqurenoydiand sagmenéssddylespardingfid iled datelpinad locate
tra@smission bandwigths -O-fas transmiasion frequnc banns for the

sounding referentce sighals; and a Tansmisior metod reporting anit
configured to report the transmission bandwidths and the transmission

freqEaReY RARISIOLI0 NESARREVPROBLENS

An aspect of the present iInvention provides a

base station used iIn a system where sounding reference
signals from wuser terminals are multiplexed using
distributed FDMA 1n which distributed frequency blocks
each including frequency subcarriers discretely
distributed In a system bandwidth are allocated to the
user terminals, and the system bandwidth is repeatedly
halved 1nto frequency band segments according to a
binary-tree structure. The base station includes a
transmission bandwidth determining unit configured to
determine transmission bandwidths to be allocated to the
respective user terminals for transmission of the
sounding reference signals based on path losses between
the user terminals and the base station reported by the
user terminals; a transmission Tfrequency determining
unit configured to allocate the frequency band segments
corresponding to the determined transmission bandwidths
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5 user terminals. In a system where sounding reference signals to

be transmitted from user terminals are multiplexed using distributed FDMA

in which distributed frequency blocks each including frequency

suldcarriers discretely 10 distributed ir@-system bandwidth are allocated

to the user terminals, the above configuration makes it possible to allocate
frequency band segments obtained by repeatedly halving the system
bagdwidipya6r9rdiag {9a DiNpREYERSEYCIURRAYEANSPYPSIOR HBIUEASYinding
bands 15 for the sounding reference signals. _  _Another aspect of the _
prd2he iRRAGorSHIURES 1 RBH tefmifdieBER QR RS HAarE deporting
soundieg refer€ige pigmal iomitbpuiper taienat isamshipiexidrusibgndwidths
distributed FDMA in which a 20 djstributed frequency blqck includin .
eaih o AR SRR LR BN, K i Tespective
allogesd tetielingdkserminal., the system, bandwidth is repeatedly halved

into frequency bapd seg RCCRting logpbiRaphiee G Wifcd signals

transmission 25 bandwidth to be allocated to the user terminal for

trah8miBSiortsAE R bLREMg FdieentSSipndied tididahihed basebdtdplexed

pathslpag beliser iheiuser tevDipal dnd avbdsshstatinstrepbueddy theequency
usalterminal and one qfth .frequq_nc band segmeonts 30 correspondin
to

SR A AU N TRy oalbr A LS s cetely
freqlisﬂ:ayi bartetbr m"e @uﬂﬁ@gﬁfei@i@d%i@iﬂh méaj_sel toeatgd to the
incligdes a Rl ManpIRg uniggRNfigyisghie Mapah§qyiag i%fﬁfe”@l%\l(%'s it

signal sequence to subcarriers based on the transmission bandwidth an

thePPEd RS ok GreLIbAER band FESHIRROYy BRhsEeARgsHE S| eptained by

systepraiteisoundingeterariee signatseh tadee tiansioiited doprdiely to a

tean.inaIs aretmultiple%ed uls_inig distribut%d FDMA in which ,ijistributed
Inarypkree Structure. as  transmission. freglency bands

frequencyybloc S each Including frequency suincarriers discretely

disfidbutétén scys@mmpanafidicacealidtarsl®.the user terminals and

where the systemhapduidth isH rapeatggly helygd intq-BegHency PaENtion

segments according to a binary-tree structure, the_above configuration

mdKESVYHSIESib@ toYRREmitE EB8RGihg reRGEncd Bigrial BHRIGHRE offiere @
fregoeneyibgnd peFaesiscas adiisalissippdrequensy hass 1edrethaal  is

aspeqtof e RGsent Vention Jistributed FDMA  in  which a
distributed frequency block including frequency
subcarriers discretely distributed In a system bandwidth
iIs allocated to the user terminal, the system bandwidth
Is repeatedly halved 1i1nto frequency band segments
according to a binary-tree structure, a transmission
bandwidth to be allocated to the user terminal for
transmission of the sounding reference signal 1Is
determined based on a path loss between the user
terminal and a base station reported by the user
terminal, and one of the frequency band segments
corresponding to the determined transmission bandwidth
iIs allocated as a transmission frequency band for the
sounding reference signal. The user terminal includes a
data mapping unit configured to map a sounding reference
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provides a method of controlling transmission of sounding reference
signals in a system where the sounding reference signals from user
terminals are multiplexed using distributed FDMA in which distributed 20
frequency blocks each including frequemey subcairiers discretely
distributed in a system bandwidth are allocated to the user terminals, and
the system bandwidth is repeatedly halved into frequency band segments

aceGgHNOERNaRNCEC SritiHEa MFers MeHineldeR & reFaPifi ssion
step of receiving measurements of path losses between the user terminals

anBANNAE i ANFbnT e JEERRSMIRIECDr HRIYEBR Ya@Rdih reported

detgymitieg Istepeofieierinining transmission bandwidths to be allocated
to the 30 respecﬁive user ter?inals er transmissiﬁn of the sPundin
n ere

; d.s em. w soundin erencg,e signals
reference signals based o%st € measurementis 0 the%aﬁlelosses; a 9

traliomibsiortreqsaricyidserihiiing siep of diecadmpde frrgaermy bahal exed
SeYRPAL i SLFTBRARENIED e dﬁ‘ie“WWFg'HfaB%@iéﬁmh%WWiﬁ%uency

as transmission frequency banns for the soundin

5 RARERS i, ARG RLAHHiSEIARRON SHRAG ShaY 5t relisarg tely

thelfansniissioadoandwidthsyangethe barangitigsiorafrequentydands toto the
the reSPectjé/e user t(irminals. Ina Si\./ tem where soundin
use e S, a ﬁ

rrpl ab nd. H/I'f]ere e .s()j(stem amdwidth is
reference sighals to bé transmitted from user t€rminals are multiplexe

usingritettipciiby Fomvad wiidiodifribytentryglany megoekdeacecording
incpyling fregyRATY,S\HFariers fissEqighedistripHied M e¥stefbnFiguration

bandwidth are alloCated to the user terminals, the above configuration

mdk@5GSpoibleROSHALAE frebienty BARE LEgnientS BBREIEELy reference
repsegecly halvihgghessysteorbapdwidtraceasdiog thadd bivegntiaes as a
str%cture as transmisEiron fre?uen%ba ds for the sounding reference

signafs ADVANTRAGESYS THE INVENT ION Aspects of
the present inveAieritpewideaspect of the present invention

provides a method of controlling transmission of
sounding reference signals 1In a system where the
sounding reference signals from user terminals are
multiplexed using distributed FDMA i1n which distributed
frequency blocks each 1i1ncluding frequency subcarriers
discretely distributed 1i1n a system bandwidth are
allocated to the wuser terminals, and the system
bandwidth 1s repeatedly halved 1iInto frequency band
segments according to a binary-tree structure. The
method includes a reception step of receiving
measurements of path losses between the user terminals
and a base station from the user terminals; a
transmission bandwidth determining step of determining
transmission bandwidths to be allocated to the
respective user terminals for transmission of the
sounding reference signals based on the measurements of
the path losses; a transmission frequency determining
step of allocating the frequency band segments
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20 base station, a user terminal, and a transmission control method for a
sounding reference signal that make it possible to efficiently allocate
transmission bands for sounding reference signals. 25 BRIEF
DESCRIPTION OF THE DRAWINGS-7/- FIG. 1 is a drawing
illustrating a method of multiplexing sounding reference signals with
different bandwidths; FIG. 2 is a drawing illustrating another 30

m%ﬁ?@@&%ﬁ@iﬁ@“@t@“ﬂﬂ@gdi%%é"r’ﬂ%%anai%%nﬁ@%{?ah bandwidths

bandwidths; . FIG. 3is a drawing used to describe a problem in )
allé&ting FARSAISRAPPandE F60M5 Melihg rRfiidsce TRiignkRe  sounding
FIGefisradoawing gaed to; desatdbeaanpitaigmalkision atkeadind reporting
transmission bands for soundjng reference signals: 5FIG. 5 is. a partial

Itk Sngi i AEOOAH it b SOt Al g e gna the
thetp@entidsdation; Frequerg. ohaadfawhiey illtbeatineapesthdyef user
allqeating s mission banns for sounding reference 10 signals according

to an embodiment of the present invention; FIG.is another drawing

illustrating a  mbtho# oFXiESHingHPEASMiSAsNEARgs thrisNfiicg Signals
refetenee sigials endardiy tFroembsdimentehthnalbspresant invdntignl exed

using distributed FDMA i1n which distributed frequency
blocks each 1including frequency subcarriers discretely
distributed In a system bandwidth are allocated to the
user terminals, the above configuration makes it
possible to allocate frequency band segments obtained by
repeatedly halving the system bandwidth according to a
binary-tree structure as transmission frequency bands
for the sounding reference signals.

ADVANTAGEOUS EFFECT OF THE INVENTION
Aspects of the present invention provide a

base station, a wuser terminal, and a transmission
control method for a sounding reference signal that make
It possible to efficiently allocate transmission bands
for sounding reference signals.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 i1s a drawing illustrating a method of

multiplexing sounding reference signals with different
bandwidths;

FIG. 2 1s a drawing illustrating another
method of multiplexing sounding reference signals with
different bandwidths;

FIG. 3 is a drawing used to describe a problem
in allocating transmission bands for sounding reference
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FIG. 8 is another drawing illustrating a method of allocating transmission
bands for sounding reference signals according to an embodiment of the
present invention; 20FIG. 9 is a partial block diagram illustrating a user
terminal according to an embodiment-d8the present invention; and

FIG. 10 is a flowchart showing a process in a radio communication system
according to an embodiment of 25 the present invention. EXPLANATION
CFRERERENCES 100Base station 102Transmission bandwidth
determining unit 30104 Transmission frequency determining unit

106Transmissiof i2quéhcl TaaGd@¥lnghilisitolie adsghttReufnother
11pcodd enandgemehl oo t-2nd 1 A0ransmissiviorandaiods cofivpl usdunding
2098%%?%W8gwgignals;

FIG. 5 is a partial block diagram illustrating
a base station according to an embodiment of the present
invention;

FIG. 6 is a drawing illustrating a method of
allocating transmission bands for sounding reference
signals according to an embodiment of the present
invention;

FIG. 7 1s another drawing illustrating a
method of allocating transmission bands for sounding
reference signals according to an embodiment of the
present invention;

FIG. 8 1s another drawing illustrating a
method of allocating transmission bands for sounding
reference signals according to an embodiment of the
present invention;

FIG. 9 1s a partial block diagram i1llustrating
a user terminal according to an embodiment of the
present invention; and

FIG. 10 is a fTlowchart showing a process in a
radio communication system according to an embodiment of
the present invention.

EXPLANATION OF REFERENCES
100 Base station
102 Transmission bandwidth determining unit

104  Transmission frequency determining unit
106 Transmission frequency management unit
108 Code assignment unit
110 Code management unit
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202Transmission signal sequence generating unit 204Discrete Fourier
transform (DFT) unit 5206Data mapping unit 208Inverse fast Fourier
transform (IFFT) unit BEST MODE FOR CARRYING OUT THE,
INVENTION Preferred emb&iments of the present invention
10 are described below with reference to the accompanying drawings.
Throughout the abcompanying drawings, the same reference numbers are

used for payts having ig5a78S dNERRSWARLAVEIAPRIRa desrriptions of

those parts 15are omitted. A radio communication system

accordin?@%n eMBBki.FehfdNAL present invention is described below.
Theradiogemunitesinssyitenioofthis @ndiodimqueisdasgdmarzaong unit
Term Evalygion (LLE) (also, 20 called.Evolyed UTRA an AN or Super
e WL o Gl A SR e
access maffod ahse-PaupiBusE BE the uplink radio access method.
In CTDM ppyfrequyngyhand ipLiided i1 SpIgRIS NOFMN RIS unit
hands 25 (subcarriers) and data are transmitted on the subcarriers. In
SC-FDMA, a frequency band is divided into narrower frequency hands
angE$T NRODEEF JROUARRYIATISOUE afleeatbuMeNiifigrnt terminals for
ransmission. This, P FRNMBEER faeesPirodReu s 2 Ne 5 508?
between terminals.

invéntion

are described below 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
are omitted.

A radio communication system according to an
embodiment of the present invention i1s described below.

The radio communication system of this
embodiment i1s based on Long Term Evolution (LTE) (also
called Evolved UTRA and UTRAN or Super 3G).

As described above, OFDM 1is wused as the
downlink radio access method and SC-FDMA is used as the
uplink radio access method. In OFDM, a frequency band is
divided into multiple narrow frequency bands
(subcarriers) and data are transmitted on the
subcarriers. In SC-FDMA, a frequency band 1is divided
into narrower frequency bands and the narrower frequency
bands are allocated to different terminals for
transmission. Thus, SC-FDMA makes it possible to reduce
interference between terminals.

Next, a base station 100 of this embodiment is
described with reference to FIG. 5.

The base station 100 includes a transmitting



Next, a base station 100 of this embodiment is described with reference to
FIG. 5. The base station 100 includes a transmitting -10- device. The
transmitting device includes a transmission bandwidth determining unit
102 that receives path loss measureméfts and maxim= transmission
power levels from user terminals 200; a transmission frequency
determining 5 unit 104 that receives an output signal from the

raggmission bawgth SlsiFEviing gk PEed FRBITHRSIONIregFsAShission
management unit 106 connected to the transmission frequency

deRARNIAG thit 962 BAA B8sigtMdnt L7 188 @tar F&CRBEM ARty 10ss
sighahtsamehi:thediransoisso fiequenesitisiarsdiiog upoldd, deodds from

managementuait 110 coppected jo the cade assioppent unit 108 apd a4 5
transSmission bandawiath contro?unl{ ‘HE conne&ed 0 ﬁ% tranymission 9

5 ba!:lﬂ\i/itlth a%rmﬁh@gcuniraoz,inh@swar@mis@@ﬁﬂ@ﬁueﬁc@gmahagim@m the
unig 19RsARSdpdhe codemprpgement dBtdining NdAiPt  102; a

embodiment, sounding reference signals to be transmitted from user
terkliRAISTAIS FAMDI NS YisHRURIEEERA WRAE ditAngegnected to
fregnencyrizlaeisieanhoncledivgieantyznce seinedrmieng diaerete 8@ ; a code

distributed in the system, dwidth are allocated to the user terminals.

TR IEhEE YR SRR S RCRUTBLE R G From
10 baﬁb@iqt@fosémdin@ rciémt_@:ery@hanigtbetr@tiarimitteﬁ ia_t/ tA®dsera code

25armaigalRelP- Theitansarssigghiedpidihsdar the,goupding refelsighment

signals are determined, for example, based on the distances between the

bat® thtidR8 b0 the EPREMSTIG R EHEN control unit 112
Foexanede doetiansunissianzanshid® ithdejartininpruniti @2 phdeaiesy unit

Wi%%%""”%{ﬂ‘eSS%?Pabnas”n‘%'Ws‘%tE‘Srﬁo pRIguacaed nqeﬁétheem%%sﬁ SRI" 182 and
and A6cates nalrowar ranamission DANdWidthedo Uers Other than those
15 locted pesiethpdzagatativh 100 WMdrk0 -

In this embodiment, sounding reference signals
to be transmitted from user terminals are multiplexed
using distributed FDMA where distributed frequency
blocks each 1i1ncluding frequency subcarriers discretely

20 distributed In the system bandwidth are allocated to the
user terminals.

The transmission bandwidth determining unit
102 determines transmission bandwidths for sounding
reference signals to be transmitted by the user

25 terminals 200. The transmission bandwidths for the
sounding reference signals are determined, for example,
based on the distances between the base station 100 and
the respective user terminals 200.

For example, the transmission bandwidth

30 determining unit 102 allocates wide transmission
bandwidths to users located near the base station 100,
and allocates narrower transmission bandwidths to users
other than those located near the base station 100. More



specifically, the transmission bandwidth determining unit 102 determines
the transmission bandwidths for the sounding reference signals based on
path losses and/or maximum transmission power levels reported by the
user 5terminals 200. When a uddr-terminal 200 sends a sounding
reference signal using a wide transmission band, the transmission power
per unit bandwidth becomes low. As a result, the reception level of the

sounrling f4fesANG?, 10 figeal & e BRI SPHeN LORRAFPHES oW Ermining

the measurement accuracy is reduced. If the base station 100_is
colfiifed B sele&R IR B5 it whb 8D SBISHM G PefBRMN Wihgs for the
recsivathwitlg geedreacentien evglsadsly bdwated owmpethf usesses and/or

terminals can 11.5 transmit soundin referepce si%nals usir}%w(ijd
max i mum r%nsmlssm'g Ff wer_ 1ev rep? e the user
transmission bands. or'this reason, the basé'station 100’allows

us&etenhiralswal@xtra transmission power to send the sounding

reference signalgptyide, intga@ys inhe 4P uersy dpdAsi-€ a USEind i ng

wide transmission bands. The transmission bandwidth determining unit

105 LRSS AR sidhIdWer Rvel heBesidg5mbRRIAN band, the

pregieiersnines ieseptionapaliy based en laaprally ietsepeidehby eddw. As a

us?_retéelrjrp' al, %H% deterrgin€§ 25 wheth théefdif eihrlgnce buet\g?%n the
iy .

.recda (?n evc? . PO n reference
maximum ttansmission power evel and'the estimatéd fransmission power

10 level gngrbatértthath® edaseo sgtretiemmmidédthieshoresf thow and the
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diﬁﬁé%ﬁié@ﬁ%t%é&w&g%tqmwhowt%gaﬁ%{gl§s@ea_tion 100
bandwidth determining unit 30 102 determines a transmission bandwidth

forkRe SAUMEHYIREed@ SREMFELhEBREr dRNMANEDS enqsie, yROuNding
trapefiiasiniceandyiigifiedesernaining uriicklz/atipcatasta tragsmissiareception
bapdviciy epresguied by IBWQ2T (iherp B0, 12 indieate BRHSISTY can
bandwidth and*h* hdidates'an m‘?eger grea?er than 0): he

trafsmitssiohtfreqemapdivng mining Teitertzedetesiiges bkansmissinng ~ wide

fregpgpl%ri%fﬁr g15,gsounding reference signals based, for example,

on the transmission bandwidths determined by the transmission

bandwidth deterffdingdtiili® 102 RRxarkpe, esainshrtika M fretd@ndl 1ows
deteseining bnii AQ#sleldrarinesckpasrasaivsnfieieney pends fardheend the

So%%ﬂﬂ%fﬁgwewg?erence signals at wide intervals 1In the
frequency domain, i1.e., using wide transmission bands.
The  transmission bandwidth determining unit 102
estimates a transmission power level necessary to
achieve predetermined reception quality based on a path
loss reported by each user terminal, and determines
whether the difference between the maximum transmission
power level and the estimated transmission power level
IS greater than or equal to a predetermined threshold.
IT the difference 1is (greater than or equal to the
threshold, the transmission bandwidth determining unit
102 determines a transmission bandwidth for the sounding
reference signal of the user terminal. For example, the
transmission bandwidth determining unit 102 allocates a
transmission bandwidth represented by BW./2" (where BWg
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10 signals by referring to a frequency band allocation status recorded in
the transmission frequency management unit 106 described later.

In the base station 100 of this embodiment, transmission bands are
allocated to sounding reference 15 sigdas with different bandwidths
determined by the transmission bandwidth determining unit 102 according
to an allocation method similar to orthogonal variable spreading factor

CO@%&Q?@E&@'O%ﬁtioﬁa/yﬁ@nﬁp%%ﬂ?w&’éﬁs itpegsible o effi¢igiidates an

allocate transmission 20 bands tqo sounding reference signals such that

und e8I EAISGINSEAARe Ystem bandwidth are reduced  This
approach also nTehes ittressivid 43 ieshicefthecpubnaryierdeteasahioring unit

soynging reference signals, 1o Improve the ageuracy In meaguing. ¢, the
received ¢ annerpkg conditions, ang% prevent re ucﬂoXin e number of
cogsedodiarites afer enpriltipiygnaltherbbpesisepbdie sxamtrdg, on the

refgeeaiERAD P NSPRIN RIS Sde termi ARG BYPEn8S F1UMBission
FIG. 6, the sﬁem bandwidth_(BWO) is divided into multiple frequenc

baR@?d nt<EERY B GrucHPA bn tHi9%xampie bastgdpprde. the
bineraitres RisiEtuie, fire gysiamybaddwisith indinigled mia twooleqdereyrmines
band se%ments.and least one of,the two f';ecilueﬂgl:g hgnd r§89ments i

furthet ~T3- dvided in g?ﬂg.el?l%{hebravoor s, at least oné %!fleacﬁgaiFg?erence

fregagnay lsan@_xsegmfﬁsrlsifoghetdivi@ed Tfeawerey _th|i33$tdp i_al location
repsatqddn AdBRYEES 2R E0PP LRSS AVE FBERIEACT NRanagement

means that if all 5 frequency band segments are repeatedly divided into

w'BAE HOGidderHINGE ) FERE-binary tree structure reaches "n* (n

ibbicates an integar greatershse O)s therdiysien)dmnawidtbHis14hifodiment,
dlvtdred into. fre uenCé hand seq.mbntivvétgaatb%ndwldth of BéJﬁO/Z )

Th
10 nu"?lnrbser?'oﬁﬁleorgrc %Q I%ve?s 8f ez?t er one% theosu (r)éjens Célrgbere%erence

incedgswllfiyst.wi tie eddfiprrsticivn raRIdy B] the nuddte ohiikeskchinal the
levelseidhg 4&ff sHP TR BRereRS el tskmiiG H@”ﬂﬂiﬁioﬂd?%@aa’d ing to

determlnlni unit 15 104 allocates transmission ffequency banns

coRBsp&HARG AR same RidrcHdal [ of it bRERIREEREctuYatd able

thespauntirion pfeFasa sigrajaef Wgavsenninald tedeioallocateistheipproach
same gandgdth ?é%h.ebt ansipissiop AN deterpiaing unig 192 F s sion
exal%p?e, 2d &s 8Fswd i BiG! B {hié HnsHissien f?eque%cy determining

unhdodslictatesaurehbngssivefieggeeey Iskghnedreessoraiingtbate unused
h'eﬁ@q)@hwe' BdRdsUsGhierpgal bt saflogaiadaRpngwidieo reduced.

f
BWO/8 by the transmission bandwidth dbtermibing unit 102. 25FIG. 6 i
proVid&t jRPREREkarAieOTHEakes it possible to reduce the

subcarrier interval for sounding reference signals, to
improve the accuracy in measuring received channel
conditions, and to prevent reduction in the number of
code sequences used to multiply and thereby to separate
sounding reference signals to be sent by users.

For example, as shown in FIG. 6, the system
bandwidth (BWp) is divided into multiple frequency band
segments using a tree structure. In this example, based
on a binary-tree structure, the system bandwidth 1is
divided into two frequency band segments and at least
one of the two frequency band segments 1is further
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number of hieratchical levels may be increased according to determined
tranbmibsion bandwidths, and the number of hierarchical levels of the
right subtree may be increased first. 30The user terminal 200 transmits
the sounding reference signal using thd.3Hocated transmission frequency
band_ The base station 100 performs frequency scheduling based on the
reception quality of sounding -14- reference signals and allocates a

rag§RIRHAN BAnE0o £a6h dite hanap! WiBikade i3p0q 8hY€ one of each

transmission frequency band of the sounding reference signal sgnt from
y

thePedrFe PbndiRGAEP R n AR5 isdisn fre ivided into
mapegeamerdt wliti)6seanages thecpneetian stitusof tidaizancy bapds each

allocated B he yiansmispiop feaupRyelermizing Nt d0de Py i ar
example, hétransmission frequency managemen unit receives a
coifib@tiition@y baanwidsedoe sl @seundimpatedhye digviddaton e two

trapprpispioniandwisile FORER UL 121 08 iranFRISSIRAFCAURry  tree

management unit 106 manages the current usa%e status and users of the

reNHFISHBiIndiRAGERquéhcy GBndEFRETHEE adllgnhidii IRl 168 €ater
deteignine®yQdexAé fosihsrsaunding defoarce ggngls. Acr exbivilgethe into
coge assignment unit, 108 assigns co such,that the nding teferepce

sigqr%Fs unsc@(tebr%ri]r%lss E mgﬂ%()sgovyl({%eoa onbf"hne réi‘%ﬁlcgixéﬁ&}lsﬁo, - The
thencodesissigfmemi @nanoig kepdris ey edssmiskioes bihewidtbsie20 de  the

ragHSEILTTRAHENGY bﬂﬁ‘@?e%%‘?eﬂ“emdo&f.forlWeﬁﬁé‘”QMSi%eg%wn in

signals to the respective user terminals 200. e code

Is 2 ) T d
mantgemBnt JHeL 104Rges Theld@rahcbhcadud sved s ¢ tide left
sogndiegeefei@ncencreased first.

The transmission frequency determining unit
104 allocates transmission frequency bands corresponding
to the same hierarchical level of the binary tree
structure to the sounding reference signals of user
terminals that are allocated the same bandwidth by the
transmission bandwidth determining unit 102. For example,
as shown 1In FIG. 6, the transmission Tfrequency
determining unit 104 allocates a transmission frequency
band corresponding to the hierarchical level 3 to a user
terminal that i1s allocated a bandwidth of BWy/8 by the
transmission bandwidth determining unit 102.

FIG. 6 1s provided just as an example. The
number of hierarchical levels may be increased according
to determined transmission bandwidths, and the number of
hierarchical levels of the right subtree may be
increased first.

The user terminal 200 transmits the sounding
reference signal using the allocated transmission
frequency band. The base station 100 performs frequency
scheduling based on the reception quality of sounding
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25signals. In other words, the code management unit 110 manages the
usage status of codes. The transmission bandwidth control unit 112
selects a combination of bandwidths to be allocated to the sounding
reference signals based on the distribtii8n 30 of path losses between the
user terminals 200 and the base station 100. The selected combination is
sent to the transmission frequency management unit 106. In this

emRoipeRicH ISATYAIRS BRAEWE FPRIRIRRIONS Oft PARAWFLRS 81 band to
provided for sounding reference signals. One of the two combinations of

baR@IitHRAERSEIRNE L AREY Bigth8 isteRvRh $8Rurhbensmission

usdirietuinats/ witbarigh pegh lebzes sosmdliand iefethenbeong dtiel sent

twigomb{%aéiogg Ii,sr%%e% when th% ngrlpb&r} rQrfn %ls%rlterminals with high
pat I%sses IS large. P Wien %e number (5} user terminals with high

path losses is smal i eravsnise umddraquesciermig @narpatunit 106
lossef Qgealer tpaR or efuRb i fdhPressRalslosyipvelfilassdhaya bands

predetermined value, as exemplified in FIG. 7, a combination of _ ~_ )
baRdIRERERA: BYaHiBE aFEGRRLTINAS rhhem sy asdepnining unit
souding Fefereagaisighals itiselecieanmi s foliar@naigsiendanéanagement
correspongding to_hierarchical 15 levels. 1 through 3 are shoyn. With thj
o e R T DA SR AV iy e
BVgORrhnge allvefedenaaisersvigna ks pafiywss, abldea trahsmnssigrss ion

bapd MAhiR LANAAREY PV § €27 b9 allagaledidp sy 3uiba NiBPequency

path loss. )
management unit 106 manages the current usage status and

users of the received combination of frequency bands.

The code assignment unit 108 determines codes
for the sounding reference signals. For example, the
code assignment unit 108 assigns codes such that the
sounding reference signals of user terminals are
orthogonalized on the frequency axis. Also, the code
assignment unit 108 reports the transmission bandwidths,
the transmission frequency bands, and the codes for the
sounding reference signals to the respective user
terminals 200.

The code management unit 110 manages the
assignment status of codes for the sounding reference
signals. In other words, the code management unit 110
manages the usage status of codes.

The transmission bandwidth control unit 112
selects a combination of bandwidths to be allocated to
the sounding reference signals based on the distribution
of path losses between the user terminals 200 and the
base station 100. The selected combination is sent to
the transmission frequency management unit 106. In this
embodiment, it 1s assumed that two combinations of



20When the number of user terminals with high path losses is large, i.e.,
when the number of user terminals with path losses greater than or equal
to a preset path loss level is greater than or equal to a predetermined
value, as exemplified in FIG. 8, a 25 celfbination of bandwidths that
enables allocation of narrow transmission bands to sounding reference
signals is selected. In FIG. 8, transmission bands corresponding to

higsareiFpb eSS Zran g 6(A SV o WitB disEPRPnalperince 0s,4i gnals.

bandwidths, a narrow transmission hand 30 with a bandwidth of BWO/

cafe aftfcaté®roB'Qser WHALDAGHQEN B6s, ket AdtBs for sounding

traperfiéasinrceand with allsandwidthugeldWaiBean behallocatebiora usdr user

with a higher,path 1gss. ,-16; The comlinetions of bandwidth
Sk IR RRLE AT B Pt RS0 iy SRR i the other
5 needed.of theN&wo theQidet ferbipal200%f Usedmbbaimebiiegs number of

degeriiedpuith IS 1RNCH #RIT R §no FRRtHSq'0isEBNa) 20q Hichwdes a.

receiving device. The receiving device includes a transmission signal. )

sequence generdfSg urf o2 ikIeEeiRE itShRatlR Theats sttt high

forghelsounggxerefeiencessighdi, froin the bagsg staticht00namissreterf user

Fourier 10 teansform (DET) unit,204 that receives an putput signai. fro

et GRS DR R AR, BERAER L P BhoaiiT o a
10 unpresaitat prtived assutdevsidnaliffomlpeDFthmit 264 aptadedioes ined

infamfion inguding anfANSFYSHoN Randwdth ang a tansgizsiGhdtion of
frequency_hand from the base station 100; and an. inverse fast Fourier

traRafae¥ '(ﬂiﬁ]%ﬂ'i{‘%s R R h'fP&?fEl!PQgr?J frdAfige Eegpsmission
Magpitutib28dund i ng Tiefisarsnaissiod Gigrs S¢guacheganaiatingy FIG.
unit 202 generates a.sounding reference signal. sequence,20 based on

202 g¢ gyrslerence slangl, saquence20 by

the l’ecelve%nc%ra('-:'sasn'cﬂﬂputs Re ngeng%'ftar né‘ Pefelehce sffn%ﬁlmh ical

15 sgq@e«mo;heubmugm 2B4are shqvm.aﬁmaﬂﬁtZQuigermmisination of
d'Sﬁﬁamﬁé?aﬁﬁwr{ﬂ&%i‘%ﬁ%'?%@ﬁldﬁf%é%’i'ﬁf 3977 SeAHSACRFAEh of

inputs the transformed signal sequence to the data _
BWo/2 can be allocated to a user with a low path loss,

and a transmission band with a bandwidth of BWy/8 can be
allocated to a user with a high path loss.

20 When the number of user terminals with high
path losses i1s large, 1.e., when the number of user
terminals with path losses greater than or equal to a
preset path loss level is greater than or equal to a
predetermined value, as exemplified 1in FIG. 8, a

25 combination of bandwidths that enables allocation of
narrow transmission bands to sounding reference signals
Is selected. In FIG. 8, transmission bands corresponding
to hierarchical levels 2 and 3 are shown. With this
combination of bandwidths, a narrow transmission band

30 with a bandwidth of BWo/4 can be allocated to a user
with a high path loss, and a narrow transmission band
with a bandwidth of BWy/8 can be allocated to a user
with a higher path loss.
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25 mapping unit 206. For example, the Dal unit 204 transforms
time-domain waveforms into frequency-domain waveforms. The
data mapping unit 206 maps the signal sequence to subcarriers based on
the transmission 30 bandwidth and thelttansmission frequency band
received from the base station 100 and inputs the mapped signal
sequence to the IFFT unit 208. For example, the data mapping unit 206

maps -17- the sigial Seaness €] Sristiiusa HEATERNSPIQrOISIUTIIF1Gs .

freguenc subcarriers discretely distributed in the system bandwidth

bae@BH tRe BERsHiSorEXATRYaH AN HRAYa et A FiefeRsy needed .
band_ 5The IFENasoit, 206neericsens ineansd rabirigotandgforth s teebodiment

siopal seauenee JPRRYH! DpspLcaLIerg apq gangmits the transformed
sighal sequence. ext, a process’in the fadié communication 10
system of this erhbediniaglis destndewlithdeferenoe lol@es. 18. receiving

526;%?%%@“%@00%9@@%%69 g Resiop onrieedoyvn kR i ssion
signal sequence generating unit 202 that receilves
information indicating a code for the sounding reference
signal from the base station 100; a discrete Fourier
transform (DFT) unit 204 that receives an output signal
from the transmission signal sequence generating unit
202; a data mapping unit 206 that receives an output
signal from the DFT unit 204 and receives information
including a transmission bandwidth and a transmission
frequency band from the base station 100; and an iInverse
fast Fourier transform (IFFT) unit 208 that receives an
output signal from the data mapping unit 206.

The transmission signal sequence generating
unit 202 generates a sounding reference signal sequence
based on the received code and i1nputs the generated
sounding reference signal sequence to the DFT unit 204.

The DFT unit 204 performs discrete Fourier
transform on the sounding reference signal sequence and
inputs the transformed signal sequence to the data
mapping unit 206. For example, the DFT unit 204
transforms time-domain waveforms into Tfrequency-domain
waveforms.

The data mapping unit 206 maps the signal
sequence to subcarriers based on the transmission
bandwidth and the transmission frequency band received
from the base station 100 and inputs the mapped signal
sequence to the IFFT unit 208.

For example, the data mapping unit 206 maps



continuously being sent from the base station 100, 15 thereby measures
the path loss between the user terminal 200 and the base station 100, and
reports the path loss measurement together with its maximum
transmission power level to the base sthtien 100 (step S1002).
Alternatively, the user terminal 200 may be configured 20 to report the
margin (difference) between the current transmission power level of the

SoRlingd pR{SICE SRk ARE thedNaXIMYTSERIYNIESN FPWELIENEYO block

the base station 100. Next,thebasestation100selectsa 25 combination of

trah SRS GanSRRANS S0 itRTRIdid e d8FQ5DESLY o hetydhuted
lospas behweersipstiser teyanoals 200 anocibedaserstatioinel O0tazthiiei ssion

maximum-transmission, power levels reported,by the respective user
e S R e T P S B B Selocts

5 combination of bEnewidihs Tor salirtdinacié_fergmfe‘@ighals EM@@thEOUFieF
d'SHMH@Fd%frPathdﬂsseiﬁétheé‘?@hﬁf[m'”@@q%%%%m%ﬁ’e'éﬁ cefp  the

(sector). For_example, when the number of user -18- terminals with high _
paffHiBsadd itedRall, ABGasctaiisi 186 selddi€ a cdhpimafiorped — signal

bagdyighrcthat enables allocation of wide transmission bands to many
sounding refererP\Fe stignals as ggg%rjsbed vivi%h r%LerenI(;e gitg Fch')m7munication
Meanwhile, when A huntber St USer terminals with hi&w path [RTES' TS

10 largysthenbac€ stition EOhssidasnitcasbidateor sbeshawitithsiaderence to
enghles ajlgcation of narrow transmission bands to many sounding
reference signals as described with reference to FIG. 8. 10 Then, the base

station 100 deteRARBs traHSBlssion BaHaNRAs for 409 respBERRUres  the

sogiiding mafesdnne sigpalseF the oser tesminaleAd baked gpithepath signal

losses petween the uger ferminals %:00 %nd thedg@se sgﬂion 100 ar}:d.t e
continu . be ro ase . sta

h
masimum ransmigsion p'or\]/\ger 1BvelS lSreporT}te ye the GSet terminals 200 100,

15 (sttbsl@pﬁ).measu refieitstep 31006 lhehdse Biakon _Itb@del@e(nin’eerm inal
trappRissian fgeepsyardsgidrodespfor H??dreF@(?GWEsSOHHQ'”Eath loss

reference signals of the user terminals 200 (step 51008). For example, the

ba¥e28utaRs Mo asRENfHes HEH mdstoBXAAWRH AARSHRSIGN Power

freqeoedy bands, angheodesjasthe sawwltrivoreference sign@dtep  S1002).

T ey o SR R 2R B0 R o5 ourec

20 25twe sepsyohalided omalrg irequenty Bxisence) between the current

transmission power level of the sounding reference

signal and the maximum transmission power level to the
base station 100.

Next, the base station 100 selects a

25 combination of transmission bandwidths TfTor sounding

reference signals based on the path losses between the

user terminals 200 and the base station 100 and the

maximum transmission power Qlevels reported by the

respective user terminals 200 (step S1004). In this step,

30 the base station 100 selects a combination of bandwidths

for sounding reference signals based on the distribution

of path losses of the user terminals 200 belonging to

its cell (sector). For example, when the number of user
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Next,the base determinedtransmission station100 reports the
bandwidths,transmission  frequency hands, and codes for the sounding
reference signals to the respective user terminals 200 (step 30 51010).
Then, the user terminals 200 send the-$8unding reference signals using
the transmission bandwidths, transmission frequency bands, and codes
reported by the -19- base station 100 (step S1012). The base

stagiaprees oIS PEha dHiAY d on Hiedesepian asialty of th%he base

sounding reference signals and allocates a transmission hand to each
daBtS ERAne LithichbeShGe & theQMMAALABRA hahtl oPfRAVU iy that
referenskesignall deddoiothe ebrreguimdingaussmiesminal 20(riep to many

81014}1O| n reli%r’ene above emEodlmenta make-it %assml%h reference
ex enswe easure propaga orgpgt condq*tlons ml efrequency

dofirf) I/(&ule'tkeeMmgrth rhasmigsein pziweerrumb&y pefunissandi@dminals
at & iign "F;\iegh-rh U faakes 'W@SSI%!?%S% effqgivelpReHOBation 100

frequency edu ng and thereby to transmit data channels using
fre§6 ﬁ&ﬁﬁandew.tﬁ@%m&a&gbuoﬁﬁsp bancrtftidis. that enables

allocation of narrow transmission bands to many sounding
reference signals as described with reference to FIG. 8.

Then, the base station 100 determines
transmission bandwidths for the respective sounding
reference signals of the user terminals 200 based on the
path losses between the user terminals 200 and the base
station 100 and the maximum transmission power levels
reported by the user terminals 200 (step S1006).

After step S1006, the base station 100
determines transmission frequency bands and codes for
the respective sounding reference signals of the user
terminals 200 (step $S1008). For example, the Dbase
station 100 determines transmission bandwidths,
transmission frequency bands, and codes for the sounding
reference signals at predetermined intervals. Also, for
example, the base station 100 assigns codes such that
the sounding reference signals of the user terminals 200
are orthogonalized on the frequency axis.

Next, the base station 100 reports the
determined transmission bandwidths, transmission
frequency bands, and codes for the sounding reference
signals to the respective user terminals 200 (step
S1010).

Then, the user terminals 200 send the sounding
reference signals using the transmission bandwidths,
transmission frequency bands, and codes reported by the
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Also, the above embodiments make it possible to efficiently allocate
transmission bands to sounding reference signals without leaving unused
frequency hands in the system bandwidth. Further, the above
embodiments 20 make it possible to retilee the subcarrHer interval for
sounding reference signals, to improve the accuracy in measuring
received channel conditions, and to prevent reduction in the number of

COfG SBAYRHEPo N N GIE PRI S @rpwings in the above 25

embodi.ments should not be construed to be limiting the present  _
invention. A perddtfskifREin & LAQRay fhiPsHERETBnS 6herlvddqie based

engrodirehets freudpa fleacripfieabitytherfvordsethespigsainigveriédference
may-also _i’;O macrll%de Vﬁﬂoug F@Sboglmgnts not_dlscloseﬂjab%}/(_at'ol'heref re

the’teehnical scope%1 %Cpresent ihvenfior Should be determined base data

onc;ingmahd/éiatbiainghﬂ tf@ﬁl@&n@ﬁitﬁh@feﬁmhﬁs ia@bbvéand of the
desqlimiiPRag -2Pe ferenAthyghie Peesept iIpyetiorisdeseingssponding

above in different embodiments, the distinctions between the
entbRIm&REHERbt 89S RERR t3d Bréknt invention, and the

embodiments mayhs Usathindixisoady 20biddombingtionakéhaughpossible
specilfic V%Iues are ysed in the above descrig#ions to fa(‘tip]tatg ot

he ., - _
understan %@%‘f‘fﬁe%re@gﬁ |lrjl\';gnti%59f?1%%a u'eosnarg?ust exarﬁgllleg%l%rc]is (in

difrcdn@nt_\fateqymlsd_cm_éajsm)i umlegd e_t_hémm_ai A@ntibhed. to@hem ission
Pressnt INVeRiy By oppitethipdhe sREG TRl disclosed pEIPOTNRNES: This

and variations and modifications may be made without depatrting from the

scdpe oftHEPredtitivenddn. ARRBEAR IehciidRal bRFkesitdrafiyareper form

userégidesetipe applacaiugany thadd abere estppdiments, thansmit data
apeﬁrgrt]%%efsma be implgmented b hatr)dvr\]/ re, sof.t)éﬁllre ar

combitiation of thamh.9 re%%npr seRtitEtnalio N aphlicatioR ' PRRdation
pripadfrarnddpaiessPatent Application No. 2007-001854 filed on

January 9, 2007 gt EoNLaN Qf WhHiBE 20-ALR ESTeRXIRCORO B s bl e

herein by reference. L ]
to efficiently allocate transmission bands to sounding

reference signals without leaving unused frequency bands
In the system bandwidth. Further, the above embodiments
make 1t possible to reduce the subcarrier interval for
sounding reference signals, to improve the accuracy in
measuring received channel conditions, and to prevent
reduction in the number of code sequences.

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
of variations of the above embodiments from the
descriptions.

In other words, the present invention may also
include various embodiments not disclosed above.
Therefore, the technical scope of the present invention
should be determined based on proper understanding of
the claims with reference to the above descriptions.
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INDUSTRIAL APPLICABILITY A base station, a user terminal,
and a transmission control method for a sounding reference 25 signal
according to embodiments of the present invention may be applied to a
radio communication system. -21- CIRM4S 1. A base station in a system
where sounding reference signals from user terminals 5 are multiplexed
using distributed FDMA in which distributed frequency blocks each

including frequengy reghdiscrtely hRtrbRRIENE BYSIeFs  described

bandwidth are ailocated o the user terminals, and . _ the_system

baRAREn KrefddEanend&Nhes LogRERendy Baid STdREkEONS between
acedrdingeinlsobibagniree stivetursdite basssiatiba confsisingthe present
atrlfslnnéénrﬁsijon bancri] id deterr%ininﬂﬂuenr% configureg eto determine

transmlssmnogdnaa\}w ths toebgq Oa ocate %O %é’respeclfﬁgdusépd tvidual Iy

terminal§ forarannadsiomof thé Boangding sefecdfoecsiyilsaseden used in
PAHESSESRARVWRRILERSET SIS Nels e PBsestaing f%gﬂﬁ@ﬂé%nd ing

the user terminals; a transmission frequency determining unit 2
coRflgut&tPtoRtiBesidtind FEGHAAQ banbe g heesorkBodding tamp i es
detanoningflficnssrissianilardvidihg as Ikeosmissiosdequernestanmeieiwise

them%%l,tnld(i)rll%ae_ference signals; and

The present invention is not limited to the
specifically disclosed embodiments, and variations and
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.

The present international application claims
priority from Japanese Patent Application No. 2007-001854
filed on January 9, 2007, the entire contents of which
are hereby iIncorporated herein by reference.

INDUSTRIAL APPLICABILITY
A base station, a user terminal, and a

transmission control method for a sounding reference
signal according to embodiments of the present invention
may be applied to a radio communication system.



atransmissionmethodreportingunit 25 configured to report the
transmission bandwidths and the transmission frequency bands to the
respective user terminals. 2. The base station as claimed in claim 1, 30
wherein the transmission bandwidth detdrmining unit is configured to
allocate the transmission bandwidths represented by Bla0/2t to the
respective user terminals, where BIVO indicates the system bandwidth
and n (n is an -22- integer greater thag Q) gpdjcates one of hierarchical
levels in the binary tree structure. The base station as claimed in claim 1
or 2, 5 wherein the user terminals are conbigured to report
maximum transnissientpeyerdeeddandin a sysednanshisson

bandwidth determil?jﬂ% JiJrr]lit isrcq_nfi uﬁ%de tosolletﬁggige H\% r%ralr}srg}g,sjlc:)eorminals
bandwidths to 10 Be anocated To tHe respective user terninals tor

5 trapgeission bt soatdiingusfnence digsiisi badertion theMéporten  which
MaXB¢PIHRARY'S SfdevelSlocks each THSARREIIBICHASquency

claimed in claim 1 or 2, 15 wherein _ _ the user terminals are }
coﬁﬁﬁlﬁ@& td ?J;%rﬂrh%?d’iﬁét%éwvé%!ﬁ%fswﬁ%n HowRr (=kEsr fhgndwidth
sour@ing Idieceaedsigoals laadusarmusi-iranarmissicimpower levels; and

the rancmission T AHRS o Be MMALEL 1 e FRSREESUIYSIETVER into
10 terfnesls enayanspassion segresdimdiraredeienod sighals Basdaigratig-tree
re%oﬁqufgpggrls between the transmission power
the base station comprising:
a transmission bandwidth determining unit
configured to determine transmission bandwidths to be
15 allocated to the respective user terminals for
transmission of the sounding reference signals based on
path losses between the user terminals and the base
station reported by the user terminals;
a transmission frequency determining unit
20 configured to allocate the frequency band segments
corresponding to the determined transmission bandwidths
as transmission frequency bands for the sounding
reference signals; and
a transmission method reporting unit
25 configured to report the transmission bandwidths and the
transmission frequency bands to the respective user
terminals.

2. The base station as claimed iIn claim 1,

30 wherein the transmission bandwidth determining unit 1is
configured to allocate the transmission bandwidths
represented by BWy/2" to the respective user terminals,
where BW, indicates the system bandwidth and n (n is an
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25 levels of the sounding reference signals and the maximum
transmission power levels. 5. The base station as claimed in any
one of claims 2 through 4, further comprising:
30atransmissionbandwidthcontrolunit-€d&figured to select one of plural
combinations of bandwidths for the sounding reference signals based on a
distribution of the path losses, the combinations of the -23-

bagdyidiesiortesq ¢t N RIGRENGSSIq i Bates one of hierarchical

correspondingiodifferentcombinationsofthe hierarchical levels, wherein the
trah&¥Rbont PaddiFidt AAEYMENRES ShEYSCEiRyured to determine the

transmission bandwidths to be allocated to the respective user terminals

for ransmission.of g soypding referencs sianalygseePy ecklided or 2,
one of the combinations of the bandwidths.
wherein

the user terminals are configured to report
maximum transmission power levels; and

the transmission bandwidth determining unit is
configured to determine the transmission bandwidths to
be allocated to the respective user terminals for
transmission of the sounding reference signals based on
the reported maximum transmission power levels.

4. The base station as claimed in claim 1 or 2,
wherein

the user terminals are configured to report
margins between transmission power levels of the
sounding reference signals and maximum transmission
power levels; and

the transmission bandwidth determining unit is
configured to determine the transmission bandwidths to
be allocated to the respective user terminals for
transmission of the sounding reference signals based on
the reported margins between the transmission power
levels of the sounding reference signals and the maximum
transmission power levels.

5. The base station as claimed in any one of
claims 2 through 4, further comprising:

a transmission bandwidth control unit
configured to select one of plural combinations of
bandwidths for the sounding reference signals based on a
distribution of the path losses, the combinations of the
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6. The base station as claimed in claim wherein the transmission
bandwidth control unit is configured to select a combination of bandwidths
that 15 ensiles allocation of wide transmission bands for the sounding
reference signals when a number of th@3tser terminals with path losses
greater than or equal to a preset path loss level is less than a
predetermined value; and 20to select a combination of bandwidths that

enpliGsRIRGRAAN Of ARYFoW rapgmission ban§h arrowveirdipsibe Widejgnals

transmission bands for the soundiqg reference signals_ when a number of
theCQERERANRAM With pAf losSEETdiRER than 6PERIARE I SresePds  the
pathilesa il tsedredteydlan or equal to the predetermined value.

7. A user terminal in a system where a soundin re[i\?)?rﬁn e.signal from the .
(et 30 terminat 1 G vo e ST LN T BAE € ear ining

d@sw?tited fi@queﬁ@ﬁﬁﬁk Wl@cgudiﬂg)freqi@hey fBilbearridi’GjSs_ciét@Ilysm ission
disyinaGa AsSYsted bardwidiyisalpeaied ¢p thehger tppapabtdde  user

the system bandwidth is repeatedly halved into frequency hand segments

actS YR LS binky-trder @niidieS kaRsnfidsiohBandintindd e ~ reference
alledajed IsSieegedrmenal ke lecsaissivreobtietoendingbgfeaeiens of
sigpﬁ%is der'%%W}ia% gased on a path ioss between the user terminal and

a base station reported by the user terminal, and
oneofthefrequencyhandsegments

6. The base station as claimed in claim 5,
wherein the transmission bandwidth control unit 1is
configured

to select a combination of bandwidths that
enables allocation of wide transmission bands for the
sounding reference signals when a number of the user
terminals with path losses greater than or equal to a
preset path loss level 1s less than a predetermined
value; and

to select a combination of bandwidths that
enables allocation of narrow transmission bands narrower
than the wide transmission bands for the sounding
reference signals when a number of the user terminals
with path losses greater than or equal to the preset
path loss level 1iIs greater than or equal to the
predetermined value.

7. A user terminal in a system where

a sounding reference signal from the user
terminal is multiplexed using distributed FDMA in which
a distributed frequency block including frequency
subcarriers discretely distributed In a system bandwidth
iIs allocated to the user terminal,
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10 corresponding to the determined transmission bandwidth is allocated
as a transmission frequency hand for the sounding reference signal, the
user terminal comprising: a data mapping unit configured to map a 15
sounding reference signal sequence te2¢ibcaxriers based on the
transmission bandwidth and the transmission frequency band reported by
the base station_ 8. A method of controlling transmission of 20

sounding referenggesighals dmaSYRGNI WA Sis repeBes@PdiRglved into

reference signals from user terminals are multiplexed using distributed
FOMAEMGARH diSABHtedTRANRAEY biRKS LA MLIudiRy frRquedspry-tree
subdatrtiemsudiegretely distributed in a system 25 bandwidth are allocated

to the user termlgalgtraa{]r(?sdnissiotrqe %/asﬁ%fnp dw%gh 'Sogatep%alt?glcv,{;lted to
halved into frequency hand segments according to a binary-tree Structure,
thethethatbesmplising i 8ed redeptiontran shissehiny nebsutdreentsafnding

PajrplpapehbeiwegyHIgIusGSerainaly ARAl &PasR SBUOIHOMING WSS 1oss

terminals; a transmission bandwidth determining step of determining
traRSRIGSSh BASIWIEEE S DERRAANE tRe REGRcBIGEIONCRRIFRItED by
forgransnysston of thensdundinmgireference signals based on the

rsrggssol;rements oof r'%rée patg.#osse%'h%a traq_spg}iaaigpl Cftlg?querirg:é(ndoetermisné\n ents
corresponding to the determined transmission bandwidth
iIs allocated as a transmission frequency band for the
sounding reference signal,
the user terminal comprising:
a data mapping unit configured to map a
sounding reference signal sequence to subcarriers based
on the transmission bandwidth and the transmission

frequency band reported by the base station.

8. A method of controlling transmission of
sounding reference signals In a system where

the sounding reference signals from user
terminals are multiplexed using distributed FDMA 1n
which distributed frequency blocks each 1i1ncluding
frequency subcarriers discretely distributed in a system
bandwidth are allocated to the user terminals, and

the system bandwidth is repeatedly halved into
frequency band segments according to a binary-tree
structure,

the method comprising:

a reception step of receiving measurements of
path losses between the user terminals and a base
station from the user terminals;

a transmission bandwidth determining step of



allocating the frequency band segments corresponding to the determined
transmission bandwidths as transmission frequency bands for the

sounding reference signals; and a transmission method reporting step of

10 reporting the transmission bandwidtds-and the transmission frequency
bands to the respective user terminals. ABSTRACT METHOD

FOR CONTROLLING TRANSMISSION OF SIGNAL FOR MEASURING
QUAIZ YRR RASESEATIANSYSERARAMINGs AN RECERTMNted to

CHANNEL _A disclosed base station is used in a radio

coMunicaBBs ST WRGE sdsHiy AksredQY sidHaAORBASERGn of the

tergunald g Modifdaxatodsing distiibsitashise i Aon Witieh distaibuteshments of

fre Hl;%n?/ Q;IRCli%E%%hS Including frequency subcarriers discretely

distibut8d In'a systent Bandwidth are allocated to the user terminals, and

5 the system, ban@widifids ssisaddlp hdivedireodequigkyiiahdisigmetep of
aceqr iR N EHRISy Tha RaSSaiglien e udsPi@sponding to

transmission bandwidth determining unit for determining transmission _ = _
babBRidet6 TRLIRatdd B Rl paktivE 3 kititaisas, transmission
trafgesipseorcyf tharsgsnding refesescripigdialg hasedienperinddggesls; and
between the user terr{linals and the base stz;}:'on a transmission
a. L eransmission.  metho reportin step of

frequency determining unit for-allocating the frequency'band segments

10 corepsoiridimgto th&hetermiansarissission bahanwtiislibgansrairdion the
fregyaRemidiRior the-serndieg refsranss Sigp!siped 2 LsoissoB  user
method reporting unit for reporting the transmission bandwidths and the
trah§ i5H ffequency bands to the respective user terminals. FIG. 6
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ABSTRACT
METHOD FOR CONTROLLING TRANSMISSION OF SIGNAL
FOR MEASURING QUALITY OF BASE STATION, USER TERMINAL,
AND RECEPTION CHANNEL

A disclosed base station is used iIn a radio
communication system where sounding reference signals
from user terminals are multiplexed using distributed
FDMA in which distributed frequency blocks each
including frequency subcarriers discretely distributed
in a system bandwidth are allocated to the user
terminals, and the system bandwidth is repeatedly halved
into frequency band segments according to a binary-tree
structure. The base station includes a transmission
bandwidth determining unit for determining transmission
bandwidths to be allocated to the respective user
terminals for transmission of the sounding reference
signals based on path losses between the user terminals
and the base station; a transmission frequency
determining unit Tfor allocating the frequency band
segments corresponding to the determined transmission
bandwidths as transmission frequency bands for the
sounding reference signals; and a transmission method
reporting unit for reporting the transmission bandwidths
and the transmission frequency bands to the respective
user terminals.

FIG. 6



