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-1- DESCRIPTION N[ HOD FOR CONTROLLING TRANSMISSION OF
SIGNAL FOR MEASURING QUALITY OF BASE STATION, USER
TERMINAL, AND RECEPTION SIGNAL 5 TECHNICAL FI E LD The
present invention generally relates to al+ong Term Evolution (LTE)
system. More particularly, the present invention relates to a base station,
a user 10 terminal, and a transmission control method for a sounding
reference signal. BACKGROUND ARERSHMEEERSOr cCommunication
method to W'-CDMA and 1.5 HSDPA, i.e., Long Term Evolution (LTE)

(also called EvoletiOPRAQUM WBQLCJT %e?géﬁ{siy !:§§é9h1y l9é:|ng'S IGNAL
diseorselENSRRRRGhapisa Brandadiza@Egream for oW ,CRMARIN TERMINAL ,

3G,EI\PD CEEP@BIP?HKFWéLdiViSion multiplexing (OF DM) has been

proposed asa downli radio access method and single-carrier

frequency division multiple access (SC-FDMA) has been proposed as an
uplipicragie accespapgthod (see, for example, 3GPP TR 25.814 (V7.0.0),
"Physical Tayer Aspects for Evolved UTRA," June 2006) 25 In OEDM, a
frequency band S ¥vilERRE InAHEREABNeOrEIt bhatgd ates to a
(subsagiersranddathu tioiia@mEyd oyshersubrarierpdiheistbobarieys the

are, densely arangedalond (e freduency axis suchdfial ey, parl o er
onrTap €ac otherbut 4o hot -inter ere WI_R edth 30%ther This appgroach
endbles higrk speahtlansmistivarsil #ap@ves deatiendy effieitheg. Infor a
S%Egm’rﬂgfr?%ﬁifé(rﬁ?é‘dsiﬁgﬁ%‘ﬁ‘i?d 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- bands are allocated to different terminals for 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 possible to reduceZsower consumption of terminals
and to achieve wide coverage. In a frequency scheduling method that
employs propagation path fluctuations in the frequency domain caused

by hrequency gplectivg jadipdeédfa argol-0 UARPRUTteR HSINGeAHSIYs  for

bands with good reception conditions and therefore user terminals are
red/RARN S SARE widdbhhd FRPERSN tdkRasFEnRRABSARERIVEQ. reduce
chamel nbaliynEer eempissnn B apink, KissMisBObFBNAs areduces

allocated fo data cpanplels {:akir}%15 Into account the fregue cy selectivity
varia 'OH of , the rarl1 m|§S|on D r_an efore ‘makes
of recelived Channelsand each userterminal Is requested tO0 send a

S widdbapagsiive $igntbcatieducsormile) retorrpdapdigoa (SRyegminals and
MEASULRH i%@,gp%@cgg@g%@pel quality. 20 However, when a UE

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

reference signall therdRILEBRpoRePRAMIIRY THeEGE, Hhat employs
regeisshigedoef theatdundingceiesariesnsignphat tthe bfeesfatiaey domain
becomes jpw i thegecuracyly 25mgasyingdhe pegysdchangel s 5
quaﬂy 1S Feduced. In &' metho Bfopose 0 cope with s pl%blem, e

10 trafsmissivnti@stvicii iy erssiueihmyreferate sigitdl isgargtivegception
adiUSHRAIGILING 10 e dIPERGPe 165 PRIB IS RPLVERLINPIG S8 ed to

the base station. 30 Meanwhile, the following two methods for multiplexing

sodfdifly rexeiRRBdighABNANP difSlenitishdRFRRY eV JeefT Trecelved-
prafisedel quality. For example, in E-UTRA uplink,

transmission bands are allocated to data channels taking

15 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.

20 However, when a UE located away from the base
station iIs 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

25 measuring the received channel quality is 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.

30 Meanwhile, the following two methods for 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
FDNNA 5 (FIG. 2). In both methods, s8unding reference signals with the
same bandwidths are multiplexed by CDMA. DISCLOSURE OF
INVENTION 1.0 PROBLEMS TO BE SOLVED BY THE INVENTION
Hopyepgr, thg above background art technologies have problems as
described bélow. For example, after transmission bands are allocated to
some narrowbarid $6tHEIRY F’éfér’éﬂc@%ﬂn%% WIEHEs oRL BELY jireference
besdyra Inpassible lasdadied tiarnsmigsionpandyo Ieaamwﬂmgws and the
reference sdgnaI.W|th 7 dlﬁerent ba vwdtpe % 3 sShows an exa T I 4 EDMA
where l1‘Pequency U2 ndftower than' sys &M bandwidth are Alldéated

5 as @lahsmiglon bands for sounding reference 20 signals. In FIG. 3, itis
assumed that ong IO Af U eslee Dasguift ity PeAUPEREE 1osignals

each of UEI and UE2 and one half of the system bandwidth is to be
all¥dkBd W?JE%aﬁ?trgﬁﬁﬂﬂé%ﬁ%rﬁl@oW%M&*@%r@ﬂc@gﬁﬁals in

this case, if transmission bands 25 that are apart from each other by one

ir:ag Péaeog)@i%mopariwgﬁ&q@ _Iallocated to UEI and UE2 respectively,

a half-system transmission band to
10 UEROBLEESedtGhBEroblevi it i8 hetEEsdENIU Pitrease the

subcarrier intervgl,{pe s@yding LeTRIRAGE HﬁER‘éﬁ rBasHoUP " EerthdiBgies
subcarrier interval increases as the number of ditfferent bandwidths to be
have problems as described below.

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 1s 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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multiplexed increases. -4- However, increasing the subcarrier interval
decreases transmission power density per unit bandwidth and decreases
power density of a received signal at the base station, thus r_educ.nq the
accuracy i_n measuring 5 received chahnel conditions. Also, increasing
the subcarr_i_er nterval decreases the number of code sequences used
to multiply and thereby to separate so-uand-ing reference signals to be

sent by users. Ogg RRjRG Of the,Bresesl HyentAR Is POM&?" interval

reduce one or more of the above problems and to provide a base station, _

a HerFIaaRRS, PRSPASSHIRBioR Q¥R Kol FRERAEYorRE Uty bandwidth
refarehcdesigaaldbat poke it pdssibietly afffcientlyeatlogaiedtraignistioat the
baR%%i%for 2 ur)tler(I)% refetr (e Sli'%%sc’:'ier M AeNSachﬁrSa%LV”i\lrg Tml_éEasurin
P CEMS AR aspect o Yhe present invention provides a Yast station J
us&e red egste maliasrasbundioy eaf€iamts - sighelsfrom useckeamidlg the
ares MstipleRdrusing3Q dipyiputesi PMA inswhigh distrifytadhirequspcy code

blocks each including fresélﬂaency subcarriers discretely distributed in a

sySERFEAERdtH SehIIckAted bl hEPd¥er RAtinald e @Ke sYeterseparate
bagdwitih sy epefiteciin dalveigntolisequensy haamdtsagynets ascording

to a 26 binary-tre, sirugiye; e gse gigtionncludes 2 FANSISIAN s 1o
bandwidth determining Lt configured 1o detBimine Hransmission
basdlideho1 edimaten® e repecidke dse taboivialsroblems and to

tragpERipn 0fdhe ;soupding fefgriice sigpals paspd ORAHG ISFES and  a
between 30 the user terminals and the base station reported by the” user

terhfiRAIS™ GaASMis SO FEQlentiptibRemifiny @ sounding reference

signal that make it possible to efficiently allocate
transmission bands for sounding reference signals.

MEANS FOR SOLVING THE PROBLEMS
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 1i1nto 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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unit configured to allocate the frequency band segments corresponding to
the determined transmission bandwidths -5- as transmission frequency
bands for the sounding reference signals and a transmission method
reporting unit conf;:_qured to report thetransmission bandwidths and the
transmi_ssi_on frequency bands to the respective 5 user terminals. In a
system where sounding reference signals r_o be transmitted from user_

tergunalsepeganfisBised ssdrudntputeg A inpyhich gigd "_soundiing
:_buted frequency _blocks each mcludmg frequency subcarriers discretely

10'fFkAKGRESN £ L9aRAPhardMiutRark ABEAEETE e TEENREmiRgROY ting
thesaliave conffdaiien makes He postibleriteallecaia dreps oy barandwidths
segments,obtajned by repeatedly halving the system bgndwjdth .
oA A S SR E R A TN B snastive
forube sotigarintpdserence signals. Another aspect of the present

invention providgs aélsg)}gggmmmpé’n %ébﬁﬂ&i‘hghq%ﬁeF@HE@n%ignals

reference signal from the user terminal is multiplexed using distributed_
FOWA Révh 56 HikROutdd RBgUERBY bISS MERRIR) iRyl tiplexed
subesirigrs diestatelydisidbutetn aisystamilanddiptt i lalleetiedfipdheency
userterminal, the system bandwidth is repeatedly halved into frequenc
o R B e e R B BB e Be I Dareteny
baddwitei bvkedlidoaterl toystaser bevngwdidth -anemiakiocatefithgéo the

soydipg refelpngRgIEal is (iriermipel Basedpird ParhleRs REMRSRes it

the user_r_ermi_nal and a base station reported by the user_ terminal,

anBePeiditRe FRqadlQasdt JRAMRERY BN dspeadieAd T fetained by
detespéacbtidysmisdoi hgnamdthsystem bandwidth according to a

binary-tree structure as transmission frequency bands
for the sounding reference signals.

Another aspect of the present invention
provides a user terminal used In a system where a
sounding reference signal from the user terminal 1s
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, 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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is allocated as a transmission frequency band for the sounding reference
signal. The user terminal includes a data mapping unit confi_qured to
map a sound,:_ng reference -6- s:_gnal sequence to subcarr;._ers based
on the transmission ansmissi_on bandwidth and the transmission
frequency band reported by the base station. In a system where sounding
reference signals 5t_o be transmitted from user_t_ermi_nal_s are

ultis phyexed Sezine AisiRied iEMA M whehghisbd_onP4iRE TEANRBM ssion
blocks each mcludllgqsg frequency subcarriers discretely distributed in a
e

sySeRPdcAdtAle Aiatblan e SREPterhRIUEAEWHERNHe reported

systemebendyeigth ist@uppratedly halved into frequency band segments
according to a birrllarygtree st r UCtLtl}Jar e, the %t()]ave copfe-%uraer at i_on

. . system where '’ soundin Aace nals
makes it possible to trans%lt a sounding refserence s%nal using one oﬁﬁg

freigeneg bztrf@@@gtﬁﬂ%_s ﬁrMnmgﬁorﬁewﬂm&%aa@elmMﬁpl exed
aspeG R thg rEesaB iR tigbpRovigles dmitthodaSeriBlited  frequency

Transmission of sounding reference signals in a system where the

sotl@RkFer&dRbBe dgRANIERY usEF SOMGRLY o RGAfIAREPusHpcretely

distristed HOMA. i whigh shatileuted 20 drepoencydriecks Hbsbanedding the
frequency subcarrierg discretely distributed.in a system bandwidth are .
A QLTI I SmiilS Wb SysHS bandailis rEALuARLD
haKegeatbectouchal vadd isdgpndite avenaindrandbinagresds according

SIryefure, Thiy hat{IeHped INA4GR5A (REEPLORIREP QbERFE_¥BRFiguration

measurements of path losses between the user terminals and a base

stdidkGRom e uBESRIR RIS, & trahERiSHdt baRdwiRiHAE & hinikg Terence
stepigfrdelernging one of the frequency band segments as a

transmission frequency band.

Another aspect 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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transmission bandwidths to be allocated to the 30 respective user
terminals or transmission Of the sounding reference signals based on the
measurements of the path losses; a transmission frequency determining
step of al.locar_;:_nq the frequency bard segments -7- corresponding to
the determined transmission bandwidths as transmission frequency
bands for the sounding reference signals; and a transmission method

rERSIML BN AN FRPOELNGA NS tabEBYNPRAAIUALIFRIETES Sbandwidths

transmission frequency bands to the respective user terminals. In a

sy&em IHABSBERGHgTefeldRUSEHIYs (PBBYRinsifREd fibRfusepouUnding
termifals @ne eultiigasdd usiagdlisiribtieshishiésihorhickedistitbutedporting
frequency 10 blocks each including frequency subcarriers discretel
o AR PR S APRSRES ROERAR, ang the
ab&veosnfiasaton nEkeguepoysibkandsiocte friétigendjaspective user
seg@entS@tained by repeatedly halving the system bandwidth

according to a 1.5 binary-tree structure as transmission frequency bands

for the sounding ¥Bfefen&Y SiERAIs "ABUVRNFRHEHDE EFeERTedger i gnals
INYBN DO NtAsnesis eftibe prasent ingentiortpiavidend s204nase sialiedpd exed
user_termingj. and a trgnsmissiqn, control method for a.soundi

o AR R A T RS RSO frequency
bahdodkBsoaading iefelsidenggnfilceaBMRIEFDIBSESRIMTIGN OFstHEtely

DRAWINGE A& | P YaupgdisiaiRg# TaRinoa PE MINYRIEEREd to the

sounding reference signals with different bandwidths; FIG. 2 is a drawing )

illudB8ting Feypdnals, 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



30 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 -8- al:_gnals; FIG. 4 is a
drawing used to describe another protdlem in allocating transmission
bands for sounding reference signals; 5 FIG. 5 is a partial block diagram
illustrating a base station according to an embodiment of the present
invgpgg@t;.@gs. 6 is a drawing illustrating a method of all_ocati_ng
transmission bands for sounding reference 10 signals according to an
embodiment of thd Gresnt! fiventdhar kB 9s 4s6fet@aflffilthan e ther
mesired dbeallodating Irkosariskien benda darisaingding befeiencésignsisunding
ac%orggllgetrcl)caen erpbﬁdii‘nse_nt of the 1.5 presentinvention; FIG. 8 is
another drawmgﬁ‘lugtrgtlng’a method of allocating transmission bands for

5 sounding refereh&é signaksactopiinid iadn khaekirddagifane idésgtirating

invgnHae? Bl ibis 2PURGIAEK oM disHaTRe rit VSR tBHBINGlesent
according to an embodiment of the” present invention; and FIG. 10 is a
floNBM&H EABWing a process in a radio cormnunication system according

to an embodimeRy af. 2.6 thig prasentanvangon. IXISEANATHIN &Fmethod of
REFFI%%Q% Fns 109r[§lr?§msl%t§0ino%oz t‘)l'é%réssmis%igp b%”é’lm tPn reference
defaermlnlng LN d

10 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

15 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;

20 FIG. 9 1s a partial block diagram i1llustrating
a user terminal according to an embodiment of the
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 OF REFERENCES
100 Base station
102 Transmission bandwidth determining unit

30 104  Transmission frequency determining unit
106 Transmission frequency management unit
108 Code assignment unit
110 Code management unit



30 104 Transmission frequency determining unit 106 Transmission
frequency management unit 108 Code assignment unit 1"10 Code
management unit Q_ 1"12 Transmission bandwidth control unit 200 User
terminal 202 Transmission signal sequ@nce generating unit 204 Discrete
Fourier transform (DF'T) unit 5 206 Data mapping unit 208 Inverse fast
Fourier transform (IFFT) unit BEST MODE FOR CARRYING OUT THE
INVENTIQN Preferachempadiaents ah iri ereseebhiyesiionniq are

described below with reference to the accompanying drawings.
ThroughotiPthe allSeipd A Balvings, the same reference numbers
are used fypartsthavingntiresseone Jageliohssegdenedappingrating unit
descriptiogé sz th(bsle S%arést elSIg;\re |9fnei}’t69:'r'g ja iQ Iprﬁngggw;lsatlij%r} iystem
accordingto an embodimerit o the present invention is described below.
5 The radioZ¥nmubBrEaomapséngofnistembodiment is based on Long

Term Evojufion (LFRV4HSE T eaef FYgled ARG UTRANPTuni ¢
Super 3U) As described above, OFDM is used as the downlink radio
access method and SC-FDMA is used as the uplink radio access method.
In SFEDM V@ hEqFeRC\CoRRYIBNGivizler imHEMuNpENTaioaw frequency
bands 25 (subcagiiere) ppd fafa aicffansmited pniie. Spcatiers: iy eneion
SC-F)MA, a frequency band divi eqdlnto narrower requgncysoands and

10 thewarraiesdradedcpdbods wiethllorgbe te nifterdm tekhenaiciopmpany ing
traam Thus, SC FDMA makes it possible to reduce

Throughout the accompanying drawings, the same
reference numbers are used for parts having the same
functions, and overlapping descriptions of those parts

15 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

20 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

25 (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

30 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
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30 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 -10- device. The transmitting device includes a
transmission bandwidth determining uh®402 that receives path loss
measurements and maximum transmission power levels from user
terminals 200; a transmission -requ.len-y determining 5 unit 104 that

reGRINARCRN Ottt 928 SR Fin (2RBURSION RAOPUERIE deteppidthission
unit 102; a transmission frequency management unit 106 connected to

thPRANAREoN ALEERANAER mAMY uhiA 032 oS e8ERmeRAtht T0SS

10pd¢baiueenigatan autpuhaigiauiront A&rike irvesorsspwisequbsegls from
defprminina i 10¢<a 5ade magaaement LG eonneaied (O dee ryinin

CO(liIe assignmenp uni ; anga ransm|SS|on%andW|(fI]H conP(oI uni Z{f&l 9
cobnddied i®the tEsissiosdbvid®idtatete?bitimod uni 190 khe from  the

UrapFANRSITSEGAHENCY UBARRBIRTIAN Ui ARA ity the eRfP.  102;  a

management unit 110. In this embodiment, sounding reference signals to

be HARATMST A8 JEEPEIRTIRYs BRNARAT N lexel 1dsidPBistrplgted to
FDivive Wwhesen disirdxiiech frfqeeneynblpckieeasmineiuginauirdauenoy ; a code
subcariers disqrelaly 20 disiribgied in e sysiem bandyidh, re ajoeatsd ¢ o,
to fhie” LB EminAlS! The transmission bandwidth dqetermlﬁng Rt
deEminesansishsisdion bAnewidenciyr detivting mefgenteidigddld to Be code

rapsmRhidh e HRG2° 19inabhAle i trapsmipriondadwidiasiighnent
the sgundlng reference signals are determined, for example, based on

th'Hibtant 08 beftnand hassekash @b Aandwidth control unit 112

connected to the transmission bandwidth determining unit
102, the transmission frequency management unit 106, and
the code management unit 110.

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
distributed iIn 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
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
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



10

15

20

25

30

the respective user terminals 200. For_ example, the t_ r_ansmissi_on
bandwidth 30 determining unit 102 allocates wide transmission
bandwidths to users located near the base station 100, and allocates
narrower transmission bandwidths to uérs other than those located near
the base station 100. More -11- specifically, the transmission bandwidth
determining unit 102 determines the transmission bandwidths for the

souning f4ieHANGF, Signde bagghAB PRELIRSHES BAYVEAK IARNMURk termining

transmission power levels reported by the user 5_terminals 200. When a
usé‘ﬂbﬁn%%?%é%?%ﬁﬁ%‘é‘%uﬂ&?ﬁg ¥é’1%'?ér%’e’5§igﬁél U iddhs Tor the
tragemigsiongbanetfthes maesny igsiadis phwesepkr onit partdwidibdiseomesd/or
low, Asaurn(]es_l%tr the re.cegiign level of theI souridinq,refereggg 1% signﬁl at

themgé(s'ert]statlon o5 Bacshes 1w And thee\rﬁ%agureﬁ%cr)lraccura%/ ist € user
redied i fale b3e® station 100 is configured to select user terminals

whose soundingyfRigrence $igas FeFRGeNed BDIORFREEPUON sounding

levels, only a limited number of user terminals can 15 transmit sounding
reféﬁéﬁé%?&%ls%@ﬁ&‘\hidé*%kﬂ%m%si&\ﬂ HEndLreaSiRkS2EeEN, Bnd,  the
base statiohSIdPor lopswasergeiminals tvithegrdiaidansnissoneowRoip. As a

sepd g sounding relerenge signajs sLyide jlenals Ko & Qe reference
frequency domaln, €., using wiae transmission bands. e tran ISSION
basd@lrH deddrmibiig uhiase?2 stahaws a HeBsniission@swdrasveland the

NeRRERAN Eh ATRISYE AIPARIG R R CHJBERIHPN qupliphasedan 3 Paion 100

loss reported by each -user terminal, and determines 2.5 whether the

diftfenceBERIEEE the xR GansHR oA &IdleIad vl Wh@gR Sounding
esypftacktinrsmisiigndbyer iavel received with good reception

levels, only a limited number of user terminals can
transmit sounding reference signals using wide
transmission bands.

For this reason, the base station 100 allows
user terminals with extra transmission power to send the
sounding reference signals at wide 1iIntervals 1iIn 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 BWo/2" (where BWy
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is greater than or equal to a predetermined threshold. If the difference is
greater than or equal to the threshold, the transmission bandwidth
determining unit 30 102 determines a transmission bandwidth for the
sounding reference signal of the user-fe?minal. For example, the
transmission bandwidth determining unit 102 allocates a ransmi_ss:_on
bandwidt_'h represented by BWn/2' (where BWO -12- indicates a system

bapdyifth#ad "Mandiepisean INgABNIGRET BRY 0)--dhe UgiRmigsleBs  an
frequency determining Unit_ 104 _determines transmission frequency

bafBLrsigke B SaHdind eRrdhke signals based, for example, on the
transmission bamidtigrdetsmiieiidey thErteansenissiondeardwiditiing unit
de ini nit 102, For example; the transmission frequenc

ot LTI e Hae 3 9o S hialiGhey BANES ofRE  The
sosading Felerened aresighals bgnefbaingasadieqliioncy ®sadle, on the

locgdnem i3ty eI RAVIdRAL ARRRISPIRRERAUBHLY fiRNagPAREhi ssion

unit 106 described later. In_the base station 100 of this embodiment,

traRSmisisHbanddeke HidEkBg to Bthbing18fkerencECls sigaERkg.  the
differemeainciuidihs detetumed\by deatrandmibsipn badtwidtv determines

determining unit 102 according to an allocation method similat to

ot b B Vandge SR SRR TSRy reference
appiginh I makey it pedsinie koeffidientipaliftaguemeynistion@o bdddgcation
10 sQUAKIRT [RIBRGE P NI REC NPahURtSas disarpaeBARds Idhggement

system. bandwidth are reduced. This approach also makes it possible to
reditbthd 08, tesGdriReA #38edounding reference signals, to improve
the accuracy in meastiheg eesdved ebaringl 2.500nd € i_enssandiidodiment,

F“%#%Eg%%§£?8#1 gﬁ]gmgpgfallocated to sounding reference
signals with different bandwidths determined by the
transmission bandwidth determining unit 102 according to
an allocation method similar to orthogonal variable
spreading factor code (OVSF) allocation. This approach
makes 1t possible to efficiently allocate transmission
bands to sounding reference signals such that unused
frequency bands in the system bandwidth are reduced.
This approach also makes 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 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



code sequences used to multiply and thereby to separate so-uand-ing
reference signals to be sent by users. For example, as shown in FIG. 6,
the system bandwidth (B'WO) is divided into multiple frequency band 30
segments using a tree structure. In thisl&ample, based on a binary tree
structure, the system bandwidth is divided into two frequency band
segments and at least one of the two frequency band segments :_s

TUrRY i &gt RS -IHRIWO 1 1R BRPIAOTHBIdEah PNY OAERCTLNEIT OF each

frequency band segments is further divided into _two and this step is

reftal&d. o aTHRAY &rReY e RaN o8 HBRHE $ndst tWl ERIREN. dm{é ded into
means thaidf atifbikegieapy ti@wdm@@aeuﬁel arelrrep@atedymdmdedne@ each
two U t|| he hierarchical level in nary tree _steucture reach (n

moPca €s liaﬂln int eg%er greaFerft\Han Bﬁ ieqaslr&/gs?em @n&wﬂt‘ﬁ %ﬁa’% it all

5 divfdeninendieqancy iregnestkseras aithepeaihudih dinwd/ad Thato two
104weiaer othisrarelyed!deveis ehgithe 08 Pf then SURHRSS CRRBRry  tree

increased first. In the example shown in_FIG. 6, the number of

hiePAicHich feRel§ %?&i@%ﬁ “Sbtrdedis HCaEeR st 2Fhe RAGEsi@ eater
freghancy d3ternihe;:_sysainlsQddlpaaies (@wgpissien figivéded into

banpds corres ntgllnrtl;j8 to the same hlerqtrchlcal Iev%J oféq:%bln ryFWegzn he
P -

StrUCtu% leo i sounding rglnérence signals Of user %rmlnals t
10 alloesnbe the edmdi@ardwidtniioadhe tevehsssiol bamtitiidgh dew&mrmﬁ the

ung 19¢r-EeseNPIse2ihasshewn i Fie- 6. 1he HiRPsBISHile shown in

frequency determining unit 104 allocates a transmission frequenc band

cofrd&ponfing W e HigiRfdhi@ficidierarenisalerhfie b T the left
allecaiegadrainswidib rad B3N a/ By the. transmission bandwidth

deuwnﬂmnqunn%ﬁg. transmission frequency determining unit

15 104 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,

20 as shown i1n FIG. 6, the transmission frequency
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.

25 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 fTirst.

30 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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25 FIG. 6 is 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. 30 The user teiilinal 200 transmits the sounding
reference signal using the allocated transmission frequency band. The
base station 100 performs frequency scheduling based on the reception

qQUAYOF SARJIRG ylh I8TeLghge SIPNSALl, 0Gat PR SEFBISSIENd  to
band to each data Channel within the range of the transmission

fre§BERcy Ik oF BN 8sUhdirbtRIEe e sigISenCFohRe transmission
cofespprshiny useateimio®l. thbe tanamdi$sign frecfiansyceangdegmaidt sent
uni{: %88 mapages. },heesalcl)onc&liion slt%t%% o;:fr(";%uen bands allocated by

the transmlssionc%requel%cy depgmlnlng unit' 104 For example, the
transmission fredirencyiraasagsadanuifiregeesssiveisaageib@ntiodnft 106

bafﬂ%‘("{%(%ﬁor 01510 SO PhENCeSi¢Rls ToP herFapRIsslP" bands

bandw control unit 112. The transmission frequency management unit  _
108 HacakrdnbutbRt LR taBtAndThss e te ASERIRINING unit
compunatien pf seaugnby batde. Theaensieiassignmefitaitelil®y management
determjne des_ 15 for the sounding.reference signals. For.e le
thetblie 480rt 8% Ui 108 2SR B cR thab BT LBl Tor the
refemee Wignalsict Teeereminals ko adithogditadined dihthe fr&gaasiyi ssion

axiSaARRT HECOSENAFVINMRIN-£NH 198 reposts S FaRFBSFOR Frequency

bandwidt_'ehs, 2.0 the transmission frequency bands, and the codes for

thé"30BAGME Hrerede difRaBb AR BB I T rRRES 260 as and
code aranagemeant upgdd Puyeanagesotheation 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
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assignment status of codes for t_'he so-uand-ing reference 25 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 allocatéd to the sounding reference
signals based on the distribution 30 of path losses between the user
terminals 200 and the base station 100. The selected combination is sent

10 Hhe HANPIRS IO PEGH a@@a%mewbﬁ%%] In-8¥e iReediBeghal s .

it is assumed that two combinations of -15- bandwidihs_are provided for )
sof§in@ ferdrBRce¥gnAOMBH tRE 8vPdoriARS i ahBRigRRUNd INg

forisofadmngcecferinpesdgnals ss usebwhenibe nuoher aiwsber of user

terminals with high path, lesses is all, and the.other 5 gne of the t
AT S R e P L e T vt B, other

loszae isqtrgbhe\/hmqh@ﬁmb]b@aﬁim té@imgd«itwhwh bhaeh lossder of
is graalh I EeriitR e MHPReHgIsas dlERM NG wih pathy !9?05%5. greater

than or equal to a 1.0 preset path loss level is less than a predetermined

value, as exempfigdin €. NdanReibirfio!'se barkfvitihaal s efiaibfas high
allpeetion abwisikesraismission Ibands. _soundiag retérencawityeats isf user
selpgied: INFIC. ffpnsmissiop ansmiss) on ands couesnend gy ¢, 4
hi_erarcFcha 5 [EVeld 1qﬁrough% Are shown With this aombination of
bandwiiets, patde trbasmisdien®hndiwith Eelsenditirin of aB 1predek@rmined
beplipgated tg@ usBiBN G 1qBRatsSE ARd @ transgissigtpanthiBn  of
a bandwidth of BWo/8 can be allocated to a user with a high path loss. 20

wiRgh gt hserg1dtesRrnteR wild ARRTAAN 19 Todddss Brgaspission
whearttle nusbhes ohd$eig tarafeate ndd psilgfeskss pseatel thapeel equal FIG.

toa, transmission bands corresponding to hierarchical
levels 1 through 3 are shown. With this combination of
bandwidths, a wide transmission band with a bandwidth of
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.

When the number of user terminals with high
path losses i1s large, i1.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
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
with a bandwidth of BWy/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.



preset path loss level is greater than or equal to a predetermined value,
as exemplified in F'IG. 8, a 25 combination of bandwidths that enables
allocation of narrow transmi_ssi_on bands to so-uand-ing reference
signals is selected. In FIG. 8, transmistfn bands corresponding to
hierarchical levels 2 and 3 are shown. With this combination of
bandwidths, a narrow transmission band 30 with a bandwidth of BWol/I

can be allocatedriged Usshp¥iA R TUOI PR 19580 8RY R ¥hown in FIGs.

transmission band with a bandwidth of BWo/8 can be allocated to a user

with £AnEr BAR 1855 T16XPHP LM bR oMEYT BanaRRIIHL Stb@sifeeded .

FIGs. 7 and 8 amedut exehwlessand rwyntmabdified asfmeedipd. diexddiment
the.use termingE%O(\)N %Wis eLEbIQdiment tig, qieF&rib%d with reference to

FIG >0 B TRE U2EF telinal 2005h&ilaes a receiving “device. The

5 receiving device Téludesartratsiagionl s;:2gRal derebndegerreratiegeiving
Ungdy £2 thatrigCeiNesc HY QTR IO MAICRING;H E9¢R1EY thg SQYAdiNGhission

reference_signori from the base 'station 100; a discrete Fourier 10

traRdORALDFFFUHRDER thA$B8ES73d BF outpit LigndOfomkhat receives
trapamiiasientdignai sedientd ggneragodeinfoz0x sedaiaumalipiog veiference

206 that recepes an gutput signai from the DET. unit 204 and receives .
e S P e S b A SRt E s ourier
10 freuensfoaind (GnThe badd st2@én thatantcae hvesseafasoFbptidr signal

ragpigim ¢hd Nryahsf i dRCCNPg MY OWR YL RIg fr@@ﬁ@?é‘éﬁ%gz unit

maé)é)lng unit 206. The transmission_signal sequence generating unit 2
ge

itesd sBatd@indAReENGe Si9A% sé§fentbat CBLRVSPhan output
regeigthdod€ien inghis thepenerited Zoanding referesde signd@lnformation

Se??ﬁﬂﬁﬁf?&geI%FwagE%%$Ssion bandwidth and a transmission
15 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
20 based on the received code and iInputs 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
25 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
30 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
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The DF'T' unit 204 performs discrete Fourier transform. on the sounding
reference signal- sequence and inputs the transformed signal sequence
to the data 25 mapping unit 206. For example, the DF'T unit 204
transforms time-domain waveforms intd frequency-domain waveforms.
The data mapping unit 206 maps the signai sequence to subcarr_ier_s
based on the t r ansmissi_on 30 bandwidth and the transmission

fregHency pghd Ieceigadinde theHase siajio LPR AKHNPEFRHIFency block

mapped signai sequence to the IFFT unit.208. For_.example, the data™ _
madpild Gl g06Thapy elEYheURCR el GERCce 43 scligkslieg distributed
fre§nenahlgloclsyeatading itagdedcthubdsageers discretehedisttibateshission

theb%sét\?vrp ndglvri]c(ijthtq%ese ron thr%itranlsmr%sglion tfjanrﬁjv"id@a%nc? the
transmission frequency ban "2 e Iisrfuni S0 PR Hrma ihverse
Fourier transforihén tH&Bignalisddue@&8mdppetiabnise duberseers-ourier

ang LS Fipr_ e Kansiarmed sighigh 1seqderereMieXt GRIEEEF INHF  the

radio communicat_i_on 10 system of this embodiment is described with _
refekdHeaRb 1€ 65 10.a04th uddARRNHEP 200 HEasubsans fedmgRissiont gnal

powegatacewnlink pilot signal continuously being sent from the base

station 100, 15 tNeé*r)((e y mgasureoscthEQatfi) rI]osstR%tweeg]dtpg u%%ﬁ%%[]%ipa!’;ltion
?_CC and the basg station 1(&{ Ahd reports the path 1558" hedstiement
togryisdienitioifs fhakimemaathendndsi ien gdewer 1&g tovhbakfsugnce to
10g (step15L002). Alternatively, the user terminal 200 may be configured

2.0 to report the marﬁin (difference) between the current
Eac user terminal 200 measures the

transmission power of a downlink pilot signal
continuously being sent from the base station 100,
thereby measures the path loss between the user terminal
200 and the base station 100, and reports the path loss
measurement together with 1ts maximum transmission power
level to the base station 100 (step S1002).
Alternatively, the user terminal 200 may be configured
to report the margin (difference) 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
combination of transmission bandwidths for 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,
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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transmission power level of the sounding reference signal and the

maximum transmission power level to the base station 100. Next, the

base station 500 selects a 2.5 corui_n.at_ion of ansmi_ssi_on bandwidths

for soundi_ng reference signals baseell@r the path. losses between the

user terminals 200 and the base station 100 and the maximum

transmission power levels reported by the respective user terminals 200

(SteR SPR4kdN thipaierniQihe Pash stafigadd sqlectsasambingliod pase
of bandwidths for sounding reference signals based on the distribution of
pafltiRtdof HOussPtsnifus205 BRI ARRE B its ¥EI (RBERYI#bhs that
examalsl egen INooarbbenof aifery i 8eterbriaalsviidsliigh patridssesds many
small ing;base, 513lign 109 selgets ycombinaon of bandWdhehate o ronce
enables alloCatibh of Wide € r Anens ssior bands 16 many~ sounding

ref6encéGignals é@amﬁmi?bé withheferéhee Hobrs. L RIewehikerminals
Whﬁi‘ﬁﬁe_?ﬁ'?ﬁerﬁ’éﬁﬁer iersanals puth pighypath ossesjgdaroeihgion 100

base station I00 selects a combination of bandwidths that enables

all SEXRAT nafow FARERRRIAPRandS To mBAPLEEATHS refthédce enables
sighhoznddssiibet witiriedereteaishissidd Deerdshabasmaiatisounding
109 éj]eteljénrllrées transmjssion bgg%vc\:n'gthsf rtheﬁhis e%te'\f’ee So%ndérc])gFl G. 8.

e 1ce sSignals a wi
reference S|gnals ogﬁm user?ermlnals ase n Fhe paﬁ1 0Ssses

between the usefh@minalstdi® and@sgebasess &2tk 00 408 the determines

MRGAHEHAXTBISSIOB DPNEE (RYFS LPJPPOREs by Fé%dﬁé%fﬁ?(}@i_“a&u nding
200 (step S1006). After step 51006, the base st_at.on 100 determines

trah8hRIRI R fLIEH bana€ aHag ddes Fot RS S RAREhen the
refpeerioe Figisdssofdbewaser En@inad200 (ke h4068)260r exsn@ee base

thestE‘%ls‘c(:“ion 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 base
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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2 0 station 100 determines transmi_asi_on bandwidt_'hs, transmission
frequency bands, and codes for the sounding reference s-ignal_s at
predetermined. intervals. Also, for example, the base station 100 assigns
codes such that the sounding referenekSsignals of the user terminals 200
25 are orthogonali_zed on the frequency axis. Next, the base station 100
reports the determined transmission bandwidths, t r_ansmissi_on

fregyeRCsaRGRNIs9des {¥phs se¥2indi_ng reference signals to the
respective user terminals 200 &s@t&p 30 51010). Then, the user terminals

200 send the solf§in§asfereked LRakClsiRg o tBRsmdRd 11ng based
bandwidthe: treesmissinnreguentybandsfandisedesoepriiatyby heference
1% pase Fta‘%’rﬁ‘glog ﬁtg@asclem% TPeDase Sl 100.pSIO0S cach data
scﬁe(ﬁﬁmg ased onthe recep?ion qualﬁy 31 the sounding reference

sighb& el aNoctidda tiaas g lodhdtivee donadiaa Bsshepinebanninof the

thesngg i dherensranzian kayhalithes sR¥ndibeeigRee s9PRES¥nding
from the corresponding _user terminal 200 (step S101.4). Thus, the above

entRRImEREH AR it £89sibREER exttRfly measure propagation path
conditions (in 10 Hhssfiequiescyat@uainewbitelieeping thedlensmissipossible
Poygr STFINER AR b At S NI VY I B3 S Hons - cin
possible to éffective )yperf%rm ﬁeqLPenc s%ﬁedlﬂlng and thereby b
trafhbmit dataqetentiels demgirequeritl keandsagiti ggodigrepageasnéssion
PaRLGRIFItRESAEY. 1HE@PAKS BMBIHIMAE T IN2KE TPORTEI® Wevel . This
efficiently allocate transmission bands to sounding )
in turn makes it possible to effectively perform
frequency scheduling and thereby to transmit data
channels using frequency bands with good propagation
path conditions.

Also, the above embodiments make 1t possible
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.



reference signals without leaving unused frequency bands in the system
bandwidth. Further, the above embodiments 20 make it possible to reduce
the subcarrier interval for sounding reference signals, to improve the
accuracy in measuring received chani#)€onditions, and to prevent
reduction in the number of code sequences. The descriptions and
drawings in the above 25 embodiments should not be construed to be

limiting the  presgpiyERHCN thePeisresiilied e REDaY WK @scribed

variations of the above embodiments from the descriptions. In other
woRliO\Re bresthf FREREN RBRCIIT et elLliBS aHdSL ERBEERRSN e tween

nottlisclosethatidventhereiare, theoechrisalstopabf tifopresene  present

invengan should b determined based engroperingersianding o6 15 oy a1
claims wnﬁ refereite to the above escriptions. Yo- Elthoug the presen%J y

5 ;:_mfeniinnGmm@simﬁ?bijcubovélﬁhmtwm@nmaﬂwstmowed in
beyRen e\ RMRABRTISEE MOt a3l {qritbavEesent INYRAEM tanding

and the embodiments may be used individuaiiy 5 or in combination.

AitRSudi§pebfiSailfes Y 892d 41 thetibovbalideBordichs Jo'Bki Gugarles
theanadeditfifdingnef the presentiayeniibsothee/aiuesdreijubtsxanperwise
an%éjri]tEe{Snte\éalues may also be used unless otherwise mentioned. 10
The presenr{ invVention is not iimited to the specifically disclosed

10 embodiments, anti@arkieasahd mydifidations kay bothallémwikedt to the

depRURGFRA i/ SEARSCAIJEE PresRBbATRBIAL AtaplEhJiRGiopRbns  and

block diagrams_are used to describe apparatuses in the 1.5 above
eniRAd SR L SppARLsES mAPHE impldhentEd Bgnardbae, from the
sofwalse or @fconghisatipresthet. invention. Although functional

block diagrams are used to describe apparatuses in the
15 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
20 are hereby iIncorporated herein by reference.

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.
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The present international application ciaims priority from Japanese Patent
Application No. 2007-001854 filed on January 9, 2007, the entire contents
of which 2_C are hereby incorporated herein by reference. INDUSTRIAL
APPLT_CABILITI A base station, a usetlterminal, and a ransmi_sson
control method for a sounding reference 25 signal according to
embodiments of the present invention may be applied to a radio
comonunication system. -21- CLAIMG Lag\pgise station in a system where
sounding reference signals from user terminals 5 are multiplexed using
distributed FDMA in which distributed frequency blocks each including
frequency subcarriess disseetelyaltsiobutid in assysesm bahdwisth are

allocated (o the wsgr (apinals. 34 e avelem bapdwiah s [ERSAl inais
halved into 10 frequency Band segments according to a binary-tree ]
stra¢i@re, thieldakelaxich coustizihg: & wraksmbigkedoanfithh In  which

AP PGB URE COFIRHES MR getey TURR Fansaussiop ity WiRsquency

1.5 allocated to the respective User terminals for transmission of the )
soFHRG TR eSS baddd BASHARINIRR dwde S YRGS PaNdwidth
terateala bhddha daseostetien (eportedenntheatss| terminals; a

wansmission fregyency dejermiping i A cpafigured 9 allger'e it ed into
frequency band segmeXt% corresponding o the defdiined trinshission
baifdi@igitien ey trdvandssice fequdscy lbaayioi ie sdimdirgy réferaicg-tree

siggglssépd ,aet[ansmission method reporting unit

the base station comprising:

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 frequency determining unit
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
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,
wherein the transmission bandwidth determining unit is
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 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 determining
unit is configured to allocate the transi&sion bandwidths represented by
BWo/2n to the respective user terminals, where BWo indicates the
system bandwidth and n (n is an -22- integer greater than 0) indicates one

of hisiigBiral gpxaledt theripanoyeessitiiereed: 1015La8¢ SR @Tafchical
claimedin claim | or 2, 5 wherein the user terminals are configured to

reﬂcﬁt’?ﬂ&ih’ﬁﬂﬂgng}ﬁ%@ﬁ Jdi& I83dIECI e transmission

bandwidth determining unit is configured to determine the transmission

ansmi_ssi_on bapdwigs, 140 b alpeated o N5 IRASFIYR USLsn 1 or 2,
terminals for trandmission of the sounding reference signals based on
theviepoeted maximum transmission power levels. 4. 'T'he base station as

claimed in claim g2, 3 ahergirt pHars eHPIAS g FROBHCIHS report

report margins between transmi_ss.on power levels of the' sounding
refBRREBW Ti8BRE FsSARRPRYEEMLSIdRI BowdPvels: and 20 the
transmission bandwidgvdetsinivdiunibisndaifiptiieditoreeteimineghenit is

wagsissin AN s ephanduidts lo be.allocaiod pane ISsReEieens 1o
user termmalsTor transmission of the sounding reference signals base
onbthe repdacatiedgintdetiiben theespenitil veiorugewer Zenavgiabs for
(e TSI EBIPNT SigRBIS AT P By BY SR0EMSPRAY Based on
evels.

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 iIn 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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5. The base station as claimed in any one of claims 2 through 4, further
comprising: 30 a transmission bandwidth control unit configured to select
one of plural combinations of bandwidths for the sounding reference
signals based on a distribution of the342h losses, the combinations of the
-23- bandwidths for the sounding reference signals corresponding to
different combinations of the hierarchical levels, wherein the transmission

bapdyyislii deissminingy p unitgs gonfiags eiphdeternpa¢diehdan  signals

smissi_on bandwidths to be allocated to the respective user terminals for

traRSMTERRPEARE S oundifg refitdd@r eithals BRIGR I ESecte@Bne the
of thieeqanridindtierls dietlrd Bgndwidths. 1.0 6. The base station as claimed

in claim 5, where'Hl the.tranéwission bandwidth control al ured -

wherel ansm 10N ban nili(%ﬁ:ﬁ:oag%e mining
to select a combination of bandwidihe that b enables all ocat_i_on of

wideirgnsniissiorchavfdiglor et sdundirdpiesdiehoe sigithie whenansmission
NUBRGHRT HEndser dermpis Wil patirlogsesareaigidhan QE6EERi0& user

preset path loss level is less than a predetermined value; and 20 to select

a cHRTBM AR Sof BRFawikRO #RE SSidles Gocdtith oPRAPMNY  reference
trag§igiesien bakischarovigre thaalibe vode daesofssidrebauisipnd€ions of
so%din%arﬁ(fﬁvr?@%ﬁsignals when a number of the user terminals with

path losses greater Ran or equal to the preset 25 path foss level is

greater than or equal to the predetermined value.

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 1s 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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7. A user terminal in a system where a sounding reference signal from the
user 30 terminal is multiplexed using distributed FDMA in which a
distributed frequency block including frequency subcarriers discretely
distributed in a system bandwidth is alf¥tated to the user terminal, -24-
the system bandwidth is repeatedly halved into frequency band segments
according to a binary-tree structure, a transmission bandwidth to be

allocated to 5 thersegrrpipaldahtAaeRissIPs o difead ety halved into

reference signal is determined based on a path loss between the user
terb iSRS bai 8o s PRSIy AREAELROMINE?, arfd orRIGARY-Ttree
fregeeneytoasd, segments 1.0 corresponding to the determined

transmission bandWJtdth is allocated a%a tEj"‘VVﬂ—]{i?]SiOP Jregléen%)i and or

. 1a ransml?sthon EP’] > cated to
the soundlng rererence signal, the user erminal comprising:. a data

maping usie tonflgurad na hagfaris tvanding ssfeesnceodigndinsequeageding
to plcsragisdasshertheiEangaigsianibrgwidisand B rapspission 1oss
frequency band reported bg the base station. 8. A method of controlling

traHEILsSh 390 436G RAIRG retnadcdign s iasy SikaT hpR d fROT Lted by

sogndng seferanoendaadls frantuser terminals are multiplexed using
distributed FDMA in Whlcgplstrl%ﬁed freq,_uence( blocks eaggahracludlnsqe

frequency subcartiers disCretely fibuted'in & seyg%/m 25 bandwidth al%ments

allecHiee sPordisty tebmintlze ardethersysta bancvisthiis sdpsatdandwi dth
halygd jq JEeAHERCYRaNY SRR RPN BEREY '8Rind  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
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structure, the method comprising: 30 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 -25- determining transmission B2mewidths to be allocated to the
respective user terminals for transmission of the sounding reference
signals based on the measurements of the path losses; 5 _ transmission

fregueapnieiFHY NI 95 SilBrAlpE Aog FeEHENCY Hapd Sea@iated to

corresponding to the determined transmission bandwidths as

trahBissiBRPREJURy HaRds rSeHBI R in teerchEaRRhbRS bpg of the

tragemissiolgmethpbdrrencding Btgradk 10depertiontheHeanseussieements of
bang]widthstﬁnq (t)hses érsa_nsmission frequency bands to the respective Llser

terrtnlr?alg.a

a transmission frequency 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
reporting the transmission bandwidths and the
transmission frequency bands to the respective user

terminals.





