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-1- DESCRIPTION MOBILE STATION DEVICE, BASE; STATION

DEVICE, UPSTREAM LINK AND DOWNSTREAM INK TRANSMISSION
METHOD 5 TECHNICAL FIELD The present invention generally relates to

a mobile station, a base station, an upfirk transmission method, and a
downlink transmission method for a 10 communication system employing
single-carrier frequency division multiple access as an uplink radio

access method. BACKGROUND ARIcH) EEvphigd Universal- Mobile 15
Telecommunications System (UMTS) Terrestrial Radio Access" (E

UTRA), single-carrier frequency division multiple access (SC-FDMA) is
employed as an @Bk RdisTATUESS MBI See, SRR B A HIN, DEVICE,

2olhan e A A R S BRSO, oo

stations (or terminals, User devices, users, etc.; in this example, users A,

B, EEARNGTAE) fygcgll transmit signals using different time and
frequency 25 Tresources the minimum unit of resources is called a

resource block) I%chRVESSHbg IR RN Bt eR e s fshates to a
moidle slatiogsaAlbori) Se-Fbids, astatdecyfivafrequehisibandinsmission

allpcaiidip eachmoblle sialon o aehieye sindlsaier ransrpiesion 5
witha 30 6w pegk-to-average power ratio (BR STAZ N twiih Thakes i
possibiauo kedédepoversiesurapidoyfithe radbigd stadans kel tof requency

g;%}’igﬁ Widh1 GRY PRSI aACBRICALETHRNFAMIFRIRN rAlGEAIRR UG e thod .

BACKGROUND ART
In “Evolved Universal Mobile

Telecommunications System (UMTS) Terrestrial Radio
Access” (E-UTRA), single-carrier frequency division
multiple access (SC-FDMA) i1s employed as an uplink radio
access method. See, 3GPP TS 36.211, “E-UTRA; Physical
Channels and Modulation (Release 8)” for the uplink
radio access method.

In SC-FDMA, as exemplified in FIG. 1, mobile
stations (or terminals, user devices, users, etc.; in
this example, users A, B, C, D, and E) in a cell
transmit signals using different time and frequency
resources (the minimum unit of resources is called a
resource block) to achieve orthogonality between the
signals from the mobile stations. Also iIn SC-FDMA, a
consecutive frequency band is allocated to each mobile
station to achieve single-carrier transmission with a
low peak-to-average power ratio (PAPR). This 1iIn turn
makes 1t possible to reduce power consumption of the
mobile stations and to provide wider coverage than
multicarrier transmission. Allocation of time and



frequency resources is determined by a scheduler of the base station
based on propagation conditions of users and QoS (e.g., data rate, error
rate, and/or delay) of data to be transmitted. This approach makes it
possible 5 to allocate time and frequergy resources that provide good
propagation conditions to respective users and thereby to increase the
throughput. In SC-FDMA, an uplink control channel is used to transmit a

chanae] GeRbY IRASHQKEeQ)) Hseadile F itsayensy %9“§€H@‘cﬂﬂ'é¢ of the

adaptive modulation and coding of a downlink data channel and to

traﬁéﬁq‘ﬂ kAR AAERAN B RBERRREE HR tr UL LBANSNRE| JFSers
downunlqdma (Beyacknawitedgesest ingarmationrdasgenenatixb fordelay) of

m le, based on the resu rror 15 detection such as gyc .
angy c??eck% %ﬁera; notr?e:'rror IS %%{ec?eg] ac%r‘%wleage possible

5 (A(L’B{) @lrlmgmueedhsmme arknofrediEne infesmtiopeandihhén grovide

ergpbisy deHied 9199?8}46 aekReTlefgRsHALS) i?é B¥icrbas i8ers  and
nowledgemen information. 20 DISCLOSURE OF INVENTION

ROSIERYS $6 B eiaasD e i auoRRHtoN m uplink
smgle carrier trapamsSigrotese sare twd méhaestshfer olultghexingh is used

trol channel.and a 2 data hannel errm toFG 2, @f
iﬁodﬁsusea'a{]when& ala are raﬁsmﬁt V|au |n(f< e ii sed for

10 a Cﬁrﬁ@Uemmgssh&d@ngomMIt@ﬂmm\Aﬁth_ramhle_l@ﬁar_:‘melamb codlng
seggnd mgthodgs usedhen daigaare naidransittechia upligls In the-ansmit

second method, a 30 control channel is transmitted usmg time and

freBGERGNY begsifREs BedidAtEa FOIRdh R iniRfAtiont The tiffRLERRSMi SSion
freqoanoiesofiretsndadicated dacontiee intkmalidadgieném@ information

nar.rowBand ch%nr(lfl tbl%[lls example, based on the result of error

15 detection such as cyclic redundancy check (CRC). When no
error is detected, acknowledge (ACK) 1s transmitted as
the acknowledgement information; and when an error 1is
detected, negative acknowledge (NACK) 1s transmitted as
the acknowledgement information.

20
DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

In uplink single-carrier transmission, there

are two methods for multiplexing a control channel and a
25 data channel. Referring to FIG. 2, the first method is
used when data are transmitted via uplink. In the first
method, a control channel 1is time-division-multiplexed
with a data channel. The second method is used when data
are not transmitted via uplink. In the second method, a
30 control channel i1s transmitted using time and frequency
resources dedicated for control information. The time
and frequency resources dedicated for control
information refer to a narrowband channel that 1is
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-3- separated from a data channel in the frequency domain but is
provided in the same subframe. 'The na-rowband channel is called a
physical uplink control channel (PUCCH). See 3GPP TS 36.21.1,
"E-UTRA,; Physical Channels 5 and Mggiulation (Release 8)" for methods
of multiplexing an uplink control channel and a data channel. When there
are no uplink data to be transmitted, an uplink control channel is

tragamiiededgiNg A0 EeSeiyEas AHAHEE- We%lﬁr@nsﬁ’fie&d@r@/lqjomai n
uplink control channel via PUCCH, transport formats are necessary for a

cab'ndi® aRIOVARELckABwIddie meahsnistHREBATR ek /NI Kar rowband
infeimaation) ar¢ snuibplbked and trangsited simpliandoustyretaask channel
wh a CQlis " d,and a.cas re gnly ACK/ K

inf ﬁjaet%bf[PIS |sefrean§%‘i3t%rril_s%,gﬂ12eig Is acga_sﬁﬁ'ﬁéresﬁgquebﬁ Ir!;AC%annels

request WashorkaibheihdGrel gasedify maborindrEfad P MIF forwblimhrx ing
MIMO ap §ARSTBEieErd RAEiQAR 1thg{cQhand{ph HISMRENACK

Information. :_on. For this reason, it is necessary to provide various

transport format¥N80 Thi¥etEn cAhHicatBs configdttbns &Rffa to  be
opeiaiinss iaftealile stationps dntk baserstaitons.dbinsrablectief theransmitted
present vention is to pravide a mobile stati b statign, an uplink-

kil SRt et 2 ST
possiBlents peevebkale inbavaze In thea nBwbeH of tharapepdolindieifoats are

PU(lEd8sih A 1eag fram daudltiplesing-the CQAANd IgiAGIIMSH edgement
information. MEANS FOR SOLVING THE PROBLEMS 30 An aspect of

thel BrEQERARIERioRAREANASY nisHiRrsiaddothht RERASYA EARASed and

qualitinesiinatian witheohtignessiioBslimategdgyenlink ehannsh Igualty CQl  is

ba%?’%rqgn?isti%ré ,frogF]g bgs%gtéagovv ggeto only ACK/NACK information
Is transmitted. Also, there is a case where scheduling
request information and/or a precoding matrix indicator
(PMI) for downlink MIMO are transmitted iIn addition to
the CQI and/or the ACK/NACK information. For this reason,
It Is necessary to provide various transport formats.
This i1n turn complicates configurations and operations
of mobile stations and base stations.

One object of the present invention is to
provide a mobile station, a base station, an uplink
transmission method, and a downlink transmission method
that make i1t possible to prevent the increase in the
number of transport formats for PUCCH resulting from

multiplexing the CQI and the ACK/NACK information.

MEANS FOR SOLVING THE PROBLEMS
An aspect of the present invention provides a

mobile station that includes a channel quality
estimation unit configured to estimate downlink channel
quality based on a signal from a base station and to
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-4- output the estimated downlink channel quality as channel estimation
information; an acknowledgement information determining unit configured
to determine whether a downlink data channel from the base station is
correctly 5 received and to output the gtermination result as
acknowledgement information; and an acknowledgement nformat_ion
prioritizing unit confi_qured to cause the acknowledgement information to

be qeisiantgly EnsiEee o Hisrasiraben i depsaussiGimigschlnnel
of the channel es-imar_ion Information and the acknowledgemeént

infE At AGIRCiEN ROIRRha R pe B tHRGRSMIEHISHEN b Hidqgaation
a hseatationiihgt inghitles aclvarf@goaeapenent deiteonfigwesed Whether a
manage frame informalzion indicating a 15 frame wherg_g mobile station

oL R e SRt v et et ol ki rectly
chéeesg ivatsmated viddowelitieudhd Ahallockaibarinformtiion sigesiult as

gengiaiod HEHgandaed io geparats yRlink Lagio respurce AlACRIPEdgement

information based on the frame ? C information. A third aspect of the
préé%ﬁ?ﬁﬂ‘/%ﬁﬁ@ﬁ‘ pRIVIRISIAA &8sk tr‘éﬂ%iséi@ﬂﬁ!&HE&‘feﬂa?mé?@B?% the
medRrstatid ddeanaethod indfadesatheasieps ab estimating gewrirential ly
channel quality based on,a signal 25 from a base station and.outputting . -
M AL ST U e S SR T RTDRE
inforfnatidih eleterahiaingednethesd toahliok datal oifanreh tfieon the dade  the

stat ~. i r | PULH etermination result as
A ok UWPSIGEREN EE MR AR P G 9 Hiciee

acknowledgement 30 nformat_ion; and if transmission ._:_mi_ngs of the

channel. estimafion $&FAMion2FRERE acRfowEB§emBRESFBImatldivention
copeisigi pesfergnbask \strandvoitingie includes a frame management

unit configured to manage frame information indicating a
frame where a mobile station transmits, via uplink,
acknowledgement information for at least a data channel
transmitted via downlink; and an allocation information
signal generating unit configured to generate uplink
radio resource allocation information based on the frame
information.

A third aspect of the present invention
provides an uplink transmission method performed by a
mobile station. The method includes the steps of
estimating downlink channel quality based on a signal
from a base station and outputting the estimated
downlink  channel quality as channel estimation
information; determining whether a downlink data channel
from the base station 1is correctly received and
outputting the determination result as acknowledgement
information; and if transmission timings of the channel
estimation information and the acknowledgement
information coincide, preferentially transmitting the
acknowledgement information to the base station.



acknowledgement information to the base station. -5- A fourth aspect of
the present invention provides a downlink transmission method performed
by a base station. The method includes the steps of generating frame
information -indicating frames where a%-mobile station transmits, via
uplink, downlink channel estimation information and acknowledgement
information for a data channel transmitted via downlink; and generating
uplink radio resoarcergiigegtion ggsgggq:tiorbpasgqi]gn thg-B88%t  invention
information. 1.0 ADVANTAGEOUS EFFECT. OF THE INVENTION An
asPEQH 65 pras AR HVEHESn BFRRIN S SHOBie"GHR aRREEQEARM, bY @
anbgpdek trarsntission mathed, andehdawnliakdbodedssiotiteethedkthes  of
make it 15 ]?j)ssmllito Hrevent‘;he in ease mt #éber of trar?w%%mwhere a
formhats for PUECH 788l tlngq‘rom mu plexmg

5 ACKOINAEK sitartigtion tERIEMDES,CRnPHIIOI*N)HTNﬂE MWI‘{MSS ebannel
PGt i RN vRsHRASRSHD S AUOCAIRMBIVRSHR EFROMECeS rformation

ngle-carrier transmission scheme; FIG. 2 is a drawing used to descrl e

aII Siondf upiéradioaeBgtes:; ‘AP R ke oM Biaghgwel ink;  and
majdasiatiingcuqsdingko aachtbodiseniradiéheapibseattihgantipnformation

FIGS. 4A and aredrawin ustrat transm|SS|on timings of CQI and
R S R U T

C nformatlon ' 3'Blot dlagram of a base station 30
10 according to an embodiment of the present invention; FIG. 6 is a drawing

IUgEUREr KRRSIS SR HENYFORER! fNYAGHHIRCK information;

An aspect of the present invention provides a

mobile station, a base station, an uplink transmission
method, and a downlink transmission method that make it

15 possible to prevent the increase iIn the number of
transport formats for PUCCH resulting from multiplexing
the CQI and the ACK/NACK information.

BRIEF DESCRIPTION OF THE DRAWINGS
20 FIG. 1 1s a drawing wused to describe

allocation of radio resources 1in a single-carrier
transmission scheme;
FIG. 2 is a drawing wused to describe
allocation of uplink radio resources;
25 FIG. 3 i1s a block diagram of a mobile station
according to an embodiment of the present invention;
FIGs. 4A and 4B are drawings illustrating
transmission timings of CQI and ACK/NACK information;
FIG. 5 is a block diagram of a base station
30 according to an embodiment of the present invention;
FIG. 6 is a drawing illustrating transmission
timings of CQI and ACK/NACK information;
FIG. 7 is a block diagram of a mobile station



FIG. 7 is a block diagram of a mobile station -6- according to another
embodiment of the present invention; and FIG. 8 is a block diagram of a
base station according to another embodiment of the present invention. 5
EXPLANATION OF REFERENCES 3®Mobile station 302 CFDM signal
demodulation unit, 304 demodulation and decoding unit, 306 downlink
channel 10 quality estimation unit, 308 ACK/NACK determining unit, 310
bufer: 3id Fhgnneteodingisihe 4 datampriialion Unr316Ste-FDifsent
signal generafing unit 50 base station 502 synchronization-detection and
chAMY&NTd @E6ma@R8h unit, 504 coherent detection unit, 506 channel
decoding unit, 564 @pling cliannzl dohdilon dasignation oifiit, 1Base station
o G Rt B o DBl o g er Uit gy eion-
- - -and- - gement unit, 514 uplin

5 20 resource-allocation-information-signal generating unit, 518 OF'DN1
Sigeabg 2R Ry oe Uit 7Rpviekia\staton 702 CFDM signal demodulation
unit,” 704 demodulation and decoding unit, 706 downlink channel 25

quality estimatioR UritoPdd & GHRBEID determining unit, 714 channel

coding unit, 716 3@ga maitdation gignEl SAdniddAlkigridgenaating, 304

unit 80 B tation 802 synchronization-dete tionft%l channel--3
oS LT 0% O TR i 6. cHBbnef taH ik, pghanne
10 soguphkiityhasikl veddigon unit, 308 ACK/NACK determining unit,
310 buffer, 312 channel coding unit, 314 data modulation
unit, 316 SC-FDMA signal generating unit

50 base station
502 synchronization-detection and channel-
15 estimation unit, 504 coherent detection unit, 506
channel decoding unit, 508 uplink channel condition
estimation unit, 510 scheduling and CQIl-non-
transmission-period-determining unit, 512 radio-frame-
number-and-subframe-number management unit, 514 uplink-
20 resource-allocation-information-signal generating unit,
518 OFDM signal generating unit
70 Mobile station
702 OFDM signal demodulation unit, 704
demodulation and decoding unit, 706 downlink channel
25 quality estimation unit, 708 ACK/NACK determining unit,
714 channel coding unit, 716 data modulation unit, 716
SC-FDMA signal generating unit
80 Base station
802 synchronization-detection and channel-
30 estimation unit, 804 coherent detection unit, 806
channel decoding unit, 808 uplink channel condition
estimation unit, 810 scheduler, 812 radio-frame-number-
and-subframe-number management unit, 814 uplink-
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estimation unit, 810 scheduler, 812 radio-frame-number- and subframe nu

ber management unit, 814 uplink -7-

resource-allocation-information-signal generating unit, 818 OFDM signal

generating unit BEST MODE FOR CARRYING OUT 'T, HE INVENTION

5 Embodiments of the present invention are described below with

reference to the accompanying drawings. <FIRST EMBODIMENT> 1.0

(MREILE A HPIN A Fbie satoAni derdiigda p f'bsérPéPB‘l‘i"HEntun it,

of theﬁpresent invention is described below_ with reference to FIG. 3. As

sh&&R iPFRY. 5 kEBMoIRNSERDA D ML first embodiment includes a

receiving 15 unit and a transmitting unit. The receiving unit includes an

OFD OMB 3l f ek{ﬁﬂ‘%\’ R] iSiQ : mrtrq iplexi Ns[upaﬁl dem_odulation
—a—demod oh-and-decodingu demodulating and

decoding uplink enandcaitio® fforitagion Rr2selownlirkstembepn  are

quality SsiBation HEE G, #ITAN AEKAARKLetpuNInipgLNILROR R any ing

determining ACK/NACK information for downlink data channels. The

traHEMBAYSmit includes a buffer 310, a channel coding unit 312, a data

modulation unit 314, and an SC-IF'FDMA signal 25 generating unit 316.

T_h%_ﬁi%@ﬁﬂ %%%@ r%x&f:llglation unit 302.receives an OFDM-modulated

signal from a base stafion (not shown) via an antenna, a duplexer, and a

po¥dPBMpAfiSTEDI @Mdwn) and OFDM-demodulates the received signal.

The 30 OFDM dgmaglyixips Pregessipiforsied Bt QFRY se9ala  First

demodulation unit 302 includes signal processing such_as }
embodiment of the present invention is described below

with reference to FIG. 3. As shown in FIG. 3, the mobile
station 30 of the first embodiment includes a receiving
unit and a transmitting unit. The receiving unit
includes an OFDM (orthogonal frequency division
multiplexing) signal demodulation unit 302, a
demodulation and decoding unit 304 for demodulating and
decoding uplink resource allocation iInformation, a
downlink channel quality estimation unit 306, and an
ACK/NACK determining unit 308 for determining ACK/NACK
information for downlink data channels. The transmitting
unit includes a buffer 310, a channel coding unit 312, a
data modulation unit 314, and an SC-FDMA signal
generating unit 316.

The OFDM signal demodulation unit 302 receives
an OFDM-modulated signal from a base station (not shown)
via an antenna, a duplexer, and a power amplifier (not
shown) and OFDM-demodulates the received signal. The
OFDM demodullation process performed by the OFDM signal
demodulation unit 302 includes signal processing such as
orthogonal detection, analog-to-digital (A/D) conversion,
and fast Fourier transformation. The OFDM signal



orthogonal detection, analog to digital (A/D) conversion, and “ast Fourier_
transformation. The OFDM signal -8- demodulation unit 302 outputs the
demodulated signal to the demodulation and decoding unit 304, the
downlink channel quality estimation urt306, and the ACK/NACK
determining unit 308. 5 The demodulation and decoding unit 304 receives
the demodulated signal from the OFDM signal demodulation unit 302 and

extigriadtiaBderecivied sErabas InehilingHRIiS rased & ignal to
allocation information to be used by the mobile station 30 when 10

trah8RitAg ARk 9ghafBdhe AdBGon U défdeuldidn ad@wnlink
decodingelhit 30rh Hénpdstesnanti dacadkes the3padractadsigealeandCK/NACK
thedg%)éobtiari]nlsnthe Hgl'nksﬁgource allocation information. Then, the
demogulation ard deco ingunit 304 outputs the obtained 15 uplink

5 resource allocatibRénforgeiodud atd SC-FOMW sigtlecgehargtingwnkt 304

31pcthg dawnlipkChanasbaralix eaimafignanit RS TECEhES Bt  signal
demodulated signal from the OFDM signal™ demodulation unit 302 and

méRVARL ISR cHRARel 36 20RittbnEBEEAF R = plibCehaths (hageTved
alseigmedlled a refpgenrce sipnalua ifeyrec¥dmiRignalsbha-dewrdilkocation

channel guality estimation unit 30§ outputs the me ed downlink

Cham Ak T8 e 1480 HP T MERRIE, SEARIRL 38, when
10 A (l;QaﬁSlféi)tdsbﬂ@dBQB_ thyod i/a_lae@bmiadd ttpccther_tilng% statio_n. The

MEASHERINTBHG oFFCeRHRN AHREY U 2 pignabiinteiisietcA ¥  and

(SIR) or a signal-to-interference-noise ratio (SINR), of the pilot channel by

usHEEPARIetEMRinRK HIAREE B0 STHeNRd k/RRE K BREKFRINIngAREEdds the

reegiMeRke resource allocation information. Then, the
demodulation and decoding unit 304 outputs the obtained

15 uplink resource allocation information to the SC-FDMA
signal generating unit 316.

The downlink channel quality estimation unit
306 receives the demodulated signal from the OFDM signal
demodulation unit 302 and measures downlink channel

20 conditions based on a pilot channel (may also be called
a reference signal) iIn the received signal. The downlink
channel quality estimation unit 306 outputs the measured
downlink channel conditions as a channel quality
indicator (CQl) to the buffer 310. A CQl 1s represented

25 by a value obtained by converting a measurement of
reception quality, such as a signal-to-interference
ratio (SIR) or a signal-to-interference-noise ratio
(SINR), of the pilot channel by using a predetermined
method.

30 The ACK/NACK determining unit 308 receives the
demodulated signal from the OFDM signal demodulation
unit 302 and determines whether there is an error in a
packet (downlink data channel) In the received signal by
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demodulated signal from the OFDM signal demodulation unit 302 and
determines whether there is an error in a packet (downlink data channel)
in the received signal by -2 using an error detection technique such as
CRC. The ACK/NACK determining urR-308 outputs acknowledge (ACK)
if no error is detected or negative acknowledge (NACK) if an error is
detected to the buffer 310. 5 The buffer 310 receives the CQI from the

doyygipigChaRnebaylity esipatipR amit 3R ARG qeseiGsdhe AGK/NREK The
information for the downlink data channel from the ACK/NACK

deferifNAG Kint' 988 FitE Mdbild i ionOsh PAHRMISIhe eXhkRE YR sLACK)
staiipn A6 ataguiar identalsatcteninad ineghaiee betvleaowiedyebileNACK)

atign ana the base station. eyefore, t er ecelves the
230 ang e hase Slall {%E%eh%u { 3pgecevesth

st
CQ'I at%rr]e(?eﬁgpn'{in('ea intervals front the chanhe qﬁality esfimation unit

306. Meanwhille,.'l'hﬁa bbterfEn0 re%bﬂ/esrtﬁ@m,émhmfoﬁﬁdtiorf em the
ireiaT i diRis ITReFAAESE the AT CRASSSIRIRNG UNLAG& 306  and

determines the presence of an error and outputs ACK/NACK information
onKBFEdY 8l En Mk NAGK uliBE R Bt v EREmitRE rdpypkink data
bastatation (if-oonlytieen det/aredransivitiedy ifhatgforantie 2808. The

buffer 310, at ven timjng, receives only, the I ly the ACK/NAC .
S R A S TR Sl e B o T
butidr eoidkaminedaheabs onlg tee TQICbnliithadcaimaCletween the

INfRISRALRS. %‘t’é‘ﬁl‘cﬂﬁ theCQRhandera Nise KNALKIROMagdsre, the

received. When only the CQI is received, the buffer 310 outputs the I

C
to fHeFERENmT CodiS5 By 822 V\ﬂ?en‘%ﬁ’ﬂy tA& A@R?Qﬁtﬁ‘(mﬁeﬁﬁatibﬂqié’ rvals
received, tieebafferdidlowpuikitey ASKVAEKInfoumatoBostheMeanwhile,

Ch%ﬂ&”C%ﬂ%?gP“3%ﬁ8w“¥%ceives the ACK/NACK information
irregularly. This 1is because the ACK/NACK determining
unit 308 determines the presence of an error and outputs
ACK/NACK i1nformation only when a data channel is
included 1n a signal transmitted from the base station
(i.e., only when data are transmitted). Therefore, the
buffer 310, at a given timing, receives only the CQI,
only the ACK/NACK information, or both of the CQl and
the ACK/NACK information.

The buffer 310 determines whether only the CQI,
only the ACK/NACK information, or both of the CQl and
the ACK/NACK information are received. When only the CQI
IS received, the buffer 310 outputs the CQl to the
channel coding wunit 312 When only the ACK/NACK
information 1is received, the buffer 310 outputs the
ACK/NACK 1nformation to the channel coding unit 312 When
both of the CQI and the ACK/NACK information are
received, the buffer 310 discards the CQl and outputs
the ACK/NACK information to the channel coding unit 312
according to a vrule determined between the mobile
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30 both of the CQI and the ACK/NACK information are received, the
buffer 310 discards the CQI and outputs the ACK/NACK information to
the channel coding unit 312 according to a rule determined between the
mobile -10- station 30 and the base statidn. For example, the buffer 310
may include an acknowledgement information prioritizing unit that
preferentially outputs the ACK/NACK information when both of the CQI

and {hg pACROAY IRAENiare g eqivad. Haf-clas, fRAINgADIt, y FFer
312 receives either _the CQI or the ACK/NACK information from the buffer _
31615hd p&@dms dﬁbﬂ?ﬁ@@odin&%n th@ OV EResRRbN oinformation

geperpta asigraigl heunhironel €hding upik 2 iédnatkpdtbythe gengratesl  the
Sig 8!<WRE|gatalqu}%dPnlwat. | lﬁnit vﬁ%éhTthﬁ%a moquulqghoen ur(1,j %Mand the
periorms’ predetermine modulation processing on the signal received
froACHENAhnendsding tin3 12 e diderdyerb. generates, for each

block, a sequengg, BCligiRENBIPMRHAHE QRS £ CEMNACKIRE T (Rddiond j ther
to be returned to the base station. The data modulation unit 314 outputs

theEBEndSHbd X BB ANAKK TR STEARA SRnd iRy thit EHIET 310

TherkC-peM eignabgereratingcoti A6 eerferes picessiad sicifesmation
disgrete Eoulier dransformaton (PET)rgubcarrer Mappingdnihe  unie 312
frequen omain based on te uplink reSource allocation information

recaiMgalftemthe deaneinikion stomecbdlig Ihanid30a, inoehsbaidton unit
Foygpigr transformation (IFFT), and addition of cyclic prefixes on the
sequence received from the data modulation unit 314, and thereby

generates an SEHEOMAIGERAl 1oAY AREIRRY vid DBifnk. et = performs

predetermined modulation processing on the signal
received from the channel coding unit 312 and thereby
generates, for each block, a sequence including
information (CQI or ACK/NACK information) to be returned
to the base station. The data modulation unit 314
outputs the generated sequence to the SC-FDMA signal
generating unit 316.

The SC-FDMA  signal generating unit 316
performs processing such as discrete Fourier
transformation (DFT), subcarrier mapping in the
frequency domain based on the uplink resource allocation
information received from the demodulation and decoding
unit 304, 1inverse fTast Fourier transformation (IFFT),
and addition of cyclic prefixes on the sequence received
from the data modulation unit 314, and thereby generates
an SC-FDMA signal to be transmitted via uplink. The
generated SC-FDMA signal 1is transmitted via the power
amplifier, the duplexer, and the antenna to the base
station.

Operations of the mobile station 30 of this
embodiment are described below with reference to FIG. 4A.
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generated SC-FDMA signal is transmitted via the power 30 amplifier, the
duplexer, and the antenna to the base station. Operations of the mobile
station 30 of this embodiment are described below with reference to FIG.
4A. -11- FIG. 4A is a drawing illustratidgltransmission timings of the CQI
and the ACE./NA(-,K information. In FIG. 4A, the horizontal axis indicates
time. Also in FIG. 9h., dotted lines indicate subframes used for

trapgissigns Femihe 3 MG SPIPOSEr FPHG ISHPRESTWN  timings
indicate tlmlns)s at which the ACK/NACK information is transmitted, and

arBlisER e ERver PG TS AEKAINAGK af RARFMEEIEDY idl fakdfittedA - the
In g ¢xanpkel thex@Q! iBntidosndtedin sebfradedl amdrle . 4A, dotted

AGNAC niarmayionc 1 s Uansmitied n subirape L fsdiedibed o he
above,e(ﬁe H&Sﬁ)is?ransml ecr ?rom the mobile station ’éﬁ”%o?ﬁe ase
statioh bt eprezfeadrhtined3Mtervals rpnte dxampleshowpar FIGOYWA, ithdicate

CQ im irRgsmie e n A ABIADRSC Sn'fokey M #leransmitted,
subframe#5., and so on. Meanwhile, the ACK/NACK information is

traRSRhitRH PdSuIAY, ENGVnEAYRE mbBite daAdTaE5eENRLY§aaT Which
chahrel 0o thie bageatationttethe ekammlh Bhoveximiplle 4Atthe CQl1 is
ACK/NACK information s transmitted.in subframe #l, rame -
AR S PG e ey Rk P farmation
CQigs tobasmntitmtedin subffaase:5#and therefore both of the CQI

and the ACK/NAGK igfrpigfiga @redp bedranspideddn pubjieme fimsmi tted
However, when both of the CQI and the ACK/NACK 25information are_

redehASY, thEBuifEPBIA ST tREABMAE sBBlont® offifis didilimekation at
disopesisetherGhant nvtRuto ANy, therAGRAASK ifeenatiswT herefeG . 4A,

" the CQl is transmitted once iIn four subframes, i.e., iIn
subframe #1, subframe #5., and so on. Meanwhile, the
ACK/NACK 1nformation is transmitted irregularly, 1.e.,
when the mobile station 30 receives a data channel from
the base station. In the example shown in FIG. 4A, the
ACK/NACK i1nformation 1s transmitted in subframe #1,
subframe #5, subframe #7, and so on. According to the
predetermined intervals, the CQl is to be transmitted in
subframe #5, and therefore both of the CQl and the
ACK/NACK i1nformation are to be transmitted in subframe
#5. However, when both of the CQl and the ACK/NACK
information are received, the buffer 310 of the mobile
station 30 of this embodiment discards the CQI and
outputs only the ACK/NACK information. Therefore, 1in
subframe #5, the CQl 1s not transmitted and only the
ACK/NACK i1nformation 1is transmitted. This cancellation
of transmission of the CQI 1is indicated by an oval-
shaped dotted line and a diagonal line. The oval-shaped
line and the diagonal line are also shown at another
subframe (subframe #9) and indicate simultaneous
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subframe #5, the CQI is not transmitted and only the ACK:/NACK
information. is transmitted. This cancellation 30 of transmission of the CIF
is indicated by an oval- shaped dotted line and a diagonal Tine. The
oval-shaped line and the diagonal linela2e also shown at another
subframe (subframe #9) and ndicate simultaneous -12- transmission of
the C QC and the ACK/NACK information is also prevented in subframe

#O¢PRRSHPEANSINElFdqhHvacglets Aiuihe Aea ALY RIRFH A3t on s

length of 1 ms. 5 As described above, in the mobile station 30 of the first

entbbefnBEEYRNEGFr Y 05 eREXRTR #Bt from the channel quality

estimation unit 30feang UBFEAHRCK mtdnksion two ted AE€K/MACKhe time
determinci%%ém% SC%SCaciﬁeran%s vavhi:temr otfbgf tfe %QI and the

ACKINA 0 MFOHTALON aré Tedeived & the Same ﬁ]m'e, and if both of

them are receivétbat dies sihleaiinealodyits diily tiee AORINAEK station 30

inferMagion (FiiesshapRBbediRg ¥t $he WitpfBis ConBOURIT WS a col
CQI and the ACK/NACK information_are not multiplexed. This in turn
elifiliffes e e eshovilE&hhEYort frhbrafot Rultipiedity 86  and

C.QCRHNNTKAG KA K il onmEFomarchiergdy/Makss depssibining unit

re the number of tran rt formats., Alsp with this.configurgtjon,

e 7 ot i 0 s g S o o SR8 TR
20 infrangakieo fronr ehenegreistatom torihrinatienst beevecante 1 ¥ both
mabie giatipnAandibekasg sigtioprre sRantgiRed PVQH%Mu/E§ f'?‘Br(]j ly the

alternative, when the CQI and the ACK:/NACK information are receive

at M AMEmd e PRbaae: 318 mED®e EHFNGE eFRARRDOMARAL 312-
stavg the CN irsteadaffdigoargingit In thiseaseJpr examiplethe  ACK/NACK

information are not multiplexed. This in turn eliminates
the need to provide transport formats for multiplexing
the CQl and the ACK/NACK information and thereby makes
it possible to reduce the number of transport formats.
Also with this configuration, since the ACK/NACK
information iIs returned every time when a data channel
IS transmitted from the base station, communications
between the mobile station 30 and the base station are
maintained properly.

As an alternative, when the CQl and the
ACK/NACK i1nformation are received at the same time, the
buffer 310 may be configured to temporarily store the
CQI instead of discarding 1t. In this case, for example,
the buffer 310 preferentially outputs the ACK/NACK
information, determines whether 1t 1is possible to
transmit the CQI in the next subframe following the
subframe where the ACK/NACK information is transmitted,
and 1f 1t is possible, outputs the temporarily stored
CQl to the channel coding unit 312 so that the CQI 1is
transmitted in the next frame. With this configuration,
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the buffer 310 preferentially outputs the ACK/NACK information,
determines whether it is possible to transmit the CQI in the next subframe
following the 30 subframe where the ACK/NACK information is
transmitted, and if it is possible, outpufshe temporarily stored CQI to the
channel coding unit 312 so that the CQI is transmitted in the next frame.
With this configuration, -13- as exemplified in FIG. 4B, the ACK/NACK

infaEnadioBe KRS terhin SyRirame #5 (WBETRCRIGNENT i FiSrmation is
predetermined intervals, the CQI and the ACK/NACK information would

hatd BEsA HRERDIXY aftPS faRSmitted o iMELsme RESAHMR clp  the
is fpaesieitedninibd neiratdfvales#6. Tthus, thidonfigntationhenablesK /NACK
the.bgse station to perfor heduling based on_ the | trapsmitted from

e IR SAOI 20 N ctoaen thebst subfcril O D asing 2N
thetsigfeimd tewkrathethe KgameKtinfoeadod isthenSktets tHgransmitted

tergporailyeStoredh G Q! BlayReaH@nsmited MRy oneffibsegigilguration

subframes following the subframe where the ACK/NACK information is
traRERRERS 15 %e e StHeleIthdRRE RINES e dHbAngidased on
arethelltaxecramshiantwitefirsimutianenody bs astaidrorati®o signal

from the mobile ﬂ%tioon, th?r?o)é%%{"&e ogqge in{%rma%'?%signael)t( nds éoubframe
become smaller compared Wit & 2ase where only the CQI 88 the
ACKONDW irdorhizgionud fraasmitrdie MaistiheuACkayAedudafrimation is

CopPUGANPRRHality Pha useEdmobie SaPn) Radthg celledpe anthy e

m%’cause_the user.to become unable to communicate. To prevent such

prddi@nsM kLR cdss Ao PoRRE the BaRgMelorsyifsanss Tollowing
Howrever, isatepsingethe tidveanaissiorngoweATK/®ases theinformation  is

transmitted.

Meanwhile, 1f the CQlI and the ACK/NACK
information are multiplexed and transmitted
simultaneously as an information signal from the mobile
station, the coverage of the information signal tends to
become smaller compared with a case where only the CQI
or the ACK/NACK information is transmitted. This in turn
may reduce the communication quality of a user (mobile
station) near the cell edge and may cause the user to
become unable to communicate. To prevent such problems,
It IS necessary to 1iIncrease the transmission power.
However, increasing the transmission power increases the
power consumption of the mobile station. With the mobile
station 30 of this embodiment, since the CQl and the
ACK/NACK information are not multiplexed, the above
problems can be prevented.

(BASE STATION)
A base station 50 according to the first
embodiment of the present invention is described below
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power consumption of the mobile station. With the mobile station 30 of
this embodiment, since the CQI and the ACK/NACK information are not
multiplexed, the above problems can be prevented. 30 (BASE STATION)
A base station 50 according to the firstldmbodiment of the present
invention is described below -14- with reference to FIG. 5. The base
station 50 provides communication services to the mobile station 30

(Shppeh B Bnds SPOWR i FIGs 5, 11RubasgtatiopRG dACIUiS rovides
receiving unit and a transmitting unit. The 5 recemr:F unit includes a

sy FANBHRAGGEHRR RS HAG EHatPel EREMARM ISt SR I herdft (Shown

defasticnignit 304, axbastebwacoiing Bn@ 506 antupinke®aneitation 50
condign gaimatiopinitienf for eaimatngiplink channelcppdiions,of. e
users, a scﬁedueﬁng and '(ydpﬁon PO'Eansmissmn-perioéﬂdeterm%ing unit

510caed ¥ kagdio Uinditie-hogbiddesd ausyanbamizathanagetestiion and
S1gh IRedPnSEr iR HiHNGliee andplinkiresBHiCPent detection unit

allocation-information-signal generating unit 514 and an OFDM signal
ger@fhtingun®828Ned THESRIEARShiz gk detion 40 cafdalk  channel
estoatidrt ioi S02gedeaised arsignal (£C-EDBIA signal)ekeivatiohie uplink

station via an antenna..a duplexer, and a power ampljfier-(not shown _ _
T R T e R L el B R A1 "E Q1 -non
delermnssis 20 00cgstionathnitg tesadhngh uphak pist @harfied (opa radio-

SyRGHIRRIZAtRIHbEraRRRE S SR8 VRd R, ﬁ%@@ﬁ%”k Ghgrnel 512
conditions based on the reception conditions of the uplink pilot channel,

andNGenckARE SRt RSh foF Bldnnel B&hHERSAtioAMThe#R 1 INk-resource-

allocation-information-signal generating unit 514 and an
OFDM signal generating unit 518.

The synchronization-detection and channel-
estimation unit 502 receives a signal (SC-FDMA signal)
from a mobile station via an antenna, a duplexer, and a
power amplifier (not shown). The synchronization-
detection and channel-estimation unit 502 determines a
reception timing based on an uplink pilot channel (or a
synchronization channel) in the received signal,
estimates uplink channel conditions based on the
reception conditions of the uplink pilot channel, and
generates information for channel compensation. Then,
the synchronization-detection and channel-estimation
unit 502 outputs the generated iInformation to the
coherent detection unit 504.

The coherent detection unit 504 receives the
signal from the mobile station via the antenna, the
duplexer, and the power amplifier (not shown). The
coherent detection unit 504 demodulates the received
signal based on the information received from the
synchronization-detection and channel-estimation unit



25 the synchronization-detection and channel.-estimat_i_on unit 502
outputs the generated information to the coherent detection unit 504. The
coherent detection unit 504 receives the signal from the mobile station via
the antenna, the 30 duplexer, and the power amplifier (not shown). The
coherent detection unit 504 demodulates the received signal based on
the information received from the synchronization-detection and

chagel-esimaiaiypfitsl Sth82 dafsuingedae d59adylated senal enannel
the channel decoding unit 506. The channel decoding unit 506 properly

chdaHR8dEE e 3% odulated signal received from the 5 coherent
detection unit 50Amand thehaby edprodueesdidgoutputdia CQ506  properly

ACK/MACK information. The uplink channel condition gstimation unit 508
eci L Sl SRR A, SRR RARE AT e oh ehe
5 thecolsiered; ade techdwer ampiiieb04 (AdIkhdhvay,eind cstipeasiices and

uptkeEhAnneh cepditians Mk RINCIATRSI-Aiddrpased on a pilot

channel (or a reference signal) in the received signal. The uplink channel _
condition estimafiB utPddSButEIRIRE lesGFRAAEHLINMK BREFRAtIoN unit
cosdifon@sichesnehkh sgtinraion isfpgmatorjrtorthersehedoliid enégtation
CQl-=non; Hgnsmi]s_gir(])ﬂé{)er:gg:gete;mirg%Pnit 510 T{r}? scheduling an

d, - -
C I-'r?on!irans%ri]ssmn- per efey INiNg unit gfgpe Oemgo(yvo%\,’n”rq@pllfler

10 sci{gxtinghibased, omdalip bl satiee (u;;plsi)rdi eabhnreld soenh@stipas (or
reqyspisloRpites yiEnsiEy BAESKELATL BIRGEIAHSMLFEor a

estimated uplink channel” conditions received from the uplin

chaff&@eenarions ktidbdoniihit 568, AIRL e SchedlitiiPdnd CienoHP 11Nk

channel condition estimation unit 508 outputs the

estimated uplink channel conditions (as channel
15 estimation information) to the scheduling and CQI-non-

transmission-period-determining unit 510.

The scheduling and CQIl-non-transmission-
period-determining unit 510 performs downlink scheduling
based on quality of service (QoS) of each user, such as

20 a requested data rate, a buffer status, a desired error
rate, and a delay, and on the estimated uplink channel
conditions received from the uplink channel condition
estimation unit 508. Also, the scheduling and CQIl-non-
transmission-period-determining unit 510 selects

25 destination mobile stations (more particularly, user
numbers) based on the estimated uplink channel
conditions, and determines allocation of uplink
resources to be used for communications by the selected
mobile stations (hereafter, for descriptive purposes,

30 the selected mobile stations may be represented by the
mobile station 30). Also, the scheduling and CQI-non-
transmission-period-determining unit 510 receives, from
the radio-frame-number-and-subframe-number management



10

15

20

25

30

transmission-period-determining unit 510 selects 25 destination mobile
stations (more particularly, user numbers) based on the estimated uplink
channel conditions, and determines allocation of uplink resources to be
used for communications by the selectd®é-mobile stations (hereafter, for
descriptive purposes, 30 the selected mobile stations may be represented
by the mobile station 30). Also, the scheduling and CQI-non-

trapassionperigd-ppIGrmINm BRI SHFeseifeSiloM e used by the

radio-frame-number-and-subframe-number management -16- unit 512, a
traRROKRDc ERBHPEHO bE sded BRI Mob & Lok a0 I RefighRon o
ACKINACKaermagea td dhe ba&e statioh&0. Thedio-frame-number-and-
adiofigmsaunperapd- sybfagiequpber magagemest UNOAgo.  £rame
managesar‘rame b huribers (’jle.g.gsﬂbef?ame Aumbers Asshowh il PIGs. 4X
andugBeioshe(@sep by mdblieangiondnbetdsat AORNAGK FIGs. 4A and

infgigatipy. Ag0. 18e §CRAUND R1E CAPIGRANSTH_Sihsmit  ACK/NACK

period-determining unit 510 determines transmission 1.0 t;:_mi_ngs
(sUHHEREG B CQI and the ACK/NACK information from the mobile

station 30. The sthedylingh@nd Hldudriiignsmissonipeime-aatarsinigsion-
unh 240,60 detemine nsmission tmifgs ofile GO} pecause LS onission
trahSmited % predetermlr%d intervals from the mobile 1.5 station 30 as
dedribitsbov€ subhfretaresgde tocfiGsthe andiB. At thetduhed Wi/ NACK
ang R HBASHSSIAN-thRLIOA SIS INiRG ¥Rl 18 62N dleruBRdeRIIing
transmission mi_ng of the ACK/NACK information based or. the frame

nuRibér FEENENrdhaRe TAGS Ham@ AR RS NN RSmEMFRE0 can
manegermeht enit baAshirtarothetsohdynoddtGI-00n- because it is

trag;g}]sg%opt-;@r(ijodéq:eteprrpeirgg%gpriﬁi'Snlé) OYNEdPCals from the mobile
station 30 as described above with reference to FIGs. 4A
and 4B. Also, the scheduling and CQIl-non-transmission-
period-determining unit 510 can determine the
transmission timing of the ACK/NACK information based on
the frame number received from the radio-frame-number-
and-subframe-number management unit 512.

Further, the scheduling and CQIl-non-
transmission-period-determining unit 510 counts the
number of timings (frames) or the number of times when
transmission timings of the CQl and the ACK/NACK
information coincide and the mobile station 30 transmits
only the ACK/NACK information. If the number of timings
exceeds a predetermined value, the scheduling and CQI-
non-transmission-period-determining unit 510 determines
the next timing when transmission timings of the CQI and
the ACK/NACK information coincide and outputs a downlink
data transmission stop signal to a downlink data signal
generating unit (not shown) to prevent transmission of
ACK/NACK information at the determined timing. Effects
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number of t-imi_ngs (frames) or the number_ of times when
ransmi_ss:_on timings of the CQI and the ACK/NACK 2.5 information
coincide and the mobile station 30 transmits only the ACK/NACK
information. If the number of timings edeeds a predetermined value, the
scheduling and CQI- non transmission period determining unit 510
determines the next timing when transmission timings of the CQI and 30

theACKAVACKORETBI1FHAE PO Cilea0mk SE P8 dpapiipk data
transmission Stoﬁ signal to a downlink data signal %fqneratlng unit (not

shown) to prevent¥ansniSS6A ! AGK/NATK infolrididiPahEansmission-
depssminet-tptgr kifeéisg 1 (rof thisSeonfigurgton sreaddsssaed dataresource
The scgedulin and CQCI-non-tr nsmissig}ni;%eriod- eterreini grunit 510
gmber s (IEraurce numbers: o e alloca EE ey cdes) to
ouppusa ocated resource nuUmbers (resourcé numbers of the allocated
reddieces) to 5 thalpdikiksreseseraRcakdeadtioaidndignaation-signal

gﬁg%’ﬁéif‘at‘ﬂi{gsw HELORREPNEHEIRYRB MO Ye tRGISIP AT 504.

CQI-non-transmission-period- determining unit 510 also qutputs the _
selbed usePNGHBAANE the uBittk-resolbfeb-ARRaEERAFO RIS TPEr 10d-
sigeteenaraing uniirbild asd the ghaanelslegodiny unihéd0&dhected user
uplink-resource-allocation-infgrmation- signal generating unit 514 -

2 OREE the Hlockila. rebblACE nhSEar! ith 1 St e g formation-
nusibgrab U8 genetiangplinkiresbirteanidcdtivh ipf@nrgibnd@doding unit
outpgs the generated uplink resource allocation information to the OFDM
signal generatingt unit 518. When receiving the downlink data transmission

stop signal from ﬁ@sehedHﬂHﬁHﬁ ERsigigreepal location-information-
tragggigsion-geried-dew@igining init B4 theidegwolinkdata sgeal allocated

geQ%ggngégﬂ n&%%@?gn)®$¥ﬁeu¥ke allocated user numbers to
generate uplink resource allocation information and
outputs the generated uplink resource allocation
information to the OFDM signal generating unit 518.

When receiving the downlink data transmission
stop signal from the scheduling and CQl-non-
transmission-period-determining unit 510, the downlink
data signal generating unit (not shown) stops and
postpones the transmission of data specified by the
downlink data transmission stop signal.

The OFDM signal generating unit 518 receives
the wuplink resource allocation information Tfrom the
uplink-resource-allocation-information-signal generating
unit 514 and also receives other downlink channels (such
as a downlink data signal, a reference signal (common
pilot signal), and control information (control
channel)) to which resources are allocated taking into
account downlink channel conditions and QoS of users.
Based on scheduling information, the OFDM signal
generating unit 518 generates an OFDM signal including a
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postpones the transmission of data specified by the downlink data
transmission stop signal. The OFDM signal generating unit 518 receives
25 the uplink resource allocation information from the
uplink-resource-allocation-information-dignal generating unit 514 and also
receives other downlink channels (such as a downlink data signal, a
reference signal (common pilot signal), and control information (control 30

charngip itﬂIWh'SBf%SO‘gF% i allepried [gifipginta-@seeiradowiication

channel conditions and of users. Based on scheduling information,

thel BEPIIREHAN geABGtdY Enitd e gerfioual Hikomhanig s - The OFDM
inciicng & - Yerdoratinkglajarsigealsthpeipfolciespulee attbeatiorDM signal
mformatlontand the ot esclcg/vnlmk fuglnnelsS i‘l’hre FDM s gssm uch as
geﬁera‘?’ng progeSS performed by e OFBM S|gq1aql ge%era INg ihics18
inohafidignal provedshsy sasts shadppiay, inveassibermedden (IFFT),

traﬂﬂ?ipﬂéﬁo&&' Esdagigital {W‘A"?'Og AN EPBYESION. AKHOrthggeRdgonal
moduflation. The OFEDM signal genérated by the OFDM signal generating.

unif8d4 athA8mitHei? p&h@ﬁ%ﬁw&“ﬁ@ﬁ EﬁJEQpIQXeét%OQEQM signal

antgnarfaetisigpwn)rid t10 thegnokle statmsmnt@dvameeomqe power
effects loI {he base %tatlocp of the first § |me t are de ”bi?d
de&Cbed above e “mobift station 38? pre ererﬂlallictransm
thetheKnphd Ednfotations. 15 prevent simultaneous transmission of

the CQI and the iGCI/NAGS, M ARRIANS FEF T 18aSeR: ‘Erﬁé’”ﬂ%@%s%tatlon

the base station 50 does not receive the CQI at predetermined intervals.

Howevef, JRedTHBE pRRR&MRGAId REeARSHFPRYrame numbers
being 20 managgd bydbe radiedraammaembehanagcibbtemetauniber 30 (FIG.

3) preferentially transmits the ACK/NACK information to
prevent simultaneous transmission of the CQI and the

own) to

ACK/NACK 1nformation. For this reason, 1In some cases,
the base station 50 does not receive the CQI at
predetermined intervals. However, based on the
predetermined 1intervals and the frame numbers being
managed by the radio-frame-number-and-subframe-number
management unit 512, the base station 50 can determine
timings (frames) where the transmission timings of the
CQl and the ACK/NACK 1information coincide. Therefore,
even 1f the CQI 1is not received at the determined
timings, the base station 50 does not misidentify such
events as communication problems. Also, even if the CQI
IS not received at the timings (frames) where the
transmission timings of the CQl and the ACK/NACK
information coincide, the base station 50 can perform
scheduling based on previously received CQIs and
properly maintain communications with the mobile station
30.

Thus, the base station 50 of this embodiment
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management unit 512, the base station 50 can determine timings
(frames) where the transmission timings of the CQI and the AC:K/NACK
information coincide. Therefore, even if the CQI is not received at the
determined 25 timings, the base statiet1 90 does not misidentify such
events as communication problems. Also, even if the CQI is not received
at the timings (frames) where the transmission timings of the CQI and the

ACITNARK Wiermagei FainddadigriPase Sigionmhedni BRT4S 3described

scheduling based on previously received CQ_s and properly maintain

cofPYReatiGiivitt e fdbilemdkfsh AL THRRSHE & SRtiohestige the
thisentiidirognteitansiwrthonabitsstatidn 80 td fvrsiesasttrscibedrage -
above, and therehy makes f possiblg 4o LelippnS. JHIBEIOf UansRYL  4p,
formats and to increase the coverage. As described above with reference

to Ef®. 4Budifae buféP31@&f th&hrobileahidthkeh 3G kALY copfiguraay be

10 PR GLVICBING AP AR KANSHI- Eedh@! e ARyt (@62 ansmit
subsequgriktg aubframe (timing) following a subframe ;tlmlng) when the

ACKIRACK Infofflatidi 1’ trdMeXhitteOhis 88Mfigu? S50 b Trame
baga breiing pOfio Noreiinenuendyisdeeire uiddtedingy I svaed itelieeralKZNACK
PRI NdpaDS ofsmoott compunieatiqae it e moble 3N 30y 1oy
Also, the sc‘%eq%llng and @-non-transrﬁi_ss-ion- perlod-o%lt'ermmlng um?

510 theasise StabhAB0 DAy 16 beasunfidwieduscbliyt the@amber opdated

timeg phen the mebilg piafersPdraniaiferaly Fie AGKNAEKs of smooth

information_beca-uase transmission timings of the CQIl and the

ACTORAEM fRdHeRR R Lidd ermeRid sy stk e % non
transmission-pepdddetetmining-titioling and CQIl-non-transmission-

period-determining unit 510 of the base station 50 may
be configured to count the number of times when the
mobile station 30 transmits only the  ACK/NACK
information because transmission timings of the CQl and
the ACK/NACK i1nformation coincide. The scheduling and
CQI-non-transmission-period-determining unit 510
determines the next timing when transmission timings of
the CQl and the ACK/NACK information coincide after the
number of times exceeds a predetermined value, and
outputs a downlink data transmission stop signal to the
downlink data signal generating unit (not shown) to
prevent transmission of downlink data. When receiving
the downlink data transmission stop signal, the downlink
data signal generating unit stops (or postpones) the
transmission of the downlink data. Since the data are
not transmitted, the mobile station 30 does not transmit
ACK/NACK information. In other words, in a given frame
where the transmission timings of the CQI and the
ACK/NACK information coincide, the mobile station 30
transmits only the CQI and does not transmit the
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?_C det_erm:_nes the next timing when transmission timings of the CQI
and the ACK/NACK information coincide after the number of times
exceeds a predetermined value, and out-puts a downlink data
transmission stop signal to the downli#data signal generating unit (not
shown) to 25 prevent transmission of downlink data. When receiving the
downlink data transmission stop signal, the downlink data signal

geReiapRACIt PIRSHARRIBIRONGS the Farsmiesiopph thedownlightion 50

data. Since the data are not transmitted, the mobile station 30 does not

trafiémit S BRIVRAERE r$8hafn ohlfh ofté@MFords! Rigivergrdhiguration
wherethedsansidisaiondipeiogs oé FE=COs and the SSCHHAICKe low.

information coingide, the maohile statjon 30 tra ot s only the CQIl ang.-

does not transm?c%?e f(])or&'gI?/NR q:lt!l o?ma%. sa r(-:ti)l{ﬂf‘,;thee ett)soe iment
stetiba Boreait reddiye tﬁémmﬁtﬁe Me.wm@urﬁﬂﬁﬁ rm@ti@s over
adypiagenusgiiesiaRATScERRA Peipveolle pPalRsRdeR 39 Bihitne ol

embodiment 5 preferentially transmits the ACK/NACK information over

thé2fe B‘Sreﬁgﬂﬁ/ﬁﬁﬁﬂadéﬁ%r thaftagsion Betifent -antithsome cases,
ACK/NASK Istermmdionmiljeratore be sabecages radepestation 00y for a
no b% ableeth f%%eiveflh% |Cm | fo Ionrqe %rri&d q:f ti{ge. TPg‘E{%%”“ iﬁe base
pro cfer%, {R&'pa2e 10 station 50 of this Embodiment 15 cc?nflgured to stop
tra$isbion obOatif th&mimbemtfaiisiewhenithe awbfiégaiemh 360 stop

refigias ERTSEIRMIGRI HedeQ! i $XCeRES HOMGSIeBIPELYRES 20then the
thereby to allow the mobile station 30 to transmit the CQI. 15 Thus, the

ba8eRtdRn 5B erdtbdirfhKadies mikedit Jo_britetefe khe CQl
updsiedeeQ! withhredpredeier mitedveerios ohtineamertbbieby® allow the

DH%%%W.QG@ %&?8%“%&”%@ transmit the CQlI.

Thus, the base station 50 of this embodiment
also makes i1t possible to receive an updated CQIl within
a predetermined period of time and thereby to properly
perform scheduling.

The base station 50 i1s preferably configured
to signal (or report) to the mobile station 30 that the
transmission of data i1s stopped (or postponed).

Instead of counting the number of times when
the CQI i1s not transmitted from the mobile station 30,
the base station 50 may be configured to define a CQI
transmission determining period as shown in FIG. 6 and
to determine whether the CQI i1s transmitted again within
the CQI transmission determining period after the last
transmission of CQI from the mobile station 30. If the
CQl 1s not transmitted within the CQl transmission
determining period, the base station 50 stops (or
postpones) transmission of data so that the CQI 1is
transmitted from the mobile station 30.



The base stat_i_on 50 is preferably configured 20 to signal (or report) to
the mobile station 30 that the transmission of data its stopped (or
postponed) Instead of counting the number of times when the CQI is not
transmitted from the mobile station 30;2the base station 50 may be
configured to define a CQI 2.5 transmission determining period as shown
;._NFIG. 6 and to determine whether the CQI is transmitted again within

the- SRt &S eGP Aigtervining period after_ the last transmission of
CQI from the mobile station 30. If the CQI_ is not transmitted within the

C(ﬁ"@gr%rﬁlsg% é@Hétermlnlng period, the base station 50 stops (or
postpones) transm|Sﬁamudfedatgwﬁhahthe70QIa@dmﬁmtjedﬁmm dhesecond

mob tlon ECOND F IMENT> (MOBILE;
nﬁB mob| ta't;tlon rgcsceor? ng oasgcond ('a‘rsnbtc)lg“r;nceﬂ%?ﬂwebelow

5 préﬁbﬁhlm@ﬁ%@m@b&%eloﬂv Awitisheferente tb F6G. 7 Astdmowipbile
in Bl i dhe Mpbde siationseiihe speeed REPedimenupelddes feceiving

receiving unit and a transmitting unit. The receiving unit includes an

ORI SigraNdemBduldEGamit #8319 dewidttatiohhd deeahgiiig unit
704rﬁ@fldmngdulamng @FDI0 deaqstiad Upldéw@agtl@;eaﬂ@caumt 702, a

mat(ﬁH dOWﬂ|Indeh3F?§gﬁua“tye ajtnu It 70 eﬁ‘q ari'atlng and

8eterm|n|ng uni %OWH ata C anne
10 trademﬁﬂn@gmt imelutiels a dr@aaemﬁjmgadrluomz;lardatalmﬁdnma@n on, a

Ui dida 3k artRGrrlA g@&i"iﬁ? 9B A KBR /1hihe AWM and  an

signal demodulation unit 702 receivés an OFDM-modulated signal from a

bab& SRR NSEIRITH RIS EN DS dadiesald Blpdifka channels.
anmphiierdr@hsmitting unit includes a channel coding unit 712,

a data modulation unit 714, and an SC-FDMA signal
15 generating unit 716.

The OFDM signal demodulation unit 702 receives
an OFDM-modulated signal from a base station (not shown)
via an antenna, a duplexer, and a power amplifier (not
shown), and OFDM-demodulates the received signal. The

20 OFDM demodulation process performed by the OFDM signal
demodulation unit 702 includes signal processing such as
orthogonal detection, analog-to-digital (A/D) conversion,
and fTast Fourier transformation. The OFDM signal
demodulation unit 702 outputs the demodulated signal to

25 the demodulation and decoding unit 704, the downlink
channel quality estimation unit 706, and the ACK/NACK
determining unit 708.

The demodulation and decoding wunit 704
receives the demodulated signal from the OFDM signal

30 demodulation unit 702 and extracts, from the received
signal, a signal including uplink resource allocation
information to be used by the mobile station 70 when
transmitting an uplink signal to the base station. The
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shown) and OFDM-demodulates the received signal. The 20 OFDM
demodulation process performed by the OFDM signal demodulation unit
702 includes signal processing such as orthogonal detection,
analog-to-digital (A/D) conversion, andfast Fourier_ transformation. The
OFDM s,:_gnal demodulation unit 702 outputs the demodulated signal to
25 the demodulation and decoding unit 704, the downlink channel quality

SHBAleR YAt TOR, anthine AeKOWIGE defeipiningunit d@othAates and

e
demodulation and decoding unit 704 _receives the demodulated signal-

frofE S BED & gnaX B RGduRligRdhit 708 anthsielys, phkaigs the
reegiMech&gnaly essignat éncluding opdinli cesourde fheomionomformation  this
to he used by the mobile stgtion 70 when transmitting gn_uplink signal- .

thREC MR Ther 2o, (URTGAALToR arit ekoting (1R 7oH-or - Seation
demblotadeand ekeuliesthetextritied B bl endsthatd®nobifinstieh  that

uplperesug allocatipp;igiPrmasion: 4p thig-ambpiMeRh&s ogdy  the
later, the base station 5 allocates resources to the mobile station 70 such

theACHRENAGH A SERSM2E L3R thinsHFRE AR RS AGKINREFT uplink
infgimaatian lyhusing FeRUSEH(PYaisabiudtink sharad ehanselKE8PH))More
used fqr.dat trapsmiss'?% MBréa gartisc%]rliyo ;[]he 'b%se Is,tﬁ%ion arﬁporéﬁ f0cated
all6aed (itﬁf?e'a%hcy and (or Bandwi ahd a SuBftame ndihbefVia
thefuelinkeresyuroanstorGeatiopantteiitiogly athts  aplsikadonadalimgumber via
infqifRatiqMpMIe [epodapdom i diasacidiion oliedPABIGYBION  this
70 via a separate signal. 15 The demodulation and decoding unit 70

alseP EifpkctS GREAHE et BEQIGRAE L& g MY cRRIinge RfdRediof rom  the
regaiding sraaddationscheree spsisifibsl bgtation 70 via a separate

signal.

The demodulation and decoding unit 704 also
extracts, from the received signal, a signal including
information regarding a modulation scheme specified by
the base station and thereby obtains modulation scheme
information. Further, the demodulation and decoding unit
704 extracts, from the received signal, a signal
including iInformation regarding a modulation rate
(channel coding rate) specified by the base station and
thereby obtains modulation rate (channel coding rate)
information.

The demodulation and decoding unit 704 outputs
the obtained uplink resource allocation information to
the SC-FDMA signal generating unit 716, outputs the
modulation scheme iInformation to the data modulation
unit 714, and outputs the channel coding rate to the
channel coding unit 712.

The downlink channel quality estimation unit
706 receives the demodulated signal from the OFDM signal
demodulation unit 702 and measures downlink channel



the base station and thereby obtains modulation scheme information.
Further, the demodulation and decoding unit 20 704 extracts, from the
received signal, a signal including information regarding a modulation rate
(channel coding rate) specified by the{2a&se station and thereby obtains
modulation rate (channel coding rate) information. 25 The demodulation
and decoding unit 704 outputs the obtained uplink resource allocation

infepRIPEION e 867D PIRkICBANAE NG (Y tsgi€ed on a

modulation scheme information to the data modulation unif 714, and

outplIOthe chaRngkoding rie ttheT 80 CRanmbPBadiAg At A3E TiReCeTved
dowhtynka ghanmed qdaliy Ebtikatbaning 170futeLetwesdbe fleaopbiateti t 706
Sigé‘&kfr‘a@ghetf?FD'\"e%{%ﬂar'egem SN [O AN MeESiES ons as a
downiiik channer-23-&ondltions (O downfink Chanhe qua%?yricgase ona

5 pil6habnekite aofetarerde sio@bl)dn tibifecéddd signal. The downlink

channel quality eg{igatior AUCOG QLI Himgeanied Aoy nigkeives the

channel conditions as_a 5 CQI to the channel coding unit 712. The

ACIERREd a&%‘ﬁ'miﬁ'hg%& 709 Rt eV eth LMo fASRA 'sigﬁ'ﬁ”f&ﬁH'ation
thai@FPM eignalrite misitdatiohn gBit (D ahd deetaines ighedher éhrarers in a

an errqr in a packet (dawnlink data ,channel) in the received signal. 10 .

TR ARSIy R S R EARNRTA T R ERERG s anar
10 errbhts défdeldihoknedates adkniovdedge | INAGK) if anteptoess detéciey ledge

to nRg! cading MRy 13 sTheehabpelicoding h’é‘&d&?\féc%\é‘?&%\ﬁledge

CQI 1571rom the downlink channel quality estimation unit 706 an

reddi¥he AEKATACK FRIrmAfondsiteet&ivnke the channel coding
unit 712.

The channel coding unit 712 receives the CQI
15 from the downlink channel quality estimation unit 706
and receives the ACK/NACK i1nformation for the downlink
data channel from the ACK/NACK determining unit 708. The
channel coding unit 712 performs channel coding on the
received CQl and the ACK/NACK information based on the
20 channel coding rate i1nformation received from the
demodulation and decoding unit 704 and thereby generates
a signal. The channel coding unit 712 outputs the
generated signal to the data modulation unit 714.
The data modulation unit 714 modulates the
25 signal received from the channel coding unit 712 based
on the modulation scheme iInformation received from the
demodulation and decoding unit 704, and thereby
generates, for each block, an information sequence to be
transmitted to the base station. The data modulation
30 unit 714 outputs the generated sequence to the SC-FDMA
signal generating unit 716.
The SC-FDMA signal generating unit 716
performs processing such as discrete Fourier
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data channel from the ACK/NACK determining unit 708. The channel
coding unit 712 performs channel coding on the received CQI and the
ACK/NACK information based on the 20 channel coding rate information
received from the demodulation and d2d8eding unit 704 and thereby
generates a signal. The channel coding unit 712 outputs the generated
signal to the data modulation unit 714. The data modulation unit 714

mogeipeFdigmePitianal repety§d fromgilisehiginiel codingdiitng'2 P§sed  the

on the modulation scheme information received from the demodulation )
andl 'RAVERGN ol RAnB3R&ELpY ydisatdR Itk ak R BRYLKCEn @l Tocation
infamfaionatapienee ke e deanenitte drilocthelbase skdibhomheadatadecod i ng

maodulgtio unit 714 outputs the generated sequence tg the SC-FD
S et 0dng AAYSEEETASK PRGTR S NS (AR e
pegommagebcetsingatich e bilscrptecfduriks -24- tissfeatuengeFmeceived

sulpgyHeR@PAREAN HRi[IPIHPORY dATRITRASedPRy t*’@n%ﬁgy CoeéPates

allocation_information received from the demodulation and decoding. unit
703Ninvetsd R FoRliePadnsfmdiRon GERTSBI @ dddliba ot BEREK-  The
prefixas catibd sSUaFDRAeceiRth frorishetdata snddttaébnwind 7theangdower
thereb nerates_an SC-FOMA signal to be fransmitted via uplink. The

it Ly clmmuihaas CoG et ikt b Cifios ORI EEES
dupleaéd @imd the antenna to the base 10 station. Thus, based on the

uplink resource gligration, JjegmaliPngRROTEMA AR t%@éﬁ%@%&aﬁ’l@éaﬁon

mobile station 70 of the second embodiment allocates the P

spdafed ’B??H@Baé’eeﬁgﬁéﬁ?% &I Lhe thass nekakAek. the mobile
inferraativrsurd tiodt theyearegouliglesethddiment allocates the PUSCH

specified by the base station to the CQl and the
ACK/NACK information such that they are multiplexed. In
other words, the CQl and the ACK/NACK i1nformation are
transmitted at the same time to the base station via the
PUSCH.

(BASE STATION)

A base station 80 according to the second
embodiment of the present invention iIs described below
with reference to FIG. 8. The base station 80 provides
communication services to the mobile station 70 (shown
in FIG. 7). As shown in FIG. 8, the base station 80
includes a receiving unit and a transmitting unit. The
receiving unit includes a synchronization-detection and
channel-estimation unit 802, a coherent detection unit
804, a channel decoding unit 806, an uplink channel
condition estimation unit 808 for estimating uplink
channel conditions of users, a scheduler 810, and a
radio-frame-number-and-subframe-number management unit
812. The transmitting unit includes an uplink-resource-
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other words, the CQI and the AC?K//NACK information are transmitted at
the same time to the base station via the PUSCH. 20 (BASE STATION) A
base station 80 according to the second embodiment of the present
invention is described below with referébee to FIG. 8. The base station 80
provides communication services to the mobile station 70 (shown 25 in
FIG. 7) . As shown in FIG. 8, the base station 80 includes a receiving unit

and PGSO ERYiFL Fhg L RGSLIGHATT NGBS A ing unit 814 and an
synchronization-detection and channel-estimation unit 802, a coherent

detdci¥n Shanada aeassHE! 08RG LB Bo6, an uplink channel 30

condition estimatibe unis§e& for@siimetingriptisitedheinoal coaditionsapfanne I -
useisy freehsauler 249 ansba radiodiame numberRnd b iame e ons
managemen unit . e transmitting uni includes an uplln -resource
-25rdllocatorE kgomradtionnsignalsgerfdratiey unif 81thend syrohbanization-

sigfateersaHN It SdRahhe F%%*i’?ﬂgﬁ%'d‘ﬂﬁ‘i@“?@ﬂdCBWr‘ﬁhe base

estimatign unit 802 has substantially the same functions 5 an

corffGkAfbhs 29thoSE Y t 'nedyn@Fonithfon ddiEeton gRgodiment.  The

chaomehestitmae tentiohSAhdftth@basen atatisn b8 €EHXi% Ifyhetfirst same
embodiment, The c&hergrrllt'ﬂetectiq:n unit 804 ha% substantjﬁlllytwee S

ame
oA KR Cominraiand AAHENIoY The BSholdh 1D detoctareunoerent
50detertiase statdn 5OE1G15) thehdase embadingmt. Kso(kfH& . 5) of

chappe! §550ndemio 8RR ERe subdapially e semeiHettions@ding unit

configurations as those of the channel decoding unit 506 of the base

statoR 50 (3G, 5) SHRE HrR EHIdment NS Thetdife, debenpidnss  and
thaseriFiigaraoioiied Asrechose of the channel decoding unit 506

of the base station 50 (FIG. 5) of the first embodiment.
Therefore, descriptions of those units are omitted here.
The uplink channel condition estimation unit
808 receives an SC-FDMA signal from the mobile station
via an antenna, a duplexer, and a power amplifier (not
shown), and estimates uplink channel conditions (or
uplink channel quality) based on a pilot channel (or a
reference signal) iIn the received signal. The uplink
channel condition estimation unit 808 outputs the
estimated uplink channel conditions to the scheduler 810.
The scheduler 810 performs downlink scheduling
based on quality of service (QoS) of each user, such as
a requested data rate, a buffer status, a desired error
rate, and a delay, and on the estimated uplink channel
conditions received from the uplink channel condition
estimation unit 808. Also, the scheduler 810 selects
destination mobile stations (more particularly, user
numbers) and determines allocation of uplink resources
to be used for communications by the selected mobile
stations (hereafter, for descriptive purposes, the
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The uplink channel condition estimation unit 808 receives an SC-FDMA
signal from the mobile station via an antenna, a duplexer, and a power
amplifier (not shown), and estimates uplink channel conditions (or 20
uplink channel quality) based on a pile2€kannel (or a reference signal) in
the received signal. The uplink channel condition estimation unit 808
outputs the estimated uplink channel conditions to the scheduler 810. The

schequier@tP PRAgMSdowphiRk sFreduliag Z%QaS%SPéE@i?’fe‘éf by the

service_(QoS) of each user, such as a requested data rate, a buffer

st 16 REFEAQrof Ohte, AL GEIay thSd SR SSdGhatelipiRke TVesS .

ch:_frimi conditimh@received'ﬁdritihﬂtmﬁéknhmb@ei-mndit@nbfsfam@timmber
unit 808, Alsoh he &ﬁlﬁduée_{flo sel$cts 30 destlrkl)at ons

nanagemne (Yqne oo e'Ton oF bge %L?’%lr&e to be
(more particularly, user num érs)aan etérmines allocation of uplin

reses@ces hy bethised fiwlzbhenusitatidenby the stectdd ansiié tstahiok€NACK

(heyReBemARr HSCTIRY VedME POSES N es B8t #6I§CLBY MOKiIRSIGHIAF S1B-ame -
be represented by the _mobile station 70) . Further, the scheduler 810

redBRRE TG dns ¥ I 88 s ratEnRG b aiRes s e tithfoef12 manages
mafegesenumbié B32,@rgmg suifarpiea frameéabe §ussddyrihdn FIGs.

mople SiicadP iniansy AGICI dalermaton o e hase SR /nack
80. The radio-frame- nurib€r-and-subframe-number management uni
maktzifesmadrhemumbers (e.g., subframe numbers as shown in FIGs. 4A

and 4B) used byypghile statigpg,to trangipt AGKENACK d9dnformaliqs rmines

Also, the scheduler 810 determines transmission .imings (subfr_ames) of

thtEISREIRA CRC KRR BRI forkPHRRARIR e dbildSiaol@b. @fed the
schakendlO cinfieteratiethe fiemsmispion owplef station 70. The

scheduler 810 can determine the transmission timing of
the CQlI because 1t 1is transmitted at predetermined
intervals from the mobile station 70 as described In the
first embodiment with reference to FIGs. 4A and 4B. Also,
the scheduler 810 can determine the transmission timing
of the ACK/NACK information based on the frame number
received from the radio-frame-number-and-subframe-number
management unit 812.

Based on the determined transmission timings,
the scheduler 810 determines allocation of uplink
resources. For example, when the mobile station 70 is to
transmit only the CQl, the scheduler 810 determines
allocation of uplink resources such that the PUCCH 1is
allocated to the CQI. Meanwhile, when the mobile station
70 i1s to transmit only the ACK/NACK information, the
scheduler 810 determines allocation of uplink resources
such that the PUCCH 1is allocated to the ACK/NACK
information. Meanwhile, when the mobile station 70 is to
transmit both the CQl and the ACK/NACK information, the
scheduler 810 determines allocation of uplink resources
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15 the CQI because it is t_ransm.tt_ed at predetermined intervals from
the mobile station 70 as described in the first embodiment with reference
to FIGS. 4A and 4B. Also, the scheduler 810 can determine the
transmission timing of the ACK/NACKZnfermation based on the frame
number 20 received from the radio-frame-number-and-subframe-number
management unit 812. Based on the determined transmission timings,

thesghed =310 grtermipas alerptiopf UK /fEEOKCqH FOFmation are
example, when the mobile station 70 is to 25 Transmit onlj the CQlI, the
scﬁ%’oﬁﬁé

Pd X8 etRintECaIlbEabh dNaink PedRFRIdEnUREhEOr data
PUCGHss idlofaied tahesCOb INeanvgiileeddbirihe inobiesiatibon 7tay be
is to tranl;s,{neit or\llly the ACK/NACtK infarmatipn, the scheduler 810

determimes Allocafiof o?ggﬁ‘nrl-(are%oﬁr'c%g% “suet-i that the PUCCH is

allocated to the KUK/I\Medhtﬂ!matﬁﬁQ Metitptils, \/\MMQF@ﬁﬁﬁbilgfeSOU rce
staligRyrs tq agsmi_Lhethdpe £ RAFHNAGK ipBFmBLARwi dth)

the scheduler 810 determines allocation of uplink resources -27- such )
thate B B RMAe AEIORIEDK ForkiigioRAd NifukpRAUEGR Rd 1ocation-
PUSM thattd oausaynadedfendatat inagsmissiong1his aplinkthe coherent

sch &ulin informatign be ,reported via a separate signal .5 Th
SR E AR TAAE B0 ea T8 SRR SfondfBouts the

fregedeeytieahdss@r banawiitsy &ad Shiframd nuknbeespiorthe vpkdlecation-
re%ﬂﬁ&%ﬁngmﬁmt%ﬂaPalmberqswwn@§44 and thEhS channel

coherent detection unit 804. Also, the scheduler 810 outputs the 1
seRBRRAIY rier8@8 the uplink-resource-allocation information-signal

generating unit §lfeand theshankel rdecngieg uail BeGattien-information-

upgrilgheéspur%ee-ﬁgcg%a{i%anfo&wla ion3314 associates the allocated
resource numbers with the allocated user numbers to
generate uplink resource allocation iInformation and
outputs the generated uplink resource allocation
information to the OFDM signal generating unit 818.

The OFDM signal generating unit 818 receives
the uplink resource allocation information from the
uplink-resource-allocation-information-signal generating
unit 814 and also receives other downlink channels (such
as a downlink reference signal (common pilot signal) and
control information (control channel)) to which
resources are allocated taking into account downlink
channel conditions and QoS of users. Based on scheduling
information, the OFDM signal generating unit 818
generates an OFDM signal including the uplink resource
allocation information and the other downlink channels.
The OFDM signal generating process performed by the OFDM
signal generating unit 818 includes signal processing
such as mapping, 1Inverse fast Fourier transformation
(1FFT), digital-to-analog (D/A) conversion, and
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signal generating unit 814 associates the allocated 15 resource numbers
with the allocated user numbers to generate uplink resource allocation
information and outputs the generated uplink resource allocation
information to the OFDM signal generaZiig unit 818. The OFDM signall
generating unit 818 receives 20 the uplink resource allocation information
from the uplink-resource-allocation-information-signal generating unit

814 ApRGHIM FACEIVGa IR iRk Shayiisils @Pﬁﬁa@s BERBPHREd by the

reference signal (common pilot signal) and _control information (control

chfieh) & @R M@S%é@%ré@lfdéat%%ﬁawﬁg ﬂ%ﬁ?ﬁé@b&ﬁed via the
dopoliel champbi ddrditjonsthed Qop béuesrs. Basdd arhechethtisgna  (not
mformatlolﬁ {he FDM S ni;\l ge%er@tln% unit 818 generates an OFDM
S|gnaP|nc dlngt e uplln resource al%catlon information and the other
downlink channdl§iwen, ThéherDrhsigms yeheragiigbictesd Ber(brhted X)) is

theeQFPPYnsiane! BRIERREHEUBDTLENFIUESS SIGNSNPERIESHINEo PHER 8N at
mapping, inverse_fast Fourier transformation (IFFT), dlgltal -to-analo
(DM)&onddIGiohI ARd BB HihoB8™a nTIRAAIRIH. %%}%Q?U er 810

geodratededy misé)FQﬁétIiJ@al %Oerémgmi@lénﬂ)tbdﬁmiﬁtd detbkemines
powpq ampjitier, the duplexer and the antenna (not, shown) to the mgpi -
PLBERYEL L BT U Gl

sta?ons F‘IUS W%en e moblle ' Staton 98 FI .
theadQpeatiade ACKNECK GForardiothe tHEKANAGIneltothehatdon, and

Sta{'ﬁ@ 80, il sehestylen 10 ik the-Bage, pladien 8% thiseippedimento  the

determines allocation of uplink resources such that the PUSCH is 10

allBRAd %o the I thé AcKYNACK Wb ARKtion' 8R8UReIlo&ld@cation
uplinkressoacRsrare Teportedid lke sebieetating 7pPetaivpinkeasowlted  and

a“%ﬁngCK/NACK information to the base station 80 based on
the uplink resource allocation information. Accordingly,
the CQl and the ACK/NACK information to be transmitted
to the base station 80 are not multiplexed in the PUCCH.
This i1n turn eliminates the need to provide transport
formats for multiplexing the CQl and the ACK/NACK
information In the PUCCH and thereby makes it possible
to reduce the number of transport formats.

Although the present invention 1is described
above based on various embodiments, the present
invention is not limited to the above embodiments and
variations and modifications may be made without
departing from the scope of the present invention.

For example, in the mobile station 30 of the
first embodiment, the buffer 310 determines whether the
CQl and the ACK/NACK information are to be transmitted
at the same timing (subframe). Alternatively, this may
be done by a different component of the mobile station
30, or an additional component may be added to the
mobile station 30 for this purpose. Also in the first
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information. The mobile station 70 returns the CQIl and the ACK/NACK
information to the base station 80 based on 15 the uplink resource
allocation information. Accordingly, the CQI and the ACK/NACK
information to be transmitted to the bag@-station 80 are not multiplexed in
the PUCCH. This in turn eliminates the need to provide transport formats
for multiplexing the CQI and the ACK/MACK 20 information in the PUCCH

and Hhgygpiéenakes ¢hrosslierde reduse jae BHW’P%E] AHEANSA9HREBISe the

Although the present invention is described above based on various_ )
enffolinErRd HEsre NS s EeRaEhiEHA] Hy agestimation unit
engEeimanis archa5 vasaiorscand nofificatien® mayfremadenaithd@k /NACK
departing from the scope o present invention. For example, in th

e A o 0 Gl bt ot Cnd ey 510 iER kg cput. the
wh@efNAEKC Qi afd 1ieaATEYNA. CK intdimation hre @risk trdienitté BENACK

at fierAhatvung Grirags). plerpalivln ifeBdiVabe 9RE Wahe timing

different companent of the mobile station 30, or an_additional component

meBRLGAEE b th@SmBBilcP &SNS tyehis PuF ey a8 thd st mobi le
-2Sentiedimesn, thedyuffefuddtnis configaragde reseivethe BrJdoimgheunit
downlink channel quality estimation unit ,306 and the ACE./NACK .
B T A ER T A MR AT Y KB IAGGn unie 30
pr@fedentmlng odqwff_mr5 /SG:HANAMKeinfqrﬁ’fmiorﬁm_ haml_Dl_ Ahet 'AEK/NACK
AGH{F R oM aliPe 2i6sto Be Uraansd et die safefifindsame  timing
(subframe) . As an alternative configuration, the mobile station 30 ma

furfRidieae d cdfo &ty Mp%i\nser%bfdowrmﬁﬁf&ﬁénﬁél%u%@ from
estidatgn U6 1:€oanditiee bofferai0. Bien e CHand thee ACK/NACK

A LT M Lo MO ER AT e AN SHPSH MRS buffer 310.
As described with reference to FIG. 4B, the
buffer 310 may be configured to temporarily store the
CQl when the CQI and the ACK/NACK information are to be
transmitted In the same subframe and to transmit the CQI
in the next subframe following the subframe where the
ACK/NACK i1nformation is transmitted. Alternatively, the
buffer 310 may be configured to transmit the CQI i1n any
one of the second and subsequent subframes after the
subframe where the ACK/NACK information is transmitted.

Although the present invention 1is described
above i1n different embodiments, the distinctions between
the embodiments are not essential for the present
invention, and the embodiments may be used individually
or In combination.

The base station 50 of the Tfirst embodiment
includes the scheduling and CQl-non-transmission-period-
determining unit 510 that stops (or postpones)
transmission of data to the mobile station 30 if the
number of times when only the ACK/NACK information 1is
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subframe), the CQI blocking unit prevents the CQI from being input to the
buffer 310 so that the ACK/NACE. nformation is preferentially output from
the buffer 310. 15 As described with reference to FIG. 9B, the buffer 310
may be conn g-uar_ed to temporarily sfte the CQI when the CQI and the
ACE./NACE. information are to be transmi_t ted in the same suhframe
and to transmit the CQI in the next subframe following the subframe

where figm (e &K (RAEK chformationys rangplied, fHesepliveludbeds a
buffer 310 may be config=ed to transmit the (.QT one of the second and _

subSSSIRERTMANGH ARdUSHerkRe teAst dtfe RRERPHROAERINARERTPONTNG)
infanreatsmiis siems maiedd Athougis therprasent bageenyeatd descgbedf the

2.5 above jin differgnt embodiments, the distin ti%nslbetween th&

e%lond embodimen he schedtling ™~ an: CQI-non-
embo iments are not essential for the present’ inventior, and the
enbogirBaiis IRy bpesédhdlgtaani of igcombindion. Thébasemay  be

statign B8 fifg ergQiegnt 3R iNrbiIdePdNe seRGBIIN8E 40 transmit
CQI-non-fransmission-period- det errn;:_nlnﬂg unit 51.0 that stops (or _ )
podfpBnesy haidfd sdbie of Aake THHE mbBFOERRBACK ifke MhbEPAEXING
timgisenhamodieh@ BSBEHNACK information is -30- transmitted (the CQI is

not transmitted) exceeds a predetermined value. instead of stopping (or
postponing) rar e BB LD o e e RO kRS sp0 @

embobkawst; the scheduling and CQI-non 5

transmission-perieg-gpigfYNiIngd/nih S1Ppay be, SRBHUIEsiio et resent
the_mobile station 30 to transmit the CQI and the ACKJNACK information

by HYERERRG > them TP PUSERL AR aABGd B deRamas hisgual ity
besxpiesseil@as Lo iallosshfigured to estimate downlink channel

quality based on a signal from a base station and to
output the estimated downlink channel quality as channel
estimation information; an acknowledgement information
determining unit configured to determine whether a
downlink data channel from the base station is correctly
received and to output the determination result as
acknowledgement information; and an acknowledgement
information prioritizing unit configured to cause the
acknowledgement information to be preferentially
transmitted to the base station i1f transmission timings
of the channel estimation information and  the
acknowledgement information coincide. The
acknowledgement information prioritizing unit is
connected to the channel quality estimation unit and the
acknowledgement information determining unit. When
receiving the channel estimation information and the
acknowledgement information at the same time, the
acknowledgement information prioritizing unit discards
the channel estimation information.

According to a second aspect of the present
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According to a first aspect of the present invention, a mobile station
includes a channel quality estimation unit configured to estimate downlink
channel quality based on a signal from a base station and to 15 output
the estimated downlink channel quality3s-channel estimation information;
an acknowledgement information determining unit configured to
determine whether a downlink data channel from the base station is

COyRUBN t4ERVEdANIB PHPUS edRIRTMIRRIRIHES Uk ahAnnel quality

acknowled%ement information; and an acknowledgement information

priGRIARG H@thﬁbh?e&&ﬁfai%‘értﬁg dekn&ritligetntiarsHtasn ehannel
bequefkiayialhasedsmittedtoslighate ftaton ibtranssussoratiogs aid to
theehanne! eximaliqn ymaten aniig 23 acknapiedeman o
mformgtlon coincidé. The ac nowlelagemen Information priori |¥|ng unﬁ
copsdaeatd o clfnaffmr@hitsyrastirﬁ&tioﬁ@lﬁﬂcamhaﬂgemght information
aCkRAWBASATRY! INITRLIOB SSISTAIIMEE Unito!MeR £874IYRE tNGhether a

channel estimation information and the 30 acknowledgement information

ot ARkt SRRABRILALERTENERforhtBn TSR LRicor rectly
diseatsisi Yerichaimel esmadigepofermatien. Akcpsdingriatisacondesult as
asnegt of e Areseat31- ivenion, & mobie siaon ingludes g chapngl enent
quality’ estimation uni configure(ﬂo estnrate §Ownlink thadhe quality d

bagedonradigoal fromi® badd gnon and o eapliperstimied cause the
dowalinlo RN AEARY aSithpdpRbR fefmatiqpinforpation,aa ferential ly

acknowledgement information determining unit gonfigured to_determine

whEHiEISD bbbl QatkRPaRASSrort HelRss e itarbrAg B iesdypn timings
recefved an@to ogtmaih Hieldeteptipiiae fesult ad rekkpewtetgemenind the

'nf%rcrﬂ%t'cgjvw gHS@n?e%(%(nOWIedglerq]F&tmation coincide. The

acknowledgement information prioritizing unit is

hannel
IS

connected to the channel quality estimation unit and the
acknowledgement information determining unit. When
receiving the acknowledgement 1i1nformation and the
channel estimation information at the same time, the
acknowledgement information prioritizing unit
sequentially outputs the acknowledgement information and
the channel estimation information such that the channel
estimation information is transmitted after a
predetermined number of subframes from when the
acknowledgement information iIs transmitted.

According to a third aspect of the present
invention, a base station includes a frame management
unit configured to manage frame information indicating a
frame where a mobile station transmits, via uplink,
acknowledgement information for at least a data channel
transmitted via downlink; an allocation information
signal generating unit configured to generate uplink
radio resource allocation information based on the frame
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10 nformat_ion prioritizing unit confi_qured to cause the
acknowledgement information to be preferentially transmitted to the base
st_at_i_on transmission timings of the channel estimation
;._nformar_;:_on and the acknowledge#dent ;. nformat_: on coincide. The
15 acknowledgement information prioritizing unit is connected to the
channel quality estimation unit and the acknowledge er.t :_nformar_;:_on

defgrdmdigH; Whaiy receiving-he @erkATWEdoempet KSRl ed  to
the channel estimation information at the sametime, the ? C o
acKSHREAYER enPRRS thatidn Pt firgRinkn TodRahlialy ogiplinithed when
acnrewisndesgohinfeimaiigsansif thelthanad! estioatiart Fdarmatiformation
such that the channel estimation reformation is transmitted after .
oreorriHE R Y SORARIEE o FIARLCD 5 1FON- the mobile
acl&i’rﬁiﬂédgem@immi@fmatiqn. is t_r_ansmitt_ed. Accor_di_nq to a third

aspect of the pregegh RSO basersiaien inglides & f8Fe the present

management unit configured to manage frame informal-ion

i nHIVERGIRE a fPanRkARRere bhamL stiatphdssnits, URlginRagRoement
ackndvtledgerneguinéarmedonderaajdefatandatachianmelt ¥ensmiteiloazing a
dogpiilc an lgeation informayion sianaj agneraingpitconfioyied 19,y iy

generarpe up\ﬁ/nk radid resource Sllocation information based on the frame i
-32Ghopmbecgenend ddtefioirmataoin cditiguedd thedsiermindpasedhannel

on¢he fampceimayes, a HBUrA YhERD rapsMia§T e 0diBINIS Phformation
channel estimation information and the acknowledgement information

frord Si2ahobie e EREBALoinIdd AEn%}Ei'n%%eéjfo&m agsae o tise uplink
prasedi dnvertionradast bsdwoioeludesarfiund oranegeaendrunthe frame

coRiigpd g fnae fiage InforpakiopiiAsAiNY dnit  configured to
determine, based on the frame information, a timing when
transmission timings of channel estimation i1nformation
and the acknowledgement information from the mobile
station coincide. The determining unit counts the number
of times when the transmission timings of the channel
estimation information and the acknowledgement
information from the mobile station coincide, and 1f the
number of times reaches a predetermined value, outputs a
signal requesting to stop or postpone transmission of
data.

According to a Tifth aspect of the present
invention, a base station includes a frame management
unit configured to manage frame information indicating a
frame where a mobile station transmits, via uplink,
acknowledgement information for at least a data channel
transmitted via downlink; an allocation information
signal generating unit configured to generate uplink
radio resource allocation information based on the frame
information; and a determining unit configured to
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frame where a mobile station transmits, via uplink, 10 acknowledgement
information for at least a data channel transmitted via downlink; an

allocation information signal generating unit configured to generate uplink

radio resource allocation information b&3d on the frame information; and

a determining unit configured to 15 determine, based on the frame

information, a timing when transmi_ss;:_on timings of channel estimation
infeationi 389 the deknMegorm RO RFeRHIRET B1e, MaPH&iming when
station coincide. The determining unit counts the number of times when )
thtr @RS AIMidddnEE cidhnshanasinek 1ABiASHon LhEAHEation
ackimiviedpemeat knivwhatige ironttheimebienateiion cofmaige, artebif theobi le
numpet pLHmes eachge & Apdstermined s, olRYIS & SR gerermines
requesting to stop or postpone Transmission of data. 2.% Accordingto a
fiftkepeti ofithg petenvhiwntidi)e bisessnbasicndet iligs of the
mafRgement ¥8§ FARISYRY PePALt flamedparmatdondedirdingagement
frame where a mobile station transmits, via uplink, acknowledgement
inf8MTRISPAE! QPleadt @B ata Erann 8100 Snsnited tRovihRCASe .  the
alledetiondnfpomationfsigneat §enersting anit cenfigusad tpganeiate gphel ates

ragig Lesoupg Alocaln Inarnalion based g e e IHPHPAUGT 309 thae
a etermlrﬁng unit con |gure5?o % d%termine, 8asecpon tﬂe rame

infomusgRs, atimeing vaiehl eansitbsklomtimibgs of chamndlestiliagon channel
infaiglione POH the gakpewiRdgRaENt infgrpnationgrem thepRhitgy 1edgement

station coincide. When the determining unit determines 5 the timing at

whidHREMAIAN MR tifTingLAARE BRdherRafAGRon information and
the acknowledgethent piresaation fiore ireatinbile Btatigipddioaideothe claims

priority from Japanese Patent Application No. 2007-258107
filed on October 1, 2007, the entire contents of which
are hereby iIncorporated herein by reference.
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allocation information signal generating unit generates the uplink radio
resource allocation information that 10 causes the mobile station to

transmit the channel estimation information and the acknowledgement
information via an uplink data channek.3/xe present international

application claims priority from Japanese Patent Application No.

2007-258107 15 filed on October 1, 2007, the entire contents of which

are hereby incorporated herein by refgjenggs-34- CLAIMS 1. A mobile

station, comprising: channel quality estimation unit configured 5 to

estimate downlink channel quality based on a signal from a base station

and to output the estimatssidewalitktdlanneat ouplity sbrepannel

estimation informatign; an acknowl ment ipformation detetminin it
configured to de?errr? E'l%QN eeithe(? %a?]f(j)%vEMinl?agt'almi% %anHQI';?omcé%% gured
bat® stagén reder reddynddaiNe dairanedutpiiald tigtelras@dororesalt &d gnal

ackioyedognent SHUFRtiaNaAkd #8 askipupdermeasiPiarBie down I ink

prioritizing unit configured to cause the acknowledgement information 15

to GOFREvR et KiXsARtde BNAE base iRkl ntAfoLgation;
t,._mings of the elannelokadebtidigéoe neforniaiovanrctitn determining

acknowledge t information coincide. - 2. The, mobhile station,as claimed
STk i e ARG HOLBRARTRC data
is cdraeeedd thrthe clthendraselitp Esdrhationt enicandaqgly received and

aCkRPWIRIBSTREN A MIRHAL HRIRHRITHI UPds It 2a¥NeRIGfEMBligement
the_channel estimation
information; and
an acknowledgement information prioritizing
unit configured to cause the acknowledgement information
to be preferentially transmitted to the base station if
transmission timings of the channel estimation

information and the acknowledgement information coincide.

2. The mobile station as claimed in claim 1,
wherein

the acknowledgement information prioritizing
unit Is connected to the channel quality estimation unit
and the acknowledgement information determining unit;
and

when receiving the channel estimation
information and the acknowledgement information at a
same time, the acknowledgement information prioritizing
unit is configured to discard the channel estimation
information.

3. The mobile station as claimed in claim 1,
wherein
the acknowledgement information prioritizing
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reformation and the acknowledgement reformation at a same time, the
acknowledgement information prioritizing unit is configured to discard the
channel estimation information. 30 3. The mobile station as claimed in
claim 1, wherein the acknowledgemen8®formation pr_iorit zing -35- unit
is connected to the channel quality estimation unit and the
acknowledgement information determining unit; and when receiving the

ackpreqecBeRhaiFERlen AR i ARRINE GIMRYOREYIRANh unit
at a same time, the acknowledgement information priorifizing unit is

k
coffsliretnNB s&ﬁ,@ﬁﬂﬂlhﬁg%’ﬁ?ﬁg adkHRNBaddABNt dRERTEAGI BHg UNIT;

theaglthnnel estimation information such that the channel estimation

information is tragiemitad LORfier 2 -predetemings oymber of subfamES ¢on
from when the acknowféd%ement%formatlon. |sot_ran oCx 4N PASK

staaiod, ddmeprchasined: fragdel mathgemdntfiarinedifigoredto manage time,
15 fiene iiRIPBAIRYGEIRSHRI SFaPeE B8R MOPI® SR HESTRIt  is
via uplink, acknowledgement information for at least a data channel

traRSMRALNE dolAlinREMERT EfddatioPitRat D Sigras keurkghgement

20 imftoaandigied tagendiate dplmkrediogesdurae iadlpcattfoinferaaiionsuch
ba %d %n Iﬂe frame inforinatioq:.-S. The base station q:sclaimed ir)tclaim 4

a e .Ch%’le es |mat|op ”f' orn&at |aon 1S transmitted
further comprising: 25 a determining unit configured 1o determine, based

onaffderante infoedaterd ethgwmber of subframes from when the
acknowledgement information is transmitted.

4. A base station, comprising:

a frame management unit configured to manage
frame information indicating a frame where a mobile
station transmits, via uplink, acknowledgement
information for at least a data channel transmitted via
downlink; and

an allocation 1i1nformation signal generating
unit configured to generate uplink radio resource
allocation information based on the frame information.

5. The base station as claimed iIn claim 4,
further comprising:

a determining unit configured to determine,
based on the frame iInformation, a timing when
transmission timings of channel estimation information
and the acknowledgement information from the mobile
station coincide.

6. The base station as claimed iIn claim 5,
wherein the determining unit is configured to count a
number of times when the transmission timings of the
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ransmi_ss:_on timings of channel estimation information and the
acknowledgement information from the mobile station coincide. 30 6. The
base station as claimed in claim 5, wherein the determining unit is
configured to count a number of times3fen the transmission timings of
the -36- channel estimation information and the acknowledgement
information from the mobile station coincide and if the number of times

reaghies felre QRIpTRREH oIS ntPIHBE 851 9RAL C QRS ISR Xigement

postpone transmission of 5 data. 7. The base station as_claimed in claim
5, WHORERAHAN thEreRRinG Rk bR et AtdOme GREAG 186V thEF  the

tranambess;: o t imeringaat Heschanmee détestiniation ivtelnatortandutput

the_ acknowledgement ietormasi:on fr%m the mabile station c€incide the .
a_signal ‘reqiesting to stop or postporie ransniiission of
allocatior reformation SignaFgenerating unit is ‘contigured to generate the

uplileiteadio resource allocation information that causes the mobile station
to 15 transmit the channel estimation information and the
acknowledgement information via an uplink data channel. 8. An uplink

transmission mefhod PefrorReoy SLALBM st@don Cha iRgfhodn claim 5,
comipepaprineystaps oie2 Odestistaiingidyvnlink chaleted auiliydhashd oeiming
a signal fhomabaéﬁ statipn_and outgutting tq:e. estimated q_owq:l'nk

a W 'ﬁh e ﬁransm!.s m? Pml_nég& ofT. e .. channel
channel quality as channel estimation "information, ermining whether a
dogakidkaittothannd nd® froaittherbase 8tad ;: orthRecorreatkreegiledgement
a”g nFEPHERPSAe dgipsminapR respl PR knQYiepSMeNE JfRETAECN: the
an

allocation information signal generating unit 1is

configured to generate the wuplink radio resource

allocation information that causes the mobile station to

transmit the channel estimation information and the

acknowledgement information via an uplink data channel.

8. An uplink transmission method performed by
a mobile station, the method comprising the steps of:

estimating downlink channel quality based on a
signal from a base station and outputting the estimated
downlink  channel quality as channel estimation
information;

determining whether a downlink data channel
from the base station 1i1s correctly received and
outputting the determination result as acknowledgement
information; and

if transmission timings of the channel
estimation information and the acknowledgement
information coincide, preferentially transmitting the
acknowledgement information to the base station.

9. A downlink transmission method performed by



if transmission t_;:_mings of the channel. estimation information and the
acknowledgement 30 information coincide, preferent_,: all_y transmitting
the acknowledgement information to the base station. 9. A downlink
transmission method performed by -3734-base station, the method
comprising the steps of: generating frame information indicating frames
where a mobile station transmits, via uplink, downlink channel estimation

infarmpaliqn ad e WigAeemerhadeBNBYG: NG 48l Lepps! of -
transmitted via downlink; and generating uplink radio resource allocation
information baseEOE ARG e THBMRatypformation indicating frames

where a mobile station transmits, via uplink, downlink
channel estimation information and acknowledgement
information for a data channel transmitted via downlink;
and

generating uplink radio resource allocation
information based on the frame information.





