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-1- DESCRIPTION MOBILE CC) MMI NI CATION SYSTEM,

TRANSMITING DEVICE, RECEIVING DEVICE, AND METHOD 5
TECHNICAL FIELD The present invention generally relates to mobile
communication technologies. More patdieularly, the present invention

relates to a mobile communication 10 system, a transmitting device, a

receiving device, and a method employing next-generation mobile
communication technologies. BAGKERQBENHART 15 In the field of

mobile communication, successors to the third-generation mobile
communication system are being discussed by a standardization group

called 3UPP. Fonegample, LoDigMTeme Eveotion (EYE)EM be -IMRANSMITTING

di as ?ﬁ&g— ile_co n,i IQr. 20 system to
W%g?@%ﬂgr?gggei downmgci‘e%@c@eg?ﬁ@PA), and high speed

uplink packet access (HSUPA). A successor mobile communication
systepHiQIlcl issqlgp ppeing discussed. In such a mobile communication
system, one or 25 more resource blocks are allocated to user devices

both in downlink Bd upfReESEmMREBhECResBEREHIdRS aFelates  to
shaisdithemuinimusdicdavices intbernystbng lleseacivewefraparctiionlarly,
SRl L e paoe siation nerjormoa rocess ol schedingigaion
sel_ect (HET 30 Jevibes §0 Which resotrce blocks are 1o be slictated.
sublysrtienmayalbbarrsosEt engatienitsion tend Beavsli PTHemice, and a
doppaliniodne ds SYAIRY UARSRIYR ML SHANRBLHAIRO BB AT eation

resource blocks to user
technologies.

BACKGROUND ART
In the field of mobile communication,

successors to the third-generation mobile communication
system are being discussed by a standardization group
called 3GPP. For example, Long Term Evolution (LTE) 1s
being discussed as a successor mobile communication
system to W-CDMA, high speed downlink packet access
(HSDPA), and high speed uplink packet access (HSUPA). A
successor mobile communication system to LTE 1is also
being discussed.

In such a mobile communication system, one or
more resource blocks are allocated to user devices both
in downlink and uplink communications. Resource blocks
are shared by multiple user devices iIn the system. In
each subframe of, for example, 1 ms, the base station
performs a process called scheduling to select user
devices to which resource blocks are to be allocated. A
subframe may also be called a transmission time interval
(TT). In downlink, the base station transmits a shared
channel wusing one or more resource blocks to user
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devices selected in the scheduling. This downlink shared channel may be
called a physical downlink shared channel (PDSCH). In uplink, user
devices selected in the scheduling transmit a shared channel to the base
station 5 using one or more resource bibcks. This uplink shared channel
may be called a physical uplink shared channel (PUSCH) In a
communication system where scheduling of radio resources is performed,

It ig186GRsSaNs I gald 1q AOrisROLLARLRIIPA NTOFMRGUOTHINHG BR'8Hared

channels to user devices basically for each subframe. As a downlink

coftaUMahnBRr Bfis SRhARth, 2 PRYSESHoWIaYM dokrsiRAkRRechannel
(PIgRDSIBHYr. a dewnlinkp LiAKR, contreéehartel ieyde ysebedbed in  the
PDCCH, for 15 example, includes the following infoymation (see, for -

e LR L BNt C1n O EBe) Signility Ergngtation
StiusiUng: Gutingp Faniarnel15-e$0r00e) : b bavksink séHeiuinyl ink shared

infeimafiea 2Gay Plek SCAPHRINIO ¥Mysical uplink shared channel

Acknowledgement/negative-acknowledgement information (AC:K/NACK)

- TRENSKEion power control command bit 25 The downlink scheduling
information may Iinclade hferrdicat pgardngst downltinkrghasetheduling of
channgl. For example, the downliplérsrﬁggdglipg 'information ma in%lgde

ragio resources 1 r S ..hecessa Signal
downlink resource b ogk al?ocgﬁon information, |cfent rl}lca? ion |r}format|ong

of (sar dewizies (U)F ID8) Hoe 3t ruimbel ofetrmadaas, infbanatickthe  shared

reqdiNgrscading SEF e 4Aa $1355s YV RICRGFNBASS, Qb Frame. As
information regarding hybrid automatic re?eat frequest (HARQ)..The

upfnk SEPAEIRK grar® T8 &lamsBaryIe or this signaling, a

physical downlink control channel (PDCCH) or a downlink
L1/L2 control channel may be used. The PDCCH, for
example, 1includes the following information (see, for
example, 3GPP R1-070103, Downlink L1/L2 Control
Signaling Channel Structure: Coding, January 15-19,
2007):

- Downlink scheduling information

- Uplink scheduling grant

- Acknowledgement/negative-acknowledgement

information (ACK/NACK)
- Transmission power control command bit

The downlink scheduling information may
include information regarding a downlink shared channel.
For example, the downlink scheduling i1nformation may
include downlink resource block allocation information,
identification information of user devices (UE IDs), the
number of streams, iInformation regarding precoding
vectors, data sizes, modulation schemes, and information
regarding hybrid automatic repeat request (HARQ).

The uplink scheduling grant, for example,
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includes information for an uplink shared channel such as uplink resource
al location information, identification information of user devices (UT IDs),
data sizes, modulation schemes, uplink transmission 5 power information,
and information regarding a demodula8ien reference signal used in uplink
MIND. The acknowledgement/negative-acknowledgement information
(ACK/NACK) indicates whether retransniission is necessary for the

PUR{c d@esMiiefoiaaeidh 1P %”'&Ph‘i MY SEHA Is¢eedi@nnel  such

transmit user data, i.e., a normal data signal. Also, separately from the

PUASCH, a piyA K uplink EBREMITGHannel (BUERFATAQY be ustftormation,
trapeieitioF examipia) dawfiowichenoal qflityséermaléani cosnligBE  1Ds),

channel quality indicatgr 15 (C and . o
acar?(r){vﬁed&ér%gﬁﬂnegma?ég-‘(aacﬁg\?vled%%rrheenr]\ SforrBidR EackRGASRy SsTon
forRpYPDSCHNTRE T ionsed, frdxambid domsdikaling kagarding  a
adgeieumPLeipdAN Aeferediee (ANl e eAY SR HANFHRKFRET

channel. In uplink, a random access channel (RACH) and signals 20

indicating requedt@§or allBCRNIRIHARERE/ BERATI BRI UAgdgement
mayrdted ha tians mireckad Aekyssiny ildietes whether retransmission
acknowledgement/negative-ac ment information (ACK{NACK)

corl Bl P L R PO A R T e
essential role in lgtranghisdion ¢hetrdPdBrasly isiRdntes theaismit user

_threai*&qut-it'?eefef%&ﬁe?ﬁa'inqyﬂ%ag%ﬁ%wgﬁgaﬂv%&ckgewé@ﬂ&ﬁmﬂ from
information (ACK/NA(.K) is prefer@%y_fed ack as soon as it is generatéd.

Ald @ sfiEEHbe f30R¥EIC b e W TiRkicaRRYRINRRaAGRAEI(PUCCH) may
copditionsetd isessenb@ldnli schedfding andaagapdye niedmdtietkandhannel

channel coding. Since the channel conditions constangly ch , the COI
i 8{%‘?‘35 f(gé] grmal %rbage?ownriln c(flanner]t quaaﬁ]gy md?cator
((s01 D)) and acknowledgement/negative-acknowledgement

information (ACK/NACK) for the PDSCH. The CQl 1is used,
for example, for scheduling and adaptive modulation and
coding (AMC) of the physical downlink shard channel. In
uplink, a random access channel (RACH) and signals
indicating requests for allocation of uplink and
downlink radio resources may also be transmitted as
necessary.

The acknowledgement/negative-acknowledgement
information (ACK/NACK) can be basically represented by
only one bit, but has the most essential role 1iIn
retransmission control and greatly influences the system
throughput. Therefore, the acknowledgement/negative-
acknowledgement information (ACK/NACK) is preferably fed
back as soon as it i1s generated. Also, as described
above, the CQIl indicates downlink channel conditions and
Is essential for scheduling and adaptive modulation and
channel coding. Since the channel conditions constantly
change, the CQI 1is preferably fed back to the base



-4- station at frequent intervals. When resource blocks are allocated for
uplink data transmission, the above control information can be promptly
r_eport_edto the base station by using the 5 resource blocks. However,
there is a case where the CQI and the4-
acknowledgement/negative-acknowledgement information for a downlink
data channel need to be reported even when resource blocks are not

alleqaieqd M1 YR LRIadIAPSTHTRIPN:al8 In the LTE system,

single-carrier FDMA is used for uplink to make it possible to promptly )
report the CQI dHEihe BRRAMIBgSH BRtiTegAliGe-addnsAtagenfal uplink
infoumationitarise bgsd stafionleyembosuchcooases IMéafgiiieatd duirthean be
- [ﬁ%ﬁﬁgﬁ éf{ 51415 g e 15t‘§f§0'388%8”.d§'ﬁ%€'%%ra%xa using the
preferablé than a single-carrier scheme.
5 Hovgsevrezhhdiogks foHefficaty -trsnttting tiie K8RANADErendhe CQl

the;G@! to thedpse station-us|py, FLBYERRIEY G TR 2% ERNFAEMY¥ment
discussed by the filing date 20 of the present application. DISCLOSUR

oF NRAERRINPRARL EMs F9WH s viEBtay BIRMRGENReRdAnto  be

aspegiaif teelpessent iventiaremakesd B poksiblerte efiicientlyltoaisteitl for
contr(il.inﬁgrma%on that %reatlg influences the throughput of a mobile
uplink data Fran mESSEON. : .

communication system employing a'mult-icar_ri_er scheme. MEANS

10 FOR SOLVING TRAEtROBLE M®yStienn, aspueg bethegiredent imbdAiohs used
PrQes i INpRRMIEgtiavice jqr ?BQQ'#%?%@H”'W”}eport the
employing a multicarrier scheme. The transmitting device Includes a
m 'ng Lﬁﬂcbonfﬁlﬁ"ed @qhgﬁv&bﬁﬁlgp_rgent/negat|ve—acknowledgement

information to the base station even iIn such a case.

Meanwhille, to further 1improve the frequency resource
15 efficiency and the data rate, a multicarrier scheme is

more preferable than a single-carrier scheme. However,

technologies for efficiently transmitting the ACK/NACK

and the CQI to the base station using a multicarrier

scheme had not been fTully discussed by the filing date
20 of the present application.

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
An aspect of the present iInvention makes it

25 possible to efficiently transmit control information
that greatly influences the throughput of a mobile
communication system employing a multicarrier scheme.

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

transmitting device for a mobile communication system
employing a multicarrier scheme. The transmitting device
includes a mapping unit configured to map control
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information to subcarr_ier_s in a subframe; an inverse Fourier transform
unit configured to inverse-Fourier- transform a signal of the mapped
control information; and a transmitting unit configured to wi.relessly 5
transmit a ransmi_ss,on signal includisg-the ,;_nverse-
Fourier-transformed signal to a receiving device. The control information is
mapped to control. frequency bands that are discontinuous in the

regHFaPMALIHN R kg By depeaostdhe suli[aiis shearataly Lihverse

from frequency bards for shared_data channel. 'he mapping is performed _
sufIPtHat e cbhaBsRRhatiynt for FRTEESYIEHediCe MAYIBR-Giyrier-
of theaganfioiniregueniyahdsots treme Mitiggmt dhecsama-tihe iafloamation;
conrel informatien ox tha Saved dajgyghamel f9rihe 9 1ecqind davie ooy
mapped to a di eren%r?requen%/ band. The mappiﬂg may be performe8 y
sudir@rRstid centrériansmbsion dor tisd givabingnielisdimgpptbdeo bhewerse-

of G GABPL ¥ PAHSTO RIS IRRP T darBice $9TRJINR 91 &8

control information for the receiving ?_C device mapped t0 another one of

the control frequéRBy BaAAL Orhe EUPRERRLHAD inkRid&ARAESle dBtscontrol

Alspy eijeemagpingnidy benearfoamned sk dret finsiaestrah interenatipaquency
ang 0snt%cond con&rol informatic\)/r)i I]or (}he 25 re%aiv{r}gedevi%e re transmitted

using cﬁf*enrer?tnconfa}glefrgqrt?ency%angsc I"fhe same stot. f;%r,n%eseparately
mabipiny nfaye deqreeiornistnsigch fieat the firshearaeb| idfabaatiohameedhe The
SecRbIPY O BIPRAFET NS (RIS VIRISHEViBRe 2EJRFT e hation
the same control frequency band 30 and different codes for code division

mlfdiexti TheCRAVISKrofRYdFfitiBIRBRE thetQcORE caifroithe control
inf@irefirenioy thearaeiving devigasnathetraatmithd eyvanevordm@o®s the

Sk%%ﬁ%?&fa?ﬁ¥byhg %%ﬁk%r the shared data channel for the
receiving device mapped to a different frequency band.

The mapping may be performed such that the
control iInformation for the receiving device mapped to
one of the control frequency bands is transmitted at the
same time as the control information for the receiving
device mapped to another one of the control frequency
bands.

The subframe may include multiple slots. Also,
the mapping may be performed such that Tfirst control
information and second control information for the
receiving device are transmitted using different control
frequency bands iIn the same slot. Also, the mapping may
be performed such that the first control information and
the second control information for the receiving device
are transmitted using the same control frequency band
and different codes for code division multiplexing. The
first control 1iInformation and the second control
information for the receiving device may be transmitted
over two or more slots. For example, in a first slot,
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-6- the first control information may be transmitted using a first control
frequency band and the second control information may be transmitted
using a second control frequency band; and in a second slot, the first
control 5 information may be transmitte@l-using the second control
frequency band and the second control information may be transmitted
using the first control frequency band. Alternatively, in the first slot, the

firsticaNYQl BEOTEFHIPAIPT TSFSFRYFEFLIEE MBY Perkdshiitedd Using a
using first and second control frequency bands at the same time; and in

thefddShd S80HE Lecdh @ AHRPGY intbRRStioRRS thEhEcedfigdiceontrol
maynfiraatritied nigjinglibe firehaseh $eaetl cosialfrequensydiandsantrol

the;same time. The first control.information may 5 i
oIS e he R b oA ote G e i aqdiey Tirst control

prdntfmwaet:derd@Bdatmhamﬁdltmg gedarl thmrcsmpnﬂatmntrol
mayiadicaifcineriiRi Y0P theeREGHEC sigRtrd e irpRSMidedon may be

device may bé a user device 20 for the mobile communication system.
AnbIRISERELES thEHFEEn thGent Tl BATor&RINE R lecclliRg dRORY foPand -

a mahierecreinualeat_iian sysienf@mpoyind amultichgierthsme.control
The r%ceivin -deviqg incljéﬁles a Fourier transJorm unit confi%Jre to 25 .

in O{maglon or . 5 .reci_elvm evice max. e ansmitted
Fourier-transform a received signal; a dengappmg unit configuredto

exwadtrwsig:riarmapgéd tqmadie@mbﬁ@hetmﬂgeqcyamdat the
Sigggh&ang friecoding Uik CQH@U%EWCQ%EQ“@W@%'H% control

extracted by the demapping unit. The control information is extracted 30

frodNESHTE Eta0edQrbaHiR thachd \MIRDnHRYARSN MRY flRGudi@nsmitted
doowimgndiive pfaMidad anigsssesidiithmeosepahtelrisoudrasuencsnds at

ba%ﬂsefors%%gar%di%aetg The first control information may be
acknowledgement/negative-acknowledgement information for
a previously received shared data channel. The second
control information may 1iIndicate the quality of a
received radio signal.

The transmitting device may be a user device
for the mobile communication system.

Another aspect of the present invention
provides a receiving device for a mobile communication
system employing a multicarrier scheme. The receiving
device includes a Fourier transform unit configured to
Fourier-transform a received signal; a demapping unit
configured to extract a signal mapped to subcarriers
from the Fourier-transformed signal; and a decoding unit
configured to decode control information extracted by
the demapping unit. The control information is extracted
from control frequency bands that are discontinuous in
the frequency domain and are provided across a subframe
separately from frequency bands for a shared data
channel. The control 1information Tfor the receiving
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channel. The control information for the receiving -7- device mapped to
one of the control frequency bands and the control information or the
shared data channel for the receiving device mapped to a different
frequency band are included in the same slot in the subframe. 5
ADVANTAGEOUS EFFECT OF THE INVENTION An aspect of the
present invention makes It possible to efficiently transmit control

infENatqn b seratydnibieacesihedbratigherbaf apreglied bands and

communicati_on system employing a mult-icar_ri_er scheme. [B

DESERIBHIENDF TPlEOr_'Sﬂ%%WI‘Nb§ﬁ cthea shadiRsh c%&&kaﬁh@fﬂi‘e' for
mothile cpewednvdalipn dpsteor 1mapealis adlrawing ilEEaEng a feriiplency

mfgrmacpon transm|f5|8ed’netho%ﬁe) FIG, 3 |s':?£rawmg IIustranga .
conGOl infdrmation tranamission metﬁo@ 2) 2 a drawmg
|IIustrat|ng a control 20 information transmission method (3); FIG. 5is a

dr%{)ﬂw@@ﬂg SEGAnHET IBermALonN [RRRAIRSIPN method (4); FIG. 6
ission method (5); 25

is a drawing ittustrating a control_information transmi )
FIG. 7 is a drawig ilBSir&5Ty LdontBeinRFFBEOT rAreRGbAMMES Tt
(6)pb¥s.i® kea drawingfiftistiading lycontrel nsithnatiooriansmissiaformation

me{ﬂ%q:(Y) FIG éa?dr% ill ustratueﬁacqirﬁrol 3(?_'|nfq:rmatj|9n a mobile

transmissi |sadraW|ng Ustra n acon?rol
|nf@¢ﬁmwmlmtgm@s@y$it@moam9)loymg a multicarrier scheme.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 1is a schematic diagram of a mobile

communication system;

FIG. 2 1s a drawing illustrating a control
information transmission method (1);

FIG. 3 1s a drawing 1illustrating a control
information transmission method (2);

FIG. 4 1s a drawing 1illustrating a control
information transmission method (3);

FIG. 5 1s a drawing 1illustrating a control
information transmission method (4);

FIG. 6 1s a drawing 1illustrating a control
information transmission method (5);

FIG. 7 1s a drawing 1illustrating a control
information transmission method (6);

FIG. 8 1s a drawing 1illustrating a control
information transmission method (7);

FIG. 9 1s a drawing illustrating a control
information transmission method (8);

FIG. 10 is a drawing illustrating a control
information transmission method (9);

FIG. 11 is a drawing illustrating a control
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FIG. 11 is a drawing illustrating a control -8- information transmission
method (10); FIG. 12 is a drawing illustrating a control information
transmission method (11); FIG. 13 is a drawing illustrating a control 5
information transmission method (12)-84G. 14 is a functional block
diagram of a user device; and FIG. 15 is a functional block diagram of a
base station. 1.0 EXPLANATION OF REFERENCES 50 Cell 1001, 1002,
1093 Hsendevish 19ARase stafion IR Ypeepyede 400 Core

network 14 OFDM signal demodulation unit 16 CQI estimation unit 18
Downlink controfdifnal décolifhg @nif! BB AcK/LISEFRT RfhiRy urRntrol
22in¥hrazeitnl tgaalpressssitg biockodt Chapnel coding unit 26

Data modulationynit 28|§charri er 5@@ unit U%Q:P‘%\‘/Fé%eﬁga%pngf’ntml

Fourier transform unit (

Y)'§2 Buardh | adding uni

sighafprigtatding biduknse el sequirideaseretadng unit 38 Subcarri_er
mapping unit 30@pgnverse s Fauripr HapsORRIMNEIBEY) 435K of a

interval adding unit
user device; and

FIG. 15 i1s a functional block diagram of a

base station.

EXPLANATION OF REFERENCES

50 Cell

100;, 100,, 1003 User device

200 Base station

300 Upper node

400 Core network

14 OFDM signal demodulation unit

16 CQl estimation unit

18 Downlink control signal decoding unit

20 ACK/NACK determining unit

22 L1/L2 control signal processing block

24 Channel coding unit

26 Data modulation unit

28 Subcarrier mapping unit

30 Inverse fast Fourier transform unit (IFFT)
32 Guard interval adding unit (CP)

34 Pilot signal processing block

36 Pilot sequence generating unit

38 Subcarrier mapping unit

40 Inverse fast Fourier transform unit (IFFT)
42 Guard interval adding unit

44 Multiplexing unit

15 Synchronization-detection-and-channel-estimation



44 Multiplexing unit 15 Synchronization-detection-and-channel-estimation
-9- unit 17 Guard interval removing unit 19 Fast Fourier transform unit
(FF'T) 21 Subcarri_er demapp;ng unit 5 23 Data demodulation unit 25
Data decoding unit 27 ACK/NACK detétmining unit 31 Scheduler 33
Uplink scheduling grant signal generating unit 10 35
Other-downlink-channels generating unit 37 OFDM signal generating unit
BERT; YODE FOR CARRY[NG OUT THE INVENTION Embodiments of
the present invention are 15 described below with reference to the
accompehyind® RARin S ERENG G H SANGILED Ere used in the
descriptions belesttoFaaitipde tharandsfsiendingiad {rFAMesent invention,
the val areéﬂ t %(am%l?,s 88% agyi (ﬁthelrJ a? ropriate values may also
be used Uinles 20 Sthehwise TRERTONEW <<FIRST EMBO] )IMENT" <A.
5 CONTRGOL INP@EMAEIOHIRANSMISSION METHOD> FIG. is a
schematie dia@@ﬁ%\%@@@ﬁﬁﬁg 23/$pgmunication system 1000. The

mobile communication system 1000 includes a cell 50; user devices (user
equipm@ft: UBCKIO¥ Gi60gedsd 1864 19ayaldb be called the user
device 300 angdhedadegevices 100); a base station 200 wirelessly
cormnugieating i e yser 20ideyices 100 angunbey nede 890 s inie
connected to the base Station lé!)b, nd 5% 5re RERVSTK 490 Connedldd 9
10 the uppé&r nod¥tBer: -THewnddarhockaBoterhay deniepidihagtedrolt
37 OFDM signal generating unit

BEST MODE FOR CARRYING OUT THE INVENTION
Embodiments of the present invention

15 described below with reference to the accompanying

drawings. Although specific values are used 1in

descriptions below to fTacilitate the understanding of

the present invention, the values are just examples and

any other appropriate values may also be used unless

20 otherwise mentioned.

<<FIRST EMBODIMENT>>
<A. CONTROL INFORMATION TRANSMISSION METHOD>

FIG. 1 1i1s a schematic diagram of a mobile

25 communication system 1000. The mobile communication

system 1000 1includes a cell 50; user devices (user
equipment: UE) 100;, 100,, and 1003 (may also be called
the user device 100 and the user devices 100); a base

station 200 wirelessly communicating with the

30 devices 100, an upper node 300 connected to the base

station 200, and a core network 400 connected to the

upper node 300. The upper node 300 may be implemented by

a radio network controller (RNC), an access gateway
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a radio network controller (RNC), an access gateway -10- (aGW) or a
mobility management entity (MME). In this embodiment, it is assumed
that the mobile communication system 1000 employs a multicarrier
scheme for uplink and downlink. MoreJdarticularly, it is assumed that the
5 mobile communication system 1000 employs orthogonal frequency
division multiplexing (OFDM) for uplink and downlink. Also, for descriptive

PURSES. 18 ASHIRSh V1Y H)e Uneh AGuifertO0 SaBHEYS ¢S, In this

information to the base station 200, and the control information ) )
inc‘ﬁﬁ‘Mﬁﬂ.ﬁLZ toldfol ASHASSHHthat the mobile communication

ackyeytleriganeot/ eegalivgsacknowiedpemani éforseiame (AGK/MALK)K and
for datil-C anne(’lylltransmlttedtwad wnilnk, angloria channﬁlm%u&\h%hat the

indicator 1) in 85§ng RPSowniink chanheél conditidns. quvsvever, the

comedlilEeinfazanition teat kemsmiyed #om theQ@er gevidoNso weghogonal
incride RRMENETARPIYIGHE INIrTRYPexEA W’(@Fﬁﬁ?'“@ﬁpa@ﬁlink and

transmission ‘methods according to an embodiment of the present_

inRAYB Bk dedtBRe. FIRY cSIRRFTABRIMONPBH R23SRissibk nih&Rsumed
destried tiedovwaierexdmpieseantodp aptereeiigassdng polire Badpevation

e Maion - Aeo0 LRI 2R SRR 3690 FRlation
25 information transmission method (1). In this example, two harrow
freqoedeydieands arelploided at tHelddit and |eoetieio bf a sysiefiormation,

freaewl?gb @ﬁ&‘?‘%%’&i@ﬁéﬁﬁﬁk‘%‘@ﬂ & ehPlocks. TieFormation

ncy band, for example, has a bandwidth of 5 MHz, 10 MHz

system fre%é:(j< )
or SOMMD SEInT B0 RedlRtRy BEABE &I thE RIS EAL IGH ervdPardown link,
resgtvgtbior teanspriasine bf cqutidlieiprmiptian cHeew: fo(desyriptivedicating

pug)gv?r(ﬁ’itnhlgfregH%?]WeqandgéﬁrgﬁP%ns. However, the control
information to be transmitted from the user device 100
may include any other appropriate information.

Below, control information transmission
methods according to an embodiment of the present
invention are described. The control information
transmission methods described below are examples and do
not encompass the entire scope of the present iInvention.

(Method 1)

FIG. 2 1s a drawing 1illustrating a control
information transmission method (1). In this example,
two narrow frequency bands are provided at the right and
left ends of a system frequency band including multiple
(frequency) resource blocks. The system frequency band,
for example, has a bandwidth of 5 MHz, 10 MHz, or 20 MHz.
The two frequency bands at the right and left ends are
reserved for transmission of control information. Here,
for descriptive purposes, the frequency band at the low
frequency end is called a first control frequency band
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frequency end is called a first control frequency band -11- and the
frequency band at the high frequency end is called a second control-
frequency band. For example, each resource block for data transmission
has a bandwidth of about 180 kHz, an@iZeach of the first and 5 second
control frequency bands also has a bandwidth of about 180 kHz. One
radio frame, for example, is composed of a predetermined number (e.g.,

10 AbL-pRSUBFRIRRNEYCh SHRHAME INGHAESAYEISIOEr EQUWEYE) end s

these values are just examples, and any other appropriate values may
10GRIIEA. 1A thess@RthlecHBWPh FI e8ueNtY 1208860l EMnnéP@mPle,
trapamiited feesouseeA ththediase feationdatist andaesoigsidhthahas a

are consecutiye. ln the first sl e second control- frequency, band is 1
CBARRHH oot e et P Rant) ot hagld Tt and

Thascsurtroriafdemalior I gaeseittedandsrdikso diasguendanepicgh of
PGB\ HSHEGT9dENCHRBNGIS HRS 24§ WHRE!Y #B L EREMEREN §¥eEBMposed

the system bandwidth._This method makes it 2_C passible to achieve a
highfreuRREf BLESrBAREGhINHRBSE tH&tefre préteraBik 1 iMproveligames -
recepdn gublity aplecontrol ndirgatino. Isil diis exampteydeguaneyse values

hopping is performed hky changing the frequency band every slot.
oo YT BRI RS, R 2B GRS gt ues may
evbg sidcime) or more frequently (e.g., every symbol- in a slot). Since

the first and secprd Gaqdrol fieqieiiey bapdsare PRt URaEat the same | 1/12

time, this method may also be applied to a system employing a

sifgRELRikr Shmé bol®elHgenitted from user A to the base

station iIn first and second slots that are consecutive.
In the first slot, the second control frequency band is
used; and in the second slot, the first control
frequency band 1i1s used. Thus, control iInformation 1is
transmitted according to a frequency hopping pattern
using frequency bands that are widely apart from each
other 1i1n the system bandwidth. This method makes 1t
possible to achieve a high frequency diversity gain and
Is therefore preferable to improve the reception quality
of control 1information. 1In this example, frequency
hopping 1s performed by changing the frequency band
every slot. However, the frequency band may be changed
less frequently (e.g.-, every subframe) or more
frequently (e.g., every symbol i1n a slot). Since the
first and second control frequency bands are not used at
the same time, this method may also be applied to a
system employing a single-carrier scheme.

(Method 2)
FIG. 3 1s a drawing illustrating a control
information transmission method (2). In FIG. 3,
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FIG. 3 is a drawing illustrating a control information transmission method
(2). In E'IG. 3, -12- similarly to FIG. 2, an L1/L2 control channel is
transmitted from user A to the base station using the first and second
control frequency bands. In this methed2however, the first and second
control frequency bands 5 are used at the same time in the first slot. This
method is applicable only to a system employing a multicarrier scheme.

Altaggh Hielyst get isped inF1G. 3ihe| s6qomnd efppp INSieathbRel  is

used. Still, using the first slot is preferable to complete the transmission of
a I5BRRERANSIRRN CaRkr §tad® (WHBR AT RIS AL HalRNg the
illusatytg aontelcoidrmadivnrivdnshriesioe masthbeafd)s In FhGthid.method,

similarly to FIG.,2. an L1./42 control channel,is transmitted from user A to
th@ggvs%vgtgfiontzﬂ\sﬁnghhgss%ecgﬁ] cosn?r%?ﬂgqu%%@: %tl:d iﬁﬁ%g‘f.’%}%(ot bands
anaresing etk fvtt &hetrs areguEnaebdind Nk ekeesitd Aot in theis method

EX3p YRR ot oweves & ARGy aHESea Ale MSPcarrier

transmitted. Accordingly, a frequency band (resqurce block(s)) for the

daBCERRfel ANGRRE R IEcohbPfe RAREY Band'gRAusHd i e 3. the

sagedinel irsthetirsizpjotiattedréguenspband ior Ithg dasd earmred first
ang i%?:f'rSt contral requepcy and 25 are te:ggd %thtge same time in_the

second slot-in Bfﬁeerevr\;ords, the L1/E2BAfFOTchannel is tansmited Bé‘mgOf a

thectinstsind sebemhednted! fsgueasyl beridsiadehe data channel is
transmitted using a resource block(s) assigned to the data channel. Since
the L1/L2 control 30 channel is not included in the data channel, this
me@M@JhQ‘Bre?@rable to improve the throughput of the data

FIG. 4 1s a drawing illustrating a control
information transmission method (3). In FIG. 4,
similarly to FIG. 2, an L1/L2 control channel is
transmitted from user A to the base station using the
second control frequency band in the Tfirst slot and
using the first control frequency band i1In the second
slot. In the example shown in FIG. 4, however, a data
channel of user A is also transmitted. Accordingly, a
frequency band (resource block(s)) for the data channel
and the second control frequency band are used at the
same time iIn the first slot, and the frequency band for
the data channel and the fTirst control frequency band
are used at the same time iIn the second slot. In other
words, the L1/L2 control channel is transmitted using
the first and second control frequency bands and the
data channel 1is transmitted using a resource block(s)
assigned to the data channel. Since the L1/L2 control
channel is not included in the data channel, this method
iIs preferable to 1improve the throughput of the data
channel .
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channel. -13- (Method 4) FIG. 5 is a drawing illustrating a control
information transmission method (4). In FIG. 5, similarly to FIG. 3, the first
and second control 5 frequency bands are used at the same time in the
first slot. Also, similarly to FIG. 4, a dafe3ehannel of user A is also
transmitted. Thus, with this method, the frequency band for the data
channel and the first and second control frequency bands are all used at
the% SRIPRIQ t e in the first slot, and only the data channel is transmitted
in the second s Method 5) FIG. 6 is a drawing illustrating a control 15

information tranfrﬁ siorPmdtRod®5) dTRHEE thethbUSERAGI RSkorMatiepntrol
is tiarfnittad indifferenamanisesi ole pennichoil whe(thgr resquice Hacks 5,

are allocated for trans ion Qf data,chanpels. 'When resource block
is a o(c):;i:‘ed Xr trgnsmrEﬁ%n of%:fjata% ann(?is f\;\lizz? cor‘latr(ﬂ 8 control
ch&iiesls erT ¥ 1baRdan e avsednerittéhersanasdridesices tdthe First

basq SPLOR Ik MAIST 1S -1 & bysing B fusIaSREPEF user
control_ frequency bands accordlng to a frequency hopplng _pattern.

Méanlifile, WARD rSbaRibERTare AMtRted 1305 thbmisBighipd. the

datfretprnetsy coziral informatibe isduaasnitiegosing thelallenatedirst and
resource Iocks én |‘IIS 1_a:as.e the corgrol mformatlon F\pd the 8ata
r seé

chgr?r? sare |me IVISIOH ﬁlp?ég(e t%le examp hOWI’] In t.hg, same

redolinée Hlock¢laee dibcated sd ater d@ﬂ@e@tjtﬁlﬁ@ehrdagrauglsaanel is
usq:r,:aq%ﬁﬁe&légl,lnth{q)@rgggéné t&qrsgnit their data channels and

control information using the allocated resource blocks.
(Method 5)

FIG. 6 1s a drawing illustrating a control
information transmission method (5). In this method,
control information is transmitted in different manners
depending on whether resource blocks are allocated for
transmission of data channels. When no resource block is
allocated for transmission of data channels, L1/L2
control channels (#0, #1, #2, and #3) are transmitted
from user devices to the base station iIn a manner
similar to FIG. 4 by using the first and second control
frequency bands according to a frequency hopping pattern.
Meanwhile, when resource blocks are allocated for
transmission of data channels, control iInformation 1is
transmitted using the allocated resource blocks. In this
case, the control iInformation and the data channels are
time-division-multiplexed. In the example shown in FIG.
6, resource blocks are allocated to user devices UEll
through UE15, and wuser devices UEl1ll through UE15
transmit their data channels and control information
using the allocated resource blocks.
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-14- (Method 6) FIG. 7 is a drawing illustrating a control information
transmission method (6). In FIG. 7, similarly to FIG. 3, an L1/L2 control
channel is 5 transmitted from user A to the base station using the first and
second control frequency bands at the 58dme time. In this method,
however, the first and second control frequency bands are used in the
entire subframe (or two slots). This method is preferable when the 1.0
nU@h’@fﬁBBit%ﬁf control information of each user is large or when the
radio propagation conditions are poor. This method is preferable when

the radio propadalifn céndit®nstardiBEdista bl ¥Rt @ithta (geptrol
whipndFdregbaonel cancitiensia®igood, thetataisize(ef)L.5 infermatac. 7,
with.a giyen humbger of pifs.becomes larger to,achieve desired qualit .

whsemsri\e %HQXnelfgoncﬁt@n's a(?rsre?n pogrr.] (Mlééh/o%%) P EI%F(@?S acg]raa%'/vri]r?gl 'S
illuttranssy & cbadol fintormesenr transiissidnemdiase (B RIC @is gipdilzg  the

10 iGN i thesraomey US@()H%?%ihefif‘%g%r@né?()ﬁgr?&@”%t the same

frequency bands both in the first and second slots. In this method,
holvBUEr thd FirstidRromBHesren 8PS EH-thetiSt sbt ISEsed@sl  Second
tragemitico Ehdires| Griality indioater €4@I) anddhei secoind cont@re subframe

frequency band in the first slat is used tq transmit

e VRS o i TR ~TE  preferable, whep the
or mamb/@rsaoﬂlgbri\ﬁﬁileof] tﬁ@@§6@ﬂ sidstfecrrﬂ@éti_@mndf:omh user 1is
fregueey Randisersedrie pRgTy Hbeol?%é’ﬁ‘ié*ﬂ\e E%S?Wi@ﬂ?%ﬁ@gboor )

band is'used to transmit the ACK/HACK, or vice versa. With_ this method,

sintB ke ACKNGACKI SndRke BT Graidififteqthe radio propagation

conditions are poor because, compared with a case where
the channel conditions are good, the data size of
information with a given number of bits becomes larger
to achieve desired quality when the channel conditions
are poor.

(Method 7)

FIG. 8 1s a drawing 1illustrating a control
information transmission method (7). FIG. 8 is similar
to FIG. 7 in that the same user uses the fTirst and
second control frequency bands both in the first and
second slots. In this method, however, the first control
frequency band in the first slot iIs used to transmit a
channel quality indicator (CQI) and the second control
frequency band in the Tirst slot i1s used to transmit
acknowledgement/negative-acknowledgement information
(ACK/NACK), or vice versa. Meanwhile, in the second slot,
the second control frequency band is used to transmit
the CQl and the first control frequency band is used to
transmit the ACK/NACK, or vice versa. With this method,
since the ACK/NACK and the CQl are transmitted



10

15

20

25

30

-15- separately, it is not necessary to provide a transport format for

multiplexing the ACK/NACK and the CQI. For example, this method is
preferable to improve the detection accuracy of t 'he ACK/NACK and

thereby to reduce 5 the processing load %= blind detection. (Method 8)

FIG. 9 is a drawing illustrating a control information transmission method

(8). In E'IG. 9, 10 similarly to FIG. 8, the ACK/NACK and the CQI are
tragapiiegheaRprately. pdhingrethnck dowever, pathinfolbpdéstandransport

second control frequency bands in the first slot are -used to transmit the

acliiadgehodnyREd AR geiodictigemants/ NrthaNGn t8e  CQI. For
(Aekanp(), Maanishileninthedsecend sipkdfahalbthe fitss anihgecoud the

contral frequency bands are u o_tr | channel quality indicator
OB CRRIAET HE e AOR AR o T RSt Plauce
orddreAvogigstingelinst] itlis nol Aack izt oD provide a transport
format for mul_t_iplex.ng the ACK/NACK and the CQI. (Method 9) FIG.

10 is a drawing_illustrating a control 25 information transmission mehod 9)

In ﬂ@.tﬁ?d éq}uilarly tot,' G. 2, an /L1 control channel is transmitted

from user A to tieligase statien agcotag ing frefiles®rbaririog patterontrol
using differept frequency bands. In this meth d,d"now r, thir(;i and th
coﬁtﬁﬁ%dn ﬁlgdt?enncy Jkl}z!{n(glssgr'esuss'e(ﬂﬂlln a(rjr]&lﬁglr? o] thgéis’[ an %eco‘ﬁg{; i 9
costialifkeubyicy tandsl Simil&ly totime metHoNAEKIGanahisthethédk are

EL%%&@E?%BQ“%@B%QWU'WGWés‘ﬁ{éﬁﬁ&ige’h‘ﬁmgﬁ both of
thee firgg and second control frequency bands in the

first slot are used to transmit the
acknowledgement/negative acknowledgement information
(ACK/NACK) . Meanwhile, in the second slot, both of the
first and second control frequency bands are used to
transmit the channel quality indicator (CQIl). The
ACK/NACK and the CQI may be transmitted in the reverse
order. Also with this method, 1t iIs not necessary to
provide a transport format for multiplexing the ACK/NACK
and the CQI.

(Method 9)

FIG. 10 i1s a drawing 1illustrating a control
information transmission method (9). In FIG. 10,
similarly to FIG. 2, an L1/L2 control channel 1is
transmitted from user A to the base station according to
a fTrequency hopping pattern using different frequency
bands. In this method, however, third and fourth control
frequency bands are used in addition to the first and
second control frequency bands. Similarly to the method
of FIG. 7, this method is preferable when the number of
multiplexed users is large, when the number of bits of



-16- control information of each user is large, or when the radio
propagation conditions are poor. In the example shown in FIG. 10, the
third and fourth control frequency bands have the same bandwidth as that
of the first and 5 second control frequelby bands. Alternatively, the third
and fourth control frequency bands may be obtained by dividing each of
the first and second control- frequency bands, for example, into two. 10

(Metieer D FiGrblisaa fyving legieafinggeqonjiel piegeatiogr when the
transmission method (10) In FIG. 11, _similarly to FIG. 10, third and fourth
cob RO kR RERRRDARAS Bre GRY B H LABRIOAMISh @ BRE and Becbh§ 15xample

cosliovfreciiensy Gands In thie methed, RowevesuthehACKAtACK ifrequency

rapsmiltecin the fistsietysing,ineqsaonnd conrgls fieaugncybandandy  ong
is transmitte&m the secon@ slot using the thirdscontro frequency bancr.
5 Sirmgatntheantiotaifdmmeansyhddsiot 2 ICawiratiheebyrth the third

conirel rpaUPRSY DeBR@RIIS FRdgIURY N 1 88CondwobESIbBLIHEH by
control_frequency band. The third and fourth control frequency bands

m& I B8t2eh e85 diRling e ch b e A8HakE<RBENFEAMFQT Trequency

fregeeagy, bdids, éxaexabeple iintotwavo25 (Method 11) FIG. 1.2 s a

drawing illustrating a control information transmission method (11) In FIG.

12, s:_rni_larlytot,; G. 2, an /L2 control channel is 30 transmitted from
10 us€Mathask Bk station according to a frequency hopping pattern using

different frequengy gbangs. Iry isnedhogy i1oyreyan T8 RI& #RE °5  control
control information of the same user- are code-d;:_vision
information transmission method ~(10). In FIG. 11,
similarly to FIG. 10, third and fourth control frequency
bands are wused 1iIn addition to the Tfirst and second
15 control frequency bands. In this method, however, the
ACK/NACK is transmitted in the first slot using the
second control frequency band and is transmitted iIn the
second slot using the third control frequency band.
Similarly, the CQIl 1s transmitted in the Tfirst slot
20 using the fourth control frequency band and is
transmitted 1In the second slot using the first control
frequency band. The third and fourth control frequency
bands may be obtained by dividing each of the first and
second control frequency bands, for example, Into two.
25
(Method 11)
FIG. 12 i1s a drawing 1illustrating a control
information transmission method (11). In FIG. 12,
similarly to FIG. 2, an L1/L2 control channel is
30 transmitted from user A to the base station according to
a fTrequency hopping pattern using different frequency
bands. In this method, however, multiple sets of control
information of the same user are code-division-
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-17- multiplexed in t_'he first and second control- frequency bands.
Similarly to the method of FIG. 7, this method is preferable when the
number of multiplexed users is large, when the number of bits of control
information of each 5 user- is large, orWhen the radio propagation
conditions are poor. (Method 1.2) FIG. 13 is a drawing illustrating a
control 1.0 information transmission method (12) In FIG. 13, similarly to

Iy 124 PRERR) Sei$ Of €RBLOF FIPIEMANRN CE MG PR/MEUSRIF8¥E CPFEfliency
._vis'i.on- multiplexed in the first and second control- freqélljenc%ibands. In

i Rod HEWARY e WA ER YR EQ M- ark. this method is
cope-etfagiab-heultiplexedinethaseibend odninel | téguenaydansbnshd érslarge,
slot H‘QFI] arttar]code-%vision- _rpu(ggi eSxeg | tge r{ﬁ,t ntroliifrer ueﬂ:xnbag each
in the- Second siot. Pﬁﬂ_@ 1 ethod 9) t%roué% Slebhic! ?We hod 2~
12)$esquéacyliadigsing perforaeil hehangthbothe riegagatyang@vdiytions
slo Hdowgyst, the methods 9 through 12 may also be applied to a case

where the control information is transmitted using the first and second

control frequency bands at the same time as shown 25 in FIG. % (Method

6) ¢Be SR DEYICE> FIG. 14 is a functional block diagram of the user

OF DM signal caniGiuiatin St fo: 3 L Ghm MY GO TEF L GouigRero!
contrdiaigial tedodity ansmiSKOACKMNeADRdetetitding ukin 20Fd6G. 13,
L14#n fRAFANSIINELProgaRsing block 22 inglyqipg& chagiel -18%f  control
information of the same user are code-division-
multiplexed in the Ffirst and second control frequency
bands. In this method, however, the ACK/NACK and the CQI
are code-division-multiplexed 1in the second control
frequency band in the first slot and are code-division-
multiplexed in the first control frequency band in the
second slot.
In FIG. 10 (Method 9) through FIG. 13 (Method
12), frequency hopping 1is performed by changing the
frequency band every slot. However, the methods 9
through 12 may also be applied to a case where the
control i1nformation is transmitted using the first and
second control frequency bands at the same time as shown
in FIG. 7 (Method 6).

<B. USER DEVICE>

FIG. 14 is a functional block diagram of the
user device 100. As shown in FIG. 14, the user device
100 includes an OFDM signal demodulation unit 14; a CQI
estimation unit 16; a downlink control signal decoding
unit 18; an ACK/NACK determining unit 20; an L1/L2
control signal processing block 22 including a channel
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coding unit 24, a data modulation unit 26, a subcarrier mapping unit 28,
an inverse fast Fourier transform unit (IFFY) 30, and a guard interval
adding unit (CP) 32; a pilot signal processing block 34 including a pilot 5
sequence generating unit 36, a subcardi€-mapping unit 38, an inverse
fast Fourier transform, unit (IFFY) 40, and a guard interval adding unit 42;
and a multiplexing unit 44. The OFDM signal demodulation unit 14 1.0

deplpiies R igceped o vROHaIsFAT oINS It SFPMandubcarrier
thereby extracts a baseband signal. In general, the OFDM signal )
deMRRRERGN WAk B 49RrfoRfs pRYREShg Tasth £onnisal fif Gstfiorm unit
intgvaisT Foalgr tiansfermptiandsubeeyievabmaggingg anch fietadP) 32; a
demﬂd tionionnthle recei(\)/gd Ssisqlnrgl arb(z!eét[(ac% 7 dQWQErl\JIaQiIot a ilot
chgnng, a dOWAIAK coRtrol ceﬁanneg (an BF & broadcast ¢ annglg arid aP

dogalinletsr geimeh tirgCONddtinition anisubgantieds aelriiey unit

20gality, indigaipr kSO fadigating oyiink paarned PN eiliehs Rameery 40,
on the reception quality of the. downlink pilot channel. The reception _ 3
quéfty o@tr@uasﬁmwmet&mhaﬁm ey b8 idpréentéd By gnyu I tiplexing
approptiates.indicator such as a signal -t_o--interference 25 power ratio

(SIR), a signal-to-interfer plus noise power, ratio (SINR), or an energy

per bit to noise r(jz)bveer SpSe'%:@lfgl der?sllg/nr%#o (Egﬁ\\n?d‘ﬁeag@%an buenlg 14
obtiamet blakgsopaataigqadivedi rpigeatceptichidadiag thacgording to

claggihiad A F%WQPJQH?/V%%J:&.{&@”};P'%&Q%@Qd&c%‘i‘%ﬂml{a"% neral,
be represented by 32 bits and the CQI may be represented by 5 bits. The

pildiEhanRRMs 3 eiimhi Reaian v BEtH R dibbtard reRe ARy BraL Bpessing
mayualso beagalled paigéarance sigifal or gusataing signeérvals, Fourier

transformation, subcarrier demapping, and data

demodulation on the received signal, and extracts a
downlink pilot channel, a downlink control channel
(and/or a Dbroadcast channel), and a downlink data
channel .

The CQI estimation unit 16 generates a channel
quality 1i1ndicator (CQI) 1indicating downlink channel
conditions based on the reception quality of the
downlink pilot channel. The reception quality of the
downlink pilot channel may be represented by any
appropriate indicator such as a signal-to-interference
power ratio (SIR), a signal-to-interference plus noise
power ratio (SINR), or an energy per bit to noise power
spectral density ratio (Eb/Ng). The CQl can be obtained
by appropriately quantizing the reception quality that
iIs classified into multiple levels. For example, the
reception quality may be represented by 32 bits and the
CQI may be represented by 5 bits. The pilot channel is a
signal known to both sending and receiving ends, and may
also be called a reference signal or a training signal.



-1T- The downlink control signal decoding unit 18 decodes the downlink
control channel and thereby extracts a downlink control signal. The
downlink control channel may be a downlink L1/L2 control channel or a 5
broadcast channel (BCH). In this embet#ment, the downlink control signal
may include a code sequence number of a pilot channel used for
communications and scheduling information (resource block numbers,

transport for_nmegs, U%ﬁfﬁﬁ?ﬁﬁi@a@ﬁhﬁ"f@im_@ﬁgﬂaio 8E0as HgWrlinke 18
and/or uplink. The ACK/MACK determining unit 20 determines whéther
thI§SRHRY daldBhar?elVRdd Bsen GBRENS becdf B kor ¥3thpiethereby

pegamniagesrai detentibinicocexarple, digyaudr datesticomayirek control

perermed y 15 cy%ic reduadan C ecli_&C ) The L1/L 2 control signal
cnanne b, may> be o down i LZ7 contro ghann or a
processing block-22 "generates an LI/L2 control channel'to be transmitted

5 vidbuphalcasie chehaeindbing (BAHXY-perfbams hdihel e@oledimieoit, the

coppaliiprRatieB At P6 FransgHaY VigPlinkft fugiken Lodigiteskilyuence
this example, the contrgl information is transmitted via the L1/L2 control

chBHTRER 198 eRbiAheht, HRAUHIbI HRFMatf@H incRBBYR kTGRS and

of gckimnlddgrmentinegaitva® boacknoiesigemene ;:_nfbilvakion numbers,
(A%K/HACK), ora ownhgk data channel 8nd .C%(PI g}{hl.catlng gloye_mllnk

chaniiel >Eohdrtions TRE G&ta modiation dnit per?ormsogata nrormation,

10 meitdatprifsiithd @antdnkfonmadon ugimbiankodulation 30 scheme
suet-i as phase i kexig/ieagk BRRPRPHI A SRR Or SyadidEG mines
amplitude modulation (QAM) The sub-carrier mapping unit 28 maps the
whether the downlink data channel " has been properly
received by, fTor example, performing error detection.
For example, the error detection may be performed by
15 cyclic redundancy check (CRC).

The L1/L2 control signal processing block 22
generates an L1/L2 control channel to be transmitted via
uplink.

The channel coding unit 24 performs channel

20 coding of control information to be transmitted via
uplink at a given coding rate. In this example, the
control information is transmitted via the L1/L2 control
channel. In this embodiment, the control information
includes at least one of acknowledgement/negative-

25 acknowledgement information (ACK/NACK) fTor a downlink
data channel and a CQI 1indicating downlink channel
conditions.

The data modulation unit 26 performs data
modulation of the control information using a modulation

30 scheme such as phase shift keying (e.g., BPSK, QPSK, or
8PSK) or quadrature amplitude modulation (QAM).

The sub-carrier mapping unit 28 maps the
control information to subcarriers that are within the
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control information to subcarriers that are within the -20- system frequency
band and available to the user device 100. More specifically, the control
information may be mapped to the first and second cont_r_ol frequency
bands as shown in F'IG. 2 or to resouZ€-blocks allocated to an 5 uplink
data channel as shown in FIG. 6. The inverse fast Fourier transform 11T
30 inverse-fast-Fourier-transforms a signal including the control

INfQRAQUGH MRRRATEIIDE BHRCA™RS IAVENPEETEINe SI0PAEN % r device
frequency domain 'into a 10 Sﬂnal in the time domain._The guard_interval

addifguniQER) §PSEAT It YmerbhR (SRR st BRI GG Ofhdnay  be
guakppadrvals niebefdensrataddy seeyshd pieintee) sthreqpeeihtyhbands
pilgt signal processj lock 34 generates_a pilot channel to

traﬁgm%{é%a hBIirﬁEélzhe%i%Ysegg uernecseoéjerrrlat:eeratl?n?gog riﬁ§3§ Pgi}eon%arlgt%% ato an

cot Eéqhemt@pt‘émmﬁﬁg the piittaranhel bhSed ©n the code '
sequence numbet,ef (R \PHPLENFRNSE2 E6 1fE FORGUNTFITRALUINE: (1FFT)

Any appropriate code sequence may be used for the pilot channel. For 3
ex§Hp|el, VERSATT RebuERE 1Y v aasiRr fie pfot GEgRRA THENCluding

sultrsries oranINg UhitiRSrmaps dre pilappbdnnebto ehprogsiddearriers to
sut?:(i,arri- s. 25 The inverseafiast Ifrqurightran form unit F(Ij:(')l' 40

inver<8.fast ouri‘érr]-?ranSSWrrr]ns a signal mgludlnrgecﬂHee Bﬁ tcianieln into a
maphgdad thie stibeartiéretodamimiorm the signal in the frequency

domain into a si_gfpfaé in#hgr@nqﬁq@?‘%ﬁo 59@ gHarddrp‘tﬁyaI@gngggﬁit adds
42 adds guard intervals to the transformed sil_gnal. )
guard intervals to the transformed signal. The guard
intervals may be generated by a cyclic prefix (CP)
scheme.

The pilot signal processing block 34 generates
a pilot channel to be transmitted via uplink.

The pilot sequence generating unit 36
generates a code sequence representing the pilot channel
based on the code sequence number of the pilot channel
used for communications. Any appropriate code sequence
may be used for the pilot channel. For example, a CAZAC
sequence may be used for the pilot channel.

The subcarrier mapping unit 38 maps the pilot
channel to appropriate subcarriers.

The i1nverse fast Fourier transform unit (IFFT)
40 1nverse-fast-Fourier-transforms a signal including
the pilot channel mapped to the subcarriers to transform
the signal in the frequency domain into a signal in the
time domain.

The guard interval adding unit 42 adds guard
intervals to the transformed signal.

The multiplexing unit 44 multiplexes the L1/L2
control channel and the pilot channel. The multiplexing
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The multiplexing unit 44 multiplexes the 11/12 control channel and the
pilot channel . "'The multiplexing -21- unit 44 may multiplex the channels by
simple addition or by using a multiplexing scheme such as time division
multiplexing. A transmission signal incldding the multiplexed signal is
input to a radio transmitting unit 5 (not shown) and is wirelessly
transmitted via uplink. <C. BASE STATI(DN> FIG. 15 is a functional block

diggrgrp of4heRAsePIatigN 290 AReShah RS <L byhe §apa 28R 4G on or

200 includes a synchronization-detection-and-channel estimatign unit 15,

a QardURENal RmBYihE AnleXA R0 faSCEMRr F4torASunk tEET)dbYiSTon

a shibkaiiel edamappinunit@dardgiais sliorodulgignabit 23,recdat@ing  the

decoc*inq upit 25, an ACK/i\IAiC;SK dﬁted%\intirg)g unig 27’i% 1§r8é:r}’llg%lillg{:§%g unit
: .

annﬂllf) 'Ek %cﬁé((ﬁﬂina 'gggr?t signal Iggneratlng tnif 3 , an

otHeravaiiakthaands i genaragdg aait Bstaadan ARBM sigaaluplink.
generating unit 3 7 . The synchronization-detection-and-channel- 2_C
estimation unit 1,5 performs synchronization detection and channel
esﬁrﬁatigﬁ‘ﬁgsg 6& A(E:'NSt channel received via uplink. The guard interval
removing unit ~,Femovas gaardantfiyatstiionalrepdivek sigialgram of the

e oA o (Ao PLOUE THol e erog S e “station

rectdied digediudes therebysyanbiormszhd feceivalsighalon-taadrehannel -

dogay ia Rof90Alie NS regUenEy P A0 e RGRTIRS unit 17, a

deggggnu%%w}%égxngggégform unit (FFT) 19, a subcarrier
demapping unit 21, a data demodulation unit 23, a data
decoding unit 25, an ACK/NACK determining unit 27, a
scheduler 31, an uplink scheduling grant signal
generating unit 33, an other-downlink-channels
generating unit 35, and an OFDM signal generating unit
37.

The synchronization-detection-and-channel -
estimation unit 15 performs synchronization detection
and channel estimation based of a pilot channel received
via uplink.

The guard interval removing unit 17 removes
guard intervals from a received signal according to the
synchronization timing of the received signal.

The fast Fourier transform unit (FFT) 19 fast-
Fourier-transforms the received signal and thereby
transforms the received signal in the time domain into a
signal in the frequency domain.

The subcarrier demapping unit 21 extracts a
signal mapped to subcarriers. The signal may include
only a control channel or both a control channel and a
data channel.
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signal mapped to subcarriers. The signal may include only a control
channel or both a control channel and a data channel. -22- The data
demodulation unit 23 performs data demodulation of the received signal.
The data decoding unit 25 performs daZ®2-decoding of the
data-demodulated signal. 5 The data demodulation and the data decoding
are performed for a control channel and a data channel separately.

However, for breyify, thpSE-PTofsREERY Rt IS SSANIgY ColeCHG SRS data
15. The ACK/MACK determining unit 27 determines 1.0 whether the

upfieasialabher ffs 586 pripehvert AR for example,
performing errorfiatectidatdor exavdienthe aerrdrdetexsion peayfloams  data

perfarmed by cyclic redundancy check (CRC). The scheduler 31 performs
Ry B R R ICBUI R SN e scheduiing
may be performddibasda tior elemnasls lat #mradiodprdfyatitata decoding

CORGIHONSe APSiFRR U (QLRY oMY NNCEMAHREINUESIAN §ata channel
necessary. An[&appropnate algorithm such as a MAX-C/I method or a

pr&Rad OB airtdQeeY&hod Y btisad bY the WeR8BuIIRGOSERARK are
radie pregagatiod cooliitioos inevbe gatimatd hased on CQIs reported

from user devices and pp|ink radi opagation conditions may, be .
est i_mated baggaeonkrg%e II\%SEGI%%'@e'Sri}%d clftTa'Iﬁ:y( oS)drrelz%/e grnes
2.5vieptbsanted;fer exanhplekby dakaa ratbpamedror has, abe@n anproperly
allpwed delay. \Wpethargptrasieniisien is RESESPRMIGS deterqtited tion.
based on the acknowledgement/negative-acknowledgement

irﬁ%.ﬁxﬁrﬁﬁl@aCKmﬁ('.R[ror detection may be performed by

cyclic redundancy check (CRC).

The scheduler 31 performs scheduling to
determine allocation of radio resources. The scheduling
may be performed based, Tfor example, on the radio
propagation conditions, desired quality (QoS), and
whether retransmission 1S necessary. Any appropriate
algorithm such as a MAX-C/1 method or a proportional
fairness method may be used for the scheduling. Downlink
radio propagation conditions may be estimated based on
CQls reported from wuser devices and uplink radio
propagation conditions may be estimated based on
received SINRs. The desired quality (QoS) may be
represented, for example, by a data rate, an error rate,
and/or an allowed delay. Whether retransmission 1is

necessary may be determined based on the
acknowledgement/negative-acknowledgement information
(ACK/NACK) .

The uplink scheduling grant signal generating
unit 33 generates control information including
scheduling information (uplink grant) allowing
transmission of a data channel via wuplink. The
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30 The uplink scheduling grant signal generating unit 33 generates
control information including scheduling information (uplink grant)
allowing transmission of a data channel via uplink. The -23- scheduling
information includes allocated resource2®tocks and transport formats. The
other-downlink-channels generating unit 35 generates downlink signals
(e.g., adata channel, a 5 broadcast channel, a synchronization channel,

a plloh el NAlANd PHRYS PRI PbENaNG gl Bities than ik s5eedUlinGesource

information. The OF DM signal generating unit 37 modulates signals
indUABEESafts S8RRRIGHorHEBA Ems 10 according to OFDM to
generate a dowrTing teosevssiowaibiak htpaneal shey@didsigigpl unit 35

generating unit 37, performs processing such as chanpel o&ing,d ta
Gl IO ST PP DR g NBER T 3nd Geichioh of guiid fatexaine !+ @
Thieeagdiak traimaissioh sighal BYTE mpontza tadio trafngnitil.unk pilot

(NQtsheMel and4advirgigsel raRifeY ViRdaMAlls ¥ Dother than  the
VARIATIONS> (Uplink/Downlink) 2.0 In the above embodiments, cases

wherd et ing ehRdiBya@ Tt Aptink are mainly described. However, the

present inventiof ineay GisMbesapm@ll tgdawritki gy othei woB®s, hedulates
Preseabinyentian Sy fie widely applied 19 SYSIEMS WherGISlanSIISSIon g
contid! tormation an(SJ SE&hanRel qua%ity aicators are transmited using

a Acdpeatieg schemeFNUNber gfesiersaBandwidibwlmblsr dfransmission

Fregugcy Baphs)glBpAPove REDBRIMENL dria RSYEReF & e unit 37
each of the subfr_ames const _itilt Ing a radio frame )
performs processing such as channel coding, data
modulation, subcarrier mapping, IFFT, and addition of
guard intervals. The downlink transmission signal 1is

input to a radio transmitting unit (not shown) and is
wirelessly transmitted via downlink.

<D. VARIATIONS>
(Uplink/Downl ink)

In the above embodiments, cases where OFDM is
employed for uplink are mainly described. However, the
present invention may also be applied to downlink. 1In
other words, the present invention may be widely applied
to systems where retransmission control information and
channel quality indicators are transmitted using a
multicarrier scheme.

(Number of Slots, Bandwidth, Number of Frequency Bands)
In the above embodiments, it is assumed that
each of the subframes constituting a radio frame
includes two slots. However, the number of slots may be
one or greater than two. Also in the above embodiments,
one frequency band (first or second control frequency
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includes two slots. However, the number of slots may be one or greater
than two. Also in the above embodiments, one frequency band (first or
second control frequency -24- band) dedicated for transmission of control
information is provided at each end of2de system frequency band.
However, any number of control frequency bands may be provided at any
positions in the system frequency band. 5 Still, the control frequency

bapdsale rieffialivearaedsrahdhaldben R oss @hARRE PS PRPEIPIfation

from each other along the frequency axis in order to increase the diversi%
gathyRFQEIRY hddpirRAEN theNGo R E ek dimErtemredieqyency band.
hoppingve perfcimed bynibeahaoging thetfreduefexharteyerpalals may be

PpTBY R RS DR ORY PP PERUT Y SIARE Ry band.
freauency and every subirame or every one of mare symbols (e.g., ohe
or friotd BFDMgmbeRNtra blot. fie qegisythe aaeadar eadipreferably

UrapPPLRY 1t i Eh Prefesalleiaeset Hiedagdwighyof 8 ¢ap¥llas possible
freguency band as narrow as possible. Also, the bandwidth of a_ control

fredfieRty $ARE 2§ detdfifed i orlifedCieYsy &¥AShahawiatifer to

20 { ponralafarmatiainvhei Tham ALK/ NACKRraog €6dy) hdpp Bhgve In the
ema%og\i/rgents the, ackn vSvIed Irfgen&@g&gtivg-ackgﬂwledig%ementr formed b
information E{[&W[{]R@" ahd the channe quaﬁ)tel?ndlgator C@?are y

usethasgkagplesef fareeplentymbeod (ehe ey rakerited Lspgnatively,
co gwcyﬁéﬁﬂﬁﬁ V'HH%T‘}/at gBe endp £b iRdySiBY eIeNing  the

band. However, other control information may also be transmitted using

thel CBAHBNRUARYharfie FYr RERTI@TEraREmISYS eorR OF more
infeymidionsngedigg 2 paskegrumizarea G8MMNEYKibG Palerinard gIest. To
identigcation information . . . n n
redidce the “overhead 1In radio transmission, it 1is
preferable to set the bandwidth of a control frequency
band as narrow as possible. Also, the bandwidth of a
control frequency band may be determined according to

the system bandwidth.

(Control Information Other Than ACK/NACK and CQI)

In the above embodiments, the
acknowledgement/negative-acknowledgement information
(ACK/NACK) and the channel quality indicator (CQl) are
used as examples of control information to be
transmitted using control frequency bands provided at
the ends of the system frequency band. However, other
control i1nformation may also be transmitted using the
control frequency bands. For example, retransmission
control information 1including a packet number, a
puncturing pattern, and user identification iInformation
for a packet for which the ACK/NACK is returned may be
transmitted using the control frequency bands.
Nonetheless, to frequently report control information to
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for a packet for which the ACE/NACK is returned may be transmitted
using the control frequency bands. Nonetheless, to frequently report
control information to -25- the receiving end while reducing the overhead,
itis preferable to keep the number of-iBformation bits to be transmitted
via dedicated control frequency bands at a small value by limiting the
types of control information 5t_o the ACK/HACK and/or the CQI. Hybrid of

SigrHe (SE iR in heme a0m Vbt GaEdRlc righ 9R8) 1BJBSRBAYE it is
embodiment, for descriptive 10 purposes, it is aSsumed that the mabile

coRfFRRERRIE sfQehasRoIdeoRUINGSE: Bdih LRFREHAE BBniiks to be
Howeyesnibistdaes wbamdan ileat teel mobia reonnfuigaigmcsysisamds at a

MUSHEFPI0L0 QRPN ERERIRE skle semmunsalipn Syl acion
may employ both a'single 15 carrier scheme™and a multicarrier scheme
and@nthst tA€ KOs aleddivedtimethe@bove embodiments may be

used for the multicarrier scheme. For example, OFDM may be used

together with one of the.methods described in the above embodimentsin  _
an @R Wtdre @fiio prdptiich¥o dSiditionSAFd§ooddRYy., diubticarrier

negchdas) station) and a single-carrier scheme may be used in an area

where radio propggatign condiigns are Raor {e g qn areaopear dAe.cell oy e
edge) . When both a single-carfier scheme and a multicarrier scheme ar
used iipasgstemiitis S5 prafitaisld totheda ko tieihlissicpommunication

aNSMUSEION MEIPFSAMMEPER POFLTChagRH FOSKIMRIE. 448 downlink.

preferable to use oné of the transmission methods shown in FIGS. 2, 6

andA¥e Y8 Thesdhthod<l86Rot BScurrdifGuse fRetency thends mobile
that e distoattiunssysthenfrequencygmpibdie o 3Py rFDSE aferuereyple,
bagd r%ho%islgoné@rlﬁﬁﬂﬁf)géﬁon system may employ both a single-
carrier scheme and a multicarrier scheme and one of the
methods described In the above embodiments may be used
for the multicarrier scheme. For example, OFDM may be
used together with one of the methods described iIn the
above embodiments iIn an area where radio propagation
conditions are good (e.g., an area near a base station),
and a single-carrier scheme may be used in an area where
radio propagation conditions are poor (e.g., an area
near the cell edge). When both a single-carrier scheme
and a multicarrier scheme are used In a system, It 1Is
preferable to use a radio transmission method common to
both schemes. For example, it i1s preferable to use one
of the transmission methods shown in FIGs. 2, 6, and 10-
13. These methods do not concurrently use frequency
bands that are discontinuous on the frequency axis (i.e.
only use a frequency band that 1is continuous on the
frequency axis), and therefore can be used also for a
single-carrier scheme. Also, even when both a single-
carrier scheme and a multicarrier scheme are used iIn a
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frequency axis) and therefore can be used also for a single-carrier
scheme. Also, even when both a single- carrier scheme and a multicarrier
scheme are used in a -26- system, the transmission methods shown in
FIGS. 2 through 13 may be used to mdliplex control resources e., a user
device employing a single carrier scheme uses one of the transmission
methods shown in FIGS. 2, 6, 5 and 10-13; and a user device employing

a r%&%'&i@rﬁier sgiime Hpgn e Sf iniraneissies metheds shewn ikjgs. 2
F_Gs. 2-13). (Signaling Resources Used for ACK/NACK) 10 When

redeViRY S tortPol BRXNNRPOrUSEda Thaitt the keXeiiRg ERE hedSRUT CES
kngw Ikee [adip (rsouragswibed tehipleyitoe chasielghs-ew Hieradischeme
resources are usgd, Accqrdingly. when transmitting the, ACK/NAC the
TS W B s S i RO e ot 2 o
ar@béind 0sd@ ; Haweved, usBgiradie vdgasircasmhdyong this repditingarrier

maydAerRass beoVeihead f NGROrey { RHIGIRELY 315 eIPHAsS: Kiown in
necessary to devise an efficient reporting method. 2.0 Reporting Method
(1)FA|§§xel%r)i]eff’9 reporting method (1) is based on how scheduling

information is included in a downlink control channel e., mapping

positions of the 25 scheduling infarmatjon .A(g}g i 1/12 control
chir‘%nI qﬁéd@& %%ﬁ%?erggt% oqss%rﬁe(fﬂ#]g'ain oyrﬁé‘lgg# for users to be
multiplexed. In thib@nethioeic & Iy ERgunded closttoopdrol glifanmnatlonor a data

reSQMEERTUESOWRES YeRAHRY FRGLOLIEP MRIAHY COEESPRABING ®BHEe radio
30 maximum number of multiplexéd users Ncc5M are reserved. )
resources used to transmit the channel and how the radio
resources are used. Accordingly, when transmitting the
ACK/NACK or the CQI, it is necessary to report to the
receiving end how radio resources are being used.
However, using radio resources only for this reporting
may increase the overhead. Therefore, to efficiently use
resources, It 1Is necessary to devise an efficient

reporting method.

- Reporting Method (1)

An exemplary reporting method (1) i1s based on
how scheduling information 1is included in a downlink
control channel (i.e., mapping positions of the
scheduling i1nformation). A downlink L1/L2 control
channel i1ncludes multiple sets of scheduling information
for users to be multiplexed. In this method, 1t is
assumed that control information resources (resources
used for control information) corresponding to the
maximum number of multiplexed users Ncey uax are reserved.
The wuser device receives the downlink L1/L2 control
channel and extracts scheduling information for itself
from the downlink L1/L2 control channel. In this case,
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The user device receives the downlink 11/12 control channel and extracts
scheduling information for itself from the downlink LIiL2 control channel.
In this case, -27- the user device can determine whether scheduling
information for itself is included in the €diwnlink L1/L2 control channel by
repeating the decoding process for up to the maximum number of
multiplexed users NCCH MAX 5 Let us assume that a user device UE has

fougitl dowlik scedifipg infeapatiopdiistififd theydBtReGodingchedul ing
process (i.e., at the xth position). The user device UE receives a downlink

dat AR AT Lok A 5B dis dSeclindRE abinkhe sdpudliagk L1712
infomnatianl1 & hae ge delayeran AV NAChtor deedawntinlpttaieess for up

ch%nn [, Then, the user- device OF repﬂts trie ACA(/NACK tq\lthe base
0 the maximum nl.lmfaer murtiplexed usets -
station by using a control Information resource ¢orresponding ohetdone

to the xth positiohe MeaawaiisUMhe Usat devittSBE fie LptinkELshas found
SchRMIPFAROTSRHICA 94 RRE!T A I HBERERUIFY (PTGGEsE (ire- At tNehe  xth

xth position), the user device UE transmits an uplink data_channel using

reSHRFQIBRBKL EREERE Klth uplifschRBuMEInBRRATHPWhen Ne user
rectawii g &heuaplink claiiasekannel de bask si@tien 20igeneesies/dd resource

A NACK. Then_-the base station writes CK/NA at the xt .
BIBeR Spean e o3t g etk Siea iy ifrormation
theand KgeAERadieie ath ACKKINAGK tHeodovhikdowna toktrolakanabannel .

angthdefermppRs WREIher eNARINISHON jo PEFRSSAVNEICTRE K ARABK to the
assumed that the transmission timings of the data channel and the

ACIIRACRERT kABwPY SRS statiiPRkbAle NEFREVREI Qfith figsSource
positpiraldpatiadsljp hesveen stbedolinghiaformativosieiennirol

information Meanwhile, if the user device UE finds uplink
scheduling information for itself at the xth decoding
process (i.e., at the xth position), the user device UE
transmits an uplink data channel using resource blocks
specified iIn the uplink scheduling i1nformation. When
receiving the uplink data channel, the base station
generates an ACK/NACK. Then, the base station writes the
ACK/NACK at the xth position in a downlink L1/L2 control
channel. The user device UE reads the ACK/NACK at the
xth position in the downlink L1/L2 control channel and
determines whether retransmission Is necessary. Here, it
Is assumed that the transmission timings of the data
channel and the ACK/NACK are known to the base station
and the user device.

With the positional relationship between
scheduling information and control information
determined 1i1n advance as described above, the user
device and the base station can determine whether
retransmission IS necessary without reporting user
identification information and resource information each



30 determined in advance as described above, the user device and the
base station can determine whether retransmission is necessary without
reporting user identification information and resource information each
-28- time. - Reporting Method (2) In the2Bporting method (1) described
above, 5 mapping positions of the control channel are used. In an
exemplary reporting method (2), positions of resource blocks are used

in

In this method, control information resources corresponding to

the total number of resource blocks NRBWX are reserved. 10 Let us

assume that a resource block RBx at the xth position is allocated to a

user @eyica Yimigr Méstrdink (cnsmission. The user device UE decodes a
data channelin ihe resaurce block RB x and gener an ACKINA
y Liges

for the data channel. h%n,riﬁg%ger' Hgvicn(]ee

BeSErpRg A apove.

S to thRpHRIStRiS by @@mgoaf cbhﬁrona_fatmlioéh@em&de aveesmadingn an
0”%32%?96?&?%“%‘5822?%@ Mesnwhile (ohen dEsPriehHBIOKRBource
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the xth position is all

e I
traRdRRSHN, HEuserRice USEEASmits AR upifiid §ata BREARS via RN TIOI

0 the user device UE for 20 uplink

resinifeahiotk ftBxr¥émir ceceidog iespplitkidaja ebantied theleade number
statipn generates %ri égllélNﬁCK. Then, the base stgtion writes the

ACKINRCIOHT fhe x

h posi o 4 loRTink TIT 2 ‘eofitrol 25 channel. The

user device UE feaitis the ACINICKtake thissstionda tHelgsiknliRR_x  at
L1417eCoRiR! GHaBReidN JSlednipse MsiersLlangaissiondyice UE for

necessary. Also in this method, it is assumed that the transmission

ti

b te diansmhasiat thENRCKAGICKYd kRolk tdlaRodes a data

channel 1In the resource block RB x and generates an
ACK/NACK for the data channel. Then, the user device UE
reports the ACK/NACK to the base station by using a
control information resource corresponding one-to-one to
the xth position.

Meanwhile, when a resource block RB x at the
xth position i1s allocated to the user device UE for
uplink transmission, the user device UE transmits an
uplink data channel via the resource block RB _x. When
receiving the uplink data channel, the base station
generates an ACK/NACK. Then, the base station writes the
ACK/NACK at the xth position in a downlink L1/L2 control
channel. The user device UE reads the ACK/NACK at the
xth position in the downlink L1/L2 control channel and
determines whether retransmission is necessary. Also iIn
this method, it is assumed that the transmission timings
of the data channel and the ACK/NACK are known to the
base station and the user device.

Thus, determining the positional relationship
between allocated resource blocks and control
information iIn advance enables the user device and the
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30 base station and the user device. Thus, determining the positional
relationship between allocated resource blocks and control information in
advance enables the user device and the -29- base station to efficiently
determine whether retransmission is né8essary. Since the CQl is
generally reported at predetermined intervals, information (e.g., a 5
transmission resource number, a transmission interval, and a transmission

PEHANECESTAY IBNTaNSPUSSIONFF G &Y NRY P&RgBMEPhe  whether

(transmitted) anly once when the CQI is reported the first time or may be
sighaldcPPasTRiken) dsy HReeSReEYroadcast channel in 10 advance.

This method makdsit@ossiible to EPPrt tesCQhdoictha Begondrapdrted at
sub§,ee%1ee{1é }jmeﬁ bdelsed a7, eera\lllgef\gy signﬁllr(]a{;ioipWr ation and thereby
makes it poss%\e % reduld e dRount of signallng.al. NbusTRIAE--
APBIMACABIIST YOThe IPPSSRHIGeye MIBTDEAN bedapblie snasp kpprophierval,
Mok cAmEPALTAIGE RYRICALRBED Coltldalr e ISvaRmIiEdion of

by using a multicarrier scheme. 20 present invention is not limited to

thetRpebifdalAysQ6sst SnBbafn s 2RI dMs ARl nfdfRalibes the
mayQie miasle wihouttdepareng frofii et scepeof tha-presept imentohgnaled
Altpouah speqific.yglues 2pre dised inifie abgue descriptions odadlialy i
the* understanding of the pl%senpmventlon,the valf)ues aré just examppes

anddifearent.validsmag tiesbaakes iesosibehliee tierteopedtTitde COI

disppFliGiPLWEB AN RINRABIEALRAE NOFFESCHIA LR BR PEEREMI ready

invention, ) ) ) )
signaled information and thereby makes it possible to

reduce the amount of signaling.

INDUSTRIAL APPLICABILITY
The present invention can be applied to any

appropriate mobile communication system where control
information 1is transmitted by using a multicarrier
scheme.

The present invention is not limited to the
specifically disclosed embodiments, and variations and
modifications may be made without departing from the
scope of the present invention. Although specific values
are used in the above descriptions to facilitate the
understanding of the present invention, the values are
just examples and different values may also be used
unless otherwise mentioned. The distinctions between the
embodiments are not essential for the present invention,
and the embodiments may be used individually or 1in
combination. Also, subject matter described 1in one
embodiment may be applied to subject matter in another
embodiment unless they are contradictory. Although



30 and the embodiments may be used individually or in combination.

Also, subject matter described in one embodiment may be applied to

subject matter in another embodiment unless they are contradictory.

Although -30- functional block diagram8@se used to describe

apparatuses in the above embodiments, the apparatuses may be

implemented by hardware, software, or a combination of them. 5 The

PregaRtfemalionabarRiication plajipsmerionityfgom JapageseRptentiescribe
Application No. 2008- 055580 filed on March 5, 2008, the entire contents

of AT &feIRER DY ﬁ‘ucoFB@rat@H‘P]\é?eurﬁﬂngé?é%%SJsl TOEAIRRPRTATUSES

trapayittingedevigepdicmercbdd copynunicationsysicm gofioymges, or a

multlcabmer %chem 1=S{Zhe fransmitting device comprising: mapping unit

conPgure(r:??o map control Shformation to subcarriers in a subframe; an

inverse Fourier tfgsfopnastidonfijuted nativaned-Faprtteatiom aclaims
SIGRi i pRyaerh L0EaMiRldorPalRN ENduo INSIIEOR UNo . - 2008-

configured to wir_elessly transmit a -ransmi_sson signal i_ncl_-uading

thd2 3R sel Hhieeafan¥frflad Sign2498- reé@lﬁn&ﬂg k€ \ﬁﬂ@f%‘?rﬁ‘ts of
1. vthiectondried irierresipniia coanecetesdntiel diagueycy bfedeiias are
discontinuous in a frequency domain and are provided across the

subframe separ_at_eiy from frequency bands for a shared data channel;

and the mapping is performed such that the control 20 information for the
receiving device mapped to one of



the control frequency bands is transmitted at the same time as the control
information or the shared data channel- for the receiving device
mappedt o a different frequency band. 25 2. The transmitting device as
claimed in claim 1, wherein the mappi@d is performed such that the
control information for the receiving device mapped to one of the control
frequency bands is transmitted at the 30 same time as the same control-
Information or different control informgtigipjar the receiving device
mapped to another one of the control frequency bands. -32- 3. The
transmitting device as claimed in claim 2, wherein the subframe includes

two or more timeLunits A andey dressmipppinggs peléwrinasl sufeh thah  mobile
fi_r_st contrgk,i' nformat ,.;__on and secand control in‘ renation for_ the

communic oN . SYStg em VAN a_ Mmu icarrier scheme,
receiving 'aewce are tra Smlﬁgd USIng gﬁ{fere%t ones O e COFI'[I’O%

5 frefhendyrpasisiihthogagdrvdReoCanpime s, 1.0 4. The transmitting
device as claimeg inr%ﬁ‘i §?Whgpqrtea%ﬁﬁwpgg unigs)is zmgl,gt thabntrol

is one_ half of the subframe. I5 5. The transmitting device as claimed in

clahi TO rRREEAN HEAMEHPRE ¢ perisrisy uSYBEE A&t control
,._nformat_;:_onaand Bevendeormol inferimatipafifthenrecgiving devidd gured

A LSty AT A TR plekings Y GnalF BF BRES napped
plexing.
10 control information; and
a transmitting unit configured to wirelessly
transmit a transmission signal including the inverse-
Fourier-transformed signal to a receiving device,
wherein
15 the control information is mapped to control
frequency bands that are discontinuous iIn a Tfrequency
domain and are provided across the subframe separately
from frequency bands for a shared data channel; and
the mapping is performed such that the control
20 information for the receiving device mapped to one of
the control frequency bands i1s transmitted at the same
time as the control information or the shared data
channel for the receiving device mapped to a different
frequency band.
25
2. The transmitting device as claimed in claim
1, wherein the mapping 1Is performed such that the
control information for the receiving device mapped to
one of the control frequency bands is transmitted at the
30 same time as the same control information or different
control information for the receiving device mapped to
another one of the control frequency bands.
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6. The transmitting device as claimed in claim 2, wherein 2.5 the
subframe includes two or more time units and first control information and
second control nformation for the receiving device are transmitted over
the two or more time units; in a first or82f the time units, the first 30
control information is transmitted using a first one of the control frequency
bands and the second control nformation, is transmitted using a second

one of the contrgl fregeney fadd§edithP il #secard eng phie tirﬁeclalm

jini-s, the first control information is transmitted using the second one of

thezeor‘f‘fﬁﬁﬁ‘:‘ehﬂency bands and the second control information is

transmitted using tize ygbdranttheént badissl freapieney bhands. Tilke units;
transmlttlng device as claimed in claim 6, wherein each of the time units

isa s%t that is one half of the subframe. 1.0 8. The transmitting device as
claimed in claimthewhéreppthegsubframepatifideneslo osuiite titltadnitsFirst

in @ G PER OF HFFRS HIBR: METd1SeRusial INEYRIgHS R foi"r’iti%ﬁ?&t"i% for

device is transmitted using a first one and a second one of the control
frei08ncy BSRAY APGhe %ﬁé%neaaﬁﬁj ity 3BSBHEERE ofiisd e Gifferent

seooik cotftratirformmationddr theggoeivinyg dexiceds 0 thesnaitied one of
usqglg th%flrst one.zi::ld the second one of the control frequency bands at

thesame Tine. 9! Tha ‘transmitting device as claimed in claim

4. The transmitting device as claimed in claim
3, wherein each of the time units is a slot that is one
half of the subframe.

5. The transmitting device as claimed in claim
2, wherein

the mapping 1is performed such that Tfirst
control information and second control information for
the receiving device are transmitted using the same one
of the control frequency bands and different codes for
code division multiplexing.

6. The transmitting device as claimed in claim
2, wherein

the subframe iIncludes two or more time units
and TfTirst control iInformation and second control
information fTor the receiving device are transmitted
over the two or more time units;

in a Tirst one of the time units, the Tirst
control information is transmitted using a first one of
the control frequency bands and the second control
information is transmitted using a second one of the
control frequency bands; and



10

15

20

25

30

8, wherein each of the time units is a slot that is one 2.5 half of the
subframe. 10. The transmitting device as claimed in claim 3, wherein the
first control information is acknowledgement/negat’ive-acknowledgement
information for 30 a previously receive@8hared data channel and the
second control information indicates quality of a received radio signal.
-34- 11. The transmitting device as claimed in claim 1, wherein the

transmitting devigg is;a USRIoARViEHOT the rppileCARMURIGRtoN SYSEEMFirst

5 12. A method performed by a transmitting_ device for a mobile

I
coffiliichiohTRtena oy dTANGEAHERdchEM8dnd RfetisFond one
compristhe thestandf: Mappugreoptrelandsforami_;ties tGederalr_ cssitrol
n fsbians 0 inersg Equier fansioming 2 9nal gfpe mappedor gy
control mfgrmaﬂon, and W|r_eISesst ransmﬁtlng?a transmission S|gna6I
inchahitg e frastseraurpaads. r_ansformed signal- to a receiving
device, wherein 15 the control- information is mapped to control
frequency bands that are discontinuous in a frequency domain and are

provided across fhe $thsrdHh@REPALES NGy GRN FRBEnSABdMRKofg claim
shargdviasa ehanreichnbthe thappiigies perirseilsush Sksthabetirdls one
ZOHgPJi!n%qpq: or t%%{)‘%%%\@gg device mappgd to one of the control

frequency bands’is transmitted at the same time as the control

information or the shared data channel for the receiving device

mappedt_o a differeni, Fegyeniiddifg device as claimed in claim

2, wherein

the subframe includes two or more time units;

in a fTirst one of the time units, Tfirst
control information for the receiving device 1is
transmitted using a first one and a second one of the
control frequency bands at the same time; and

in a second one of the time units, second
control information for the receiving device 1iIs
transmitted using the first one and the second one of
the control frequency bands at the same time.

9. The transmitting device as claimed in claim
8, wherein each of the time units is a slot that is one
half of the subframe.

10. The transmitting device as claimed 1In
claim 3, wherein the TfTirst control information is
acknowledgement/negative-acknowledgement information for
a previously received shared data channel and the second
control information 1indicates quality of a received
radio signal.
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13. A receiving device for a mobile communication system employing a
multicarrier scheme, the receiving device comprising: Fourier transform
unit configured to 30 Fourier-transform a received signal; demapping unit
configured to extract a signal mapped3d-subcarriers from the Fourier-
transformed signal; and -35- a decoding unit configured to decode control
information extracted by the demapping unit, wherein the control

information is exjractedriiem gpniFlfiREEPRGY baBds At &6  claimed in

discontinuous in a 5 frequency domain and are provided across a

subtah® sebarat¥ipreH Fre§ihcy B AR E L WPGref Y ECRhahRel, @  USEr
andéha centfolinfohmanon idréhe seoiviig adavice gappen 1o one of the
control frequency bands and 10 the control information or the shared data
channel for the receiving device mapped to a different frequency band

are included in algame imensdilvedn tive sfiofraed. 14y A raethbgansmitting

Pefeimed by recevinghBavee loiaharieieicRMrylqalion 8rpeBying a

emplc()!ylrlg a multicarrier scheme, the method comprising the steps of:

FollHA L SALE RN SCRRBR e dWigh 1S ERALCHRYTR EARENhabpedtders of:
subcarriers fromnthp Frbwgerchanaforimethsigralaaid 20 decaslingaemielrs in
informatbop extracted in the extracting step, wherein the control

. a S rame

information ie Extracted from control frequency bands that are

discontinuous in EnViegaenEpushamn-andasfpiovided asrossigealfranke the

25RERpEIEY IR T PIFRTOPRRGDIPY aHtpred data

wirelessly transmitting a transmission signal
including the inverse-Fourier-transformed signal to a
receiving device, wherein

the control information is mapped to control
frequency bands that are discontinuous iIn a Tfrequency
domain and are provided across the subframe separately
from frequency bands for a shared data channel; and

the mapping is performed such that the control
information for the receiving device mapped to one of
the control frequency bands i1s transmitted at the same
time as the control information or the shared data
channel for the receiving device mapped to a different
frequency band.

13. A receiving device Tfor a mobile
communication system employing a multicarrier scheme,
the receiving device comprising:

a Fourier transform unit configured to
Fourier-transform a received signal;

a demapping unit configured to extract a
signal mapped to subcarriers from the Fourier-
transformed signal; and
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channel; and the control information for the receiving device mapped to
one of the control frequency bands and the control information or the
shared data channel for 30 the receiving device mapped to a different
frequency band are included in a sam&%me period in the subframe. 15.
A mobile communication system employing a -36- multicarrier scheme,
comprising: a transmitting device; and a receiving device, wherein the

transmitting devige ekisiepry2 MRAPRING YA FGIFSI e HRR688%ontrol

information to subcar r:_er_sin a subframe, an’inverse Fourier transform
unit 'ISFHRIRPR iﬁ%&%@%ﬁie‘ﬁraﬁ@%rﬁl\e&‘@@%ﬂ& Wi happbgrein

control informatieheandccbf@a-vdnsnmittFgruzitdoniguied toextretasebd  From
transm{% a t[angpission signab incclludinghglg iné/?_rse-gourier-t ansformed -
0

. CoONtr eqguen . S e .disconrinyous. In a
S|gnap ?he receiving (5: V|ce;atﬂe receiving device mc\uc(i:es a rFourier

traﬁswmoﬁ@p@émto Mriéﬂt&ans_ﬁ@‘m{ hdedeivedIigwil, a subframe
degigpRingrd Iy, confRYed @r@a{?éﬁéaﬁ'gaa'r{a@pp%io SUPCagip{pd®M data

the Fourier- transformed signal, and 20 a decoding unit configured to
deEEFMBhirofiifbrmation extracted by the demapping unit; the control-

information is magpred togoniol frequefmyntaniisrihatfae disgeatinweuseiving

in a freguency. domain and are previded across the sybframe separatel
B R Y8 S0E, YRR SE R L e A8 BiRs ana
the control information or the shared data channel for
the receiving device mapped to a different frequency

band are included in a same time period in the subframe.

14. A method performed by a receiving device
for a mobile communication system employing a
multicarrier scheme, the method comprising the steps of:

Fourier-transforming a received signal;

extracting a signal mapped to subcarriers from
the Fourier-transformed signal; and

decoding control information extracted iIn the
extracting step, wherein

the control iInformation 1is extracted from
control frequency bands that are discontinuous 1In a
frequency domain and are provided across a subframe
separately from frequency bands for a shared data
channel; and

the control iInformation for the receiving
device mapped to one of the control frequency bands and
the control information or the shared data channel for
the receiving device mapped to a different frequency
band are included in a same time period in the subframe.

15. A mobile communication system employing a
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the mapping is performed such that the control information for the
receiving device mapped to one of the control frequency bands is
transmitted at the same time as the control nformation or the shared data
30 channel for the receiving device mapped to a different frequency band.

multicarrier scheme, comprising:
a transmitting device; and
a receiving device, wherein
the transmitting device includes

a mapping unit configured to map control
information to subcarriers in a subframe,

an inverse Fourier transftorm unit
configured to inverse-Fourier-transform a signal of
the mapped control information, and

a transmitting unit configured to
wirelessly transmit a transmission signal including
the inverse-Fourier-transformed signal to the
receiving device;

the receiving device includes

a Fourier transform unit configured to
Fourier-transform a received signal,

a demapping unit configured to extract a
signal mapped to subcarriers from the Fourier-
transformed signal, and

a decoding unit configured to decode
control information extracted by the demapping unit;

the control information i1s mapped to control
frequency bands that are discontinuous in a Tfrequency
domain and are provided across the subframe separately
from frequency bands for a shared data channel; and

the mapping is performed such that the control
information for the receiving device mapped to one of
the control frequency bands is transmitted at the same
time as the control information or the shared data
channel for the receiving device mapped to a different
frequency band.



