-1- SPECIFICATION TITLE OF THE INVENTION USER DEVICE, BASE
STATION DEVICE, AND METHOD IN MOBILE COMMUNICATION
SYSTEM J TECHNICAL FIELD The present invention relates to the next
generation mobile communication scheme.,More particularly, the present
invention relates to a 10 user apparatus, a base station apparatus, and a
method in the mobile communication system of the next generation mobile
communication scheme. BACKGROBRNT ART 45 1R%his kind of technical
field, reséarchE and developivemtorotfie next generation communication
system is rapidly progressingo v thezcomnumications systenvconsidened as of
now, fromthe, yiewt Roi of widening: soverage while seducing PAPR (Peak -
to 20 Average Power Ratio), it is proposed to use a single carrier scheme
for upllnk In addition, in this communication system, for both of uplink and
downllnkw properly assigned, as a form of a shared
channel which is sharéd by Rr25 plitality 0f b5e) ateorlimpto-0 the next
communigatien states ofieach eisepand the like.dviore-particularlyo raedata

signal of g-user dn the uplink-isdransmitted by aghysical uplink shared 5
channel @%%CQBPEQ%&SWS achannel;and /signal’ may be used 30

synonymous ong; s ther lS no fear of confusion. A data si Iofa
user in the dow Ilnlkn ranSiii tleqebﬁ(émp 1i/%llcffaffBownllnklgﬁgre(?}%annel
(PDSCH) Prbcesdifg ?&l@é{eﬁﬂmﬁﬁéﬁﬁﬁféhf%tB@%é?l%ﬁeéﬁﬁedullng In
order to properly perform scheduling in the uplink, each user apparatus
transmitsa ceferencensigral (also called as a pilot

15 In this kind of technical field, research

and development on the next generation communication
system is rapidly progressing. In the communication
system considered as of now, from the view point of
widening coverage while reducing PAPR (Peak - to -

20 Average Power Ratio), it is proposed to use a
single carrier scheme for uplink. 1In addition, in
this communication system, for both of uplink and
downlink, radio resources are properly assigned, as
a form of a shared channel which is shared by a

25 plurality of users, according to communication
states of each user and the like. More particularly,
a data signal of a user in the uplink is transmitted
by a physical uplink shared channel (PUSCH). The
terms “channel” and “signal” may be used

30 synonymously as long as there is no fear of
confusion. A data signal of a user in the downlink
is transmitted by a physical downlink shared channel
(PDSCH) .

Processing for determining assignment is

35 called scheduling. In order to properly perform
scheduling in the uplink, each user apparatus
transmits a reference signal (also called as a pilot



-2- channel) to a base station, and the base station evaluates the channel
state of the uplink based on the reception quality. In addition, in order to
perform scheduling in the downlink, the base station 5 transmits a reference
signal to the user apparatus, and the user apparatus reports to the base
station information indicating channel state (CQI: Channel Quality Indicator)
based on the reception quality of the reference signal. Based on the CQI
reported 40Pé1A Pachuser appardtts thetbasestationt ebalkatest #e on
channel state obthesdowrlinktorperforat scheddlinghef dewnlirk. Jdeed on

contents of scheduling: are fransmitied toreachiuseriapparatusdyysa dowslink
control signak JThis control signgl is called ads dawnlink LYL2,control: 5+ 5 o

chanonel r%rgonvlvlntlinké_léL ecgn}lrglesiggalﬁf}s l,épolintl%ceongrsol §iga[1alsd tg re_
are controlinformation (caﬁ ed first control in ormation, for the sake of ’

convenietice) tHit 26°§Houid B transmitted By atcompahyin &l uplik data
signal, and Eentreltinformatidh(eallesedorith Tonirokinforfiation, forahael
sake of cpnweniencehdhatis dransmitied ircespective of the- presence brty of
absence ©of the-uplinkcdata signala The fisst25 contraliaformation includes

infarination fecessary,, (or demadulation,of 2 datg, signal, stich 83 madylatian,
scheme, channgl codlqg rate and tPetIﬁ(ee 8f the data s%nal. The second

control intf(k)lreméjtloanmilr?c udes Eﬁlolnformatiorcf V(V)If'l%jﬁ\r/lvnliﬁ channél’ 30

acknowletdfgeifientinformatioR {AEKINACKIST dowrimktdatalsighar anding
informatien ©f tesowrte assignhtert ardguest andcthe fikeuFherefered tharéis k
a possibility that the userapparatus transmits onlys the fitst contrell 1ed a
infargatign,.anly the segend 33,conpyol infarmation, or both,afthefirstand
the secog(gn%orncgrlol g}fgggﬁt.ion by using the uplink
As uplink control signals, there are
control information (called first control
information, for the sake of convenience) that

20 should be transmitted by accompanying an uplink data
signal, and control information (called second
control information, for the sake of convenience)
that is transmitted irrespective of the presence or
absence of the uplink data signal. The first

25 control information includes information necessary
for demodulation of a data signal, such as
modulation scheme, channel coding rate and the like
of the data signal. The second control information
includes CQI information of downlink channel,

30 acknowledgement information (ACK/NACK) of downlink
data signal, and information of resource assignment
request, and the like. Therefore, there is a
possibility that the user apparatus transmits only
the first control information, only the second

35 control information, or both of the first and the
second control information by using the uplink
control signal.



control- signal-. -3- When a resource block (radio resource) is assigned for
transmitting an uplink data channel, the first. control information (and second
control information as necessary) is transmitted by the 5 resource block. On
the other hand, when the uplink data sign_agjs not transmitted, it is
considered to transmit the second control signal by using dedicated
resources (dedicated band). In the following, an outline of an example is
described in 10 which BsahRisiseelin Stch eoway. (FRy?E Shéws aubaiid usé
example of eptink.d Fige's shows sesources (apluralityrdf restarcehblocks), for
transmittingthe physicab uplink sharedrghannel (PUSCH)that is thenuplink

data signal,and, 15 shaws resaurces {¢oryesponding, to, the dedigated;, band)
for a user to which thglres urces for Epe P SCHhaarngot aﬁ:lgnegeto&rpaffm(lt

. resource. . n the other W T
the upllnrg control signal. The latter IS calﬁa. a physical” uplink control

channel (PUSCED) IRtthe 'ekamitle PoPSdwrt itthe figurie, o Srimdré of t©
four resource Yidckstare axssitfried] wAusers,larkd atfirst Foppirsg eontrol
signal andkal seeanrdihopping:control signat are prepared in attransmission

time interval (B14).n gnd anthirdthopping eontrolsigna) and:a fowrth:-25 hopping
contgol signal.are prepared in @gefgllg\@{infgugg I.aE%[bhopping control signal

corresponds to PUSCH. By performing hopping with respect to time and
frequency in TTIs or sgﬁf?-a%nes’é%?]\/sergit%gﬁél%%gn 60 Céfnéjg E%?:ﬂlgfk )

the first t6 ¥6urth 30N phTF EIRtrSISigials hidybé béchpiedBy ore Gser or
may be rmudkiplexedizyra phrralkityiof usees. Tthis type of ransmissidn stlkeme
of the uplink caatrol (sigpals) istdeseribed im thesponpatertdocsmadl, and
[Nqnﬂxﬂgﬂg%%CW@%%Egég%PEéyﬂggg%g%&ghg to the dedicated
band) for a user to which the resources for the
PUSCH are not assigned to transmit the uplink
control signal. The latter is called a physical
uplink control channel (PUCCH). In the example
20 shown in the figure, one or more of four resource
blocks are assigned to users, and a first hopping
control signal and a second hopping control signal
are prepared in a transmission time interval (TTI),
and a third hopping control signal and a fourth
25 hopping control signal are prepared in the following
TTI. Each hopping control signal corresponds to
PUCCH. By performing hopping with respect to time
and frequency in TTIs or subframes, diversity effect
can be obtained. Each of the first to fourth
30 hopping control signals may be occupied by one user
or may be multiplexed by a plurality of users. This
type of transmission scheme of the uplink control
signals 1is described in the non-patent document 1.
[Non-patent document 1] 3GPP,R1-071245
35
DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION




DISCLOSURE OF THE INVENTION PROBLEM TO BE SOLVED BY THE
INVENTION -4- In the above-mentioned proposed methods, t is necessary to
report, to the user apparatus, which resource should be used for the uplink
control signal by using the downlink L1/L2 gontrol signal. 5 As to the uplink
control signal for a user to which resources are not assigned for transmission
of the uplink data signal, it is necessary to report, to each user apparatus,
which slot in the dedicafed-esalte&s SHEME 1 GSed FRARMIBSSIBA Ui the
10 uplinkicontrol sigrrad.sEhe uplink epntrol, sigralt ayuerly ircluderatus,
acknowledgrmentiatosmation s (ACKINACK). Jor example, £ssentially, @y ro1
one bit is necessary forsthe aakpowledgmentinformation, But,thes s gna1 |

acknowledgment information plays a central 15 rale in retransmission cqntral,
andr,g?rue‘?A 05? fg%et %? thlépa&nn}gw 8&3 rﬁ%gt infarma io%noljzflrgaellf/J %ﬁgcéo wch

throughptif SPHaa Farisiissioh. fMowelRTAnlthé corfentibnsimetriva, 1o
transmittitigyltheacknbwledgment informationSwhicheis Inérelyr6re bit, 200
using thesuaplink, itds nepessary ie report,db the cuserrappasatiisdwhiche d
resource,shoyld-be yseddan dransmissian of the agknowledgment  the

infqrgnation Py, using, the downlipk 1:1/L.2 eontral signal eachtime. Thys, ;
there is amgroblerp that SLiCh proce%@%llse§5 inefficient. In addition, there is a

problem in ¥h&tit i difticuf 16 ePRARSS quaﬁfﬁ‘/eorﬁhelnac?(%%%vtfelcfé]ment

informatidA St harddd SBEIT 6ding gt foritAé BéknoWiedgriento 1t
information haviresmerely ope bit: SOArk object dftivenpreseAtinvention is to
efficientlyraport, te the: userappaiatis; which resaurce shioaidbe usedder 1

transmitting; in the pplink, coptrol informaation thaf has @ small augiber ,0fs

NELbUtg@Ig%gﬂg%%ngf%@g%%nt information largely affects
throughput of data transmission. However, in the
conventional method, for transmitting the
acknowledgment information, which is merely one bit,

20 using the uplink, it is necessary to report, to the
user apparatus, which resource should be used for
transmission of the acknowledgment information by
using the downlink L1/L2 control signal each time.
Thus, there is a problem that such processing 1is

25 inefficient. 1In addition, there is a problem in
that it is difficult to enhance quality of the
acknowledgment information since it is hard to
obtain coding gain for the acknowledgment
information having merely one bit.

30 An object of the present invention is to
efficiently report, to the user apparatus, which
resource should be used for transmitting, in the
uplink, control information that has a small number
of bits, but that requires high quality.

35
MEANS FOR SOLVING THE PROBLEM

In the present invention, a user apparatus




35 MEANS FOR SOLVING THE PROBLEM In the present invention, a user
apparatus -5- which transmits an uplink control signal to a base station
apparatus using a single carrier scheme is used. The user apparatus
includes: a unit configured to receive a dQ\g/nIink control signal and 5 a
downlink data signal; a unit configured to prepare acknowledgement
information indicating positive acknowledgement or negative
acknowlétyerherttfor fiel dowilinkdtatd Sighal Eranit Eéafigured to prépare
the uplink centrolsigpalaneludingutherkd ackniovdédgement iforsuations aiunit
configuregstos transmit theduplinkcontrolisignakusiag €':.fh erent: resources
which are different fromyresources fhat, can,he ysed foran uplinkdata signal
and Storag%w%'ytl%%”f' ured 1o store predetermined 15 correspondence  re
relatlonsﬁip which uniquely as,so%la?eé resources QP&HG,C?OWI%IHKCO_FRI‘O P
signal oPthE doWMHKEdHA 'sigrisl Withfresolrce uset for kB Uplihk Eontrol
signal. 26 EFFECT CRTHE'PRESENT INVENTION A¢csidiitptothepresént
inventiond itwbhédornes possibiertoéfficiently teparsioithe tser tapparatusy e
informatien dndigating.which-reseuece; shoulde used in uplink for
trapsmitting,control 25 pformation that has g small number ofbits, but that
requires szpn%uallty. RIEF E)E CRIPTION CF, THE.DRAWIN

SFlg.lisa
diagram s 0W|nnél§ band us8" 38 ‘exaripié Used 17 rz}l"’lrrl]oblifelrclgmcrinlu%i%ziftleorht

xam
system; Fi§ 2%5Hows & biock diagrait g)f S1U5RF apparatis acesrity {04 first
embodinvent o the: prdsdntinventiant Hig 3ds aadiagrana Showing examplesge
of TTI, 3brsubfrasne agdddock;o store predetermined

15 correspondence relationship which uniquely
assocliates resources of the downlink control signal
or the downlink data signal with resources used for
the uplink control signal.

20 EFFECT OF THE PRESENT INVENTION
According to the present invention, it

becomes possible to efficiently report, to the user

apparatus, information indicating which resource

should be used in uplink for transmitting control
25 information that has a small number of bits, but

that requires high quality.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig.l is a diagram showing a band use

30 example used in a mobile communication system;

Fig.2 shows a block diagram of a user
apparatus according to a first embodiment of the
present invention;

Fig.3 1is a diagram showing examples of TTI,

35 subframe and block;

Fig.4 is a diagram for explaining

properties of CAZAC code;



Fig.4 is a diagram for explaining properties of CAZAC code; - 6-F-g.5is a
diagram showing a situation in which each long block LB is multiplied by a
factor (modulating data); Fig.6 is a diagram showing a situation in 5 which
each long block LB is multiplied by factors {modulating data and block
spread code); Fig.7 shows a block diagram of a base station apparatus
according to a first embodiment of the present invention; 10 Fig.8 is a
flowchart showing an épération Sexarfiplefafie preserit inventioht Figi9 s an
flowchartsfor speeifydhg tode infarmiation ficmroréadgalst énfolmatiorf andor

assigned(ﬁ@amt;@@?igﬁ@is a diagram showing ;etting examp!es of
CAZAC codes, cyclic shif amaunts and, hangs @%%@?Joyfae&el%ggig% flow
shown in Fig.9: Fig.11 is a diagram ing an example of, correspondence
rela\ﬁonsﬁfbgﬁe w%%e(r:\%rezglﬂlr%e% Jg? %g d%o\glwn |snkmcuo)l|(1%rl sﬁ;%%lcgéi’dr%%%ga 6

the user APparatusdill rE3bardesofthe Uplifk toAttol Sijal; Fig.12 is a
diagram showing a sitéiation’ins Wiich Spé&cific Fesburces:arecreservasfor a

user 25 pertarming persistentischeduling i kig. 13 shows ashloekdiatfrarnaf of
the user apparatusacecording 1@ asecond embodiment of the present
invegtion; Fig.14 showsa block diagram, of the hase, 30.sigtion apparatys . ,
accordln% to thelge%ogmd %rgbodlment of the present invention; and Fig.15 is

. xamp L L regent invention; . .
a diagram sého%vmg an examﬁie 0 corresponlaence telationship between

resource blocks addréssédtolthe usér apparatiis ARd rés6urees bf thesode

information from broadcast information and assigned
number;

15 Fig.1l0 is a diagram showing setting
examples of CAZAC codes, cyclic shift amounts and
bands realized by executing the flow shown in Fig.9;

Fig.1ll is a diagram showing an example of
correspondence relationship between resources of

20 downlink control signal addressed to the user
apparatus and resources of the uplink control
signal;

Fig.1l2 is a diagram showing a situation in
which specific resources are reserved for a user

25 performing persistent scheduling;

Fig.13 shows a block diagram of the user
apparatus according to a second embodiment of the
present invention;

Fig.1l4 shows a block diagram of the base

30 station apparatus according to the second embodiment
of the present invention; and

Fig.1l5 is a diagram showing an example of
correspondence relationship between resource blocks
addressed to the user apparatus and resources of the

35 uplink control signal.

Description of reference signs




35 uplink control signal. Description of reference signs 304 ACK/NACK
determination unit 306 block-by-block modulation pattern generation 308
block-by-block modulation unit 310 discrete Fourier transform unit. (DFT) 5
312 subcarrier mapping 314 inverse fast Fourier transform unit 316 cyclic
prefix (cp) adding unit 318 multiplexing unit 320 RF transmission circuit 10
322 power amplifier 324 dnplexer 331. CAZAC sequence number sett.:-ng
unit 332 CAZAE O Ferrerafioh tnit 333 cyelié Shift number setting unit 15
334 cyclie Ghifb tinit B35 btvclospread Gotetsetting anit <336 block spreading
unit 337 frequency-setting mni338wederence signal generation unit 20 340,

340" determinafiarunit 342,342 cpde information. and.respyree information

unit 702 lf@lex%zgﬁ ]Ir?iFerecrg tion circuit 2.5 706 reception timing estimation
unit 708 tast Ifourler];[rans]form Eﬁff?lgFT) 710 channel estimation unit 712
suhcarriet demapi5i“n§ uhit 7145 redudicy domainequafizing unit 30 716
inverse didcretevFourfertraistern amit (DR 18demodulation unit 722
schedules 78 2n42"igodexinfgrmaition and resource information unit

320 RF transmission circuit
10 322 power amplifier
324 duplexer
331 CAZAC sequence number setting unit
332 CAZAC code generation unit
333 cyclic shift number setting unit
15 334 cyclic shift unit
335 block spread code setting unit
336 block spreading unit
337 frequency setting unit
338 reference signal generation unit
20 340, 340’ determination unit
342, 342’ code information and resource information
unit
702 duplexer
704 RF reception circuit
25 706 reception timing estimation unit
708 fast Fourier transform unit (FFT)
710 channel estimation unit
712 subcarrier demapping unit
714 frequency domain equalizing unit
30 716 inverse discrete Fourier transform unit (IDFT)
718 demodulation unit
722 scheduler
742, 742’ code information and resource information
unit
35
PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION
For the sake of convenience of explanation,




35 PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION
For the sake of convenience of explanation, -8- although the present

invention is described by being classified into some embodiments,
classification into each embodiment is nolg_ssential in the present invention,
and equal to or more than two embodiments 5 may be used as necessary.
Although specific numerical values are in explanation, such numerical

values arelmerely exahfles Sothat aRy appricptiaté vehge rd e gegeing
unless specified othedwiset {Embodineentcl] IteRigs2 shdws aiblock diagram
of a useri apparatus,acetrdingtoran embesimentsefthe present: inveptieRent
Fig.2 shows, an ACK/NAGK determination ,unit,304,.a,block:hy-hggk 45 et 5
modglatltr)ngrga}tjternuSgeegeg%tlone%nlt 306, a bl%clk-%glqgksm%%%lgtllgn 15 unit
309, a discrete Eourler transférme(f)la—ﬁ’s%hit 6 as carrier mapping unit
312, an iRV&SE a8t FOUMBF fransform UMt @ERYY 814 a cyeiic prefik S (Csy
adding urit B1¢a maktiplexiglunie 329ra HF trafsiissior eiyciiP820x 1ate
power amplifiex 322y a0 duplexes B24 sa GALAC iseguente nuirdzer setting
»n.t 331, a GAZAG:cadergeneration unit 332, a cyclic shift number setting

unit 333, a cyclic shift ygi& 334,,a.block sgﬁ%acq(c%eda%giﬂg Unit 335, a block
spreading unit 336, a fre%tjen&y setting unit 337, %25 reference signal
e

generatiqr?ﬁﬁi%%é%,saa& ?e]rfmin%?ioﬁounalt%fdn%? Jﬁff%or?t?oﬁkﬁﬁc)rﬁﬁl%ﬁnt
number anty e Admber 6f imes Ot téfaridmission 2atd 4¢baemifor fhaton
and resourcetn'Yirhatiaoh Linitk 342 -30 The ACKINACKdeteatiihation unit
304 deteysiines whetheritheresisan erron ineadhyehb packetsdhatiformdhe

received downlink glata signal, -and outputs &deterninalion resultas uni «
310, a subcarrier mapping unit 312, an inverse fast
Fourier transform unit (IFFT) 314, a cyclic prefix
(CP) adding unit 31, a multiplexing unit 318, a RF
transmission circuit 320, a power amplifier 322, a

20 duplexer 324, a CAZAC sequence number setting unit
331, a CAZAC code generation unit 332, a cyclic
shift number setting unit 333, a cyclic shift unit
334, a block spread code setting unit 335, a block
spreading unit 336, a frequency setting unit 337, a

25 reference signal generation unit 338, a
determination unit 340 for L1/L2 control information
number and the number of times of retransmission,
and a code information and resource information unit
342.

30 The ACK/NACK determination unit 304
determines whether there is an error in each of
packets that form the received downlink data signal,
and outputs a determination result as
acknowledgement information. The acknowledgement

35 information may be represented as positive
acknowledgement (ACK) indicating there is no error
or negative acknowledgement (NACK) indicating there



acknowledgement information. The acknowledgement 35 information may be
represented as positive acknowledgement (ACK) indicating there is no error
or negative acknowledgement (NACK) indicating there -a- is an error. Since it
is only necessary that the acknowledgemegt information can represent-
presence or absence of an error in the received packet, the
acknowledgement information can be represented 5 essentially by one bit.
But, the ackrivwlédgéient fifofrfafion Ataybe Yepresentedy &targer e
number efc bits.wlkel block:hy-block medulatiortpatterspe geperationnait306:
shapes each0f ehapaebstate, 10-informationHEQl} and-acknpwledgmente
information (AGK/NAGK)INto a blacksby-blockmnodylatipn pattern. &

predetermined number of blocks are [ncluded in a .subframe, and the
ubfiame T & Bondmishion B et (1T il & 2 aSegeeh

unit of 15 FeSotfcEs: Fig B%hos exdmpias ot the Stibffame @i the 7 7¢n°*

the exanipléss shown in the figure, T' -'IT of 1.0 ms includes two subframes
each being 0.5 ms, arntheath subframednclutes stulbagblecksat8) and 20

two shorybleeks (3B}, Theilong diocknisibs7g serfobexamplend heshort
blogk is 33,39 5, [qr; gxampler )T h§n®@%ﬂ%%wﬂ%§%%ﬁ?tm%eﬂx gxamples,

and can ie chzﬁ es as necessary, Generally, #he on iglock is used for
ta

transmitti %c ggﬁtrél%si%naﬁ%% a gﬁjﬁ% 8¢ th8 |ue])av5ﬁi8 jgattern.

unknown” frtRETEEENNSde "arE thePshdtt BIOER i$ ised fot HaRsmitling
data (pilotchanaskand:tie like) whichristkhodmrtoshe receivingiside.dn theme
example showivia the figoye,wanechT hinckides 21 30rleng blocks (b1 --
LB12) and.4 shertblocks (SB1 - SB4). The block-by-block modulation pattern

Fig.3 shows examples of the subframe and
the TTI. In the examples shown in the figure, TTI
of 1.0 ms includes two subframes each being 0.5 ms,
and each subframe includes six long blocks (LB) and

20 two short blocks (SB). The long block is 66.7us,
for example. The short block is 33.3us, for
example. The numerical values are merely examples,
and can be changes as necessary. Generally, the
long block is used for transmitting data (control

25 signal, data signal and the like) which is unknown
for the receiving side, and the short block is used
for transmitting data (pilot channel and the like)
which is known to the receiving side. 1In the
example shown in the figure, one TTI includes 12

30 long blocks (LB1 - LB12) and 4 short blocks (SB1 -
SB4) .

The block-by-block modulation pattern
generation unit 306 shown in Fig.2 determines
correspondence relationship between one or more of

35 the 12 blocks (LBl - LB12) and bits representing
channel state information (CQI), and determines

correspondence relationship between one or more of



generation unit 306 shown in Fig.2 determines correspondence relationship
between one or more of 35 the 12 blocks (LB1 - 1,1312) and bits
representing channel state information (CQI), and determines
correspondence relationship between one gpmore of -10- the 12 blocks (LB1
- LBI2) and bits representing acknowledgement information (ACK/NACK).
The user apparatus transmits only channel state information, transmits only
acknowlédiemeéntinfotmatidhBor 5 trahsmitsBsth ot tirerh By BSMGai aplink
control sigrialoTheréferes (A) alhobtheal2 blocks traybE Kassocidted wthr
channel state irdermation: (Bhall -ofdhe 1 2dplecks maydee-assaciatedwithon ,
acknowledgement.infoymation @t (Gha pau.ef 12 10-hlogks.may be, .
assqglateadr\évng I&h% chggg(gl sét te kg\écr)nrm ti ounsalnd thae remaining p%rrt1 may,
be assoua_tea with the acknow e&gemén ihformation: in an way, based on
the correSp8hdence relatisnishis: 'onéAfhc?o]rlisoﬁeBQ?edlf%réﬁﬁﬁ%ﬁf tHe 120e
blocks, setfariz2 18dactors (firsefactor -welfth factory aret prepared inaotal
per one BEl. The blacksbydreckmnpdutkationdmiti30& forms & first long block
by multiplying.day: they first factor, lkehips ofa CAZAEC)cadesequenee 20

(the jengfh gt-the seauence can he associatedwith, ong long block) assigned
to the user apparatus, and forms a second longg block b mul%glymsgsall chips

of the sarlnr_le CAZAT &6dé %gqﬁélr?cerﬁi/n ?hlerl%él ord’ fé%:tor?yan aftér that, ed
similarly,'thé bIdckeb - bioek 25 Aiitifation iHie 308 forfis a twalfthdng Block
by multiplymecalbehips of thesame@AZACcodel sbguente by the twélfthtor
factor, sa thap the bloek- by-bleckemodglatina unit 308 dervessan tnfafmation

sequence 10 pg.transmitted i ope J.T1-The CAZAC 30 code sequence ysed
commonljynfo](_glclgiocks is an o&tlﬁgonal code sequence assigned in the

- PEr~ one
residing . .

The block-by-block modulation unit 308
forms a first long block by multiplying, by the
first factor, all chips of a CAZAC code sequence

20 (the length of the sequence can be associated with

one long block) assigned to the user apparatus, and
forms a second long block by multiplying all chips
of the same CAZAC code sequence by the second factor,
and after that, similarly, the block-by-block

25 modulation unit 308 forms a twelfth long block by
multiplying all chips of the same CAZAC code
sequence by the twelfth factor, so that the block-
by-block modulation unit 308 derives an information
sequence to be transmitted in one TTI. The CAZAC

30 code sequence used commonly for all blocks is an
orthogonal code sequence assigned in the residing
cell for identifying the user apparatus. Properties
of the CAZAC code sequence are described later.

The discrete Fourier transform unit (DFT)

35 310 performs discrete Fourier transform to transfer

time series information into information of the

frequency domain.



cell for identifying the user apparatus. Properties of the CAZAC code
sequence are described later. The discrete Fourier transform unit (DFT) 35
310 performs discrete Fourier transform to transfer time series information
into information of the frequency domain._11 The subcarrier mapping unit
312 performs mapping in the frequency domain. Especially when the
frequency division multiple access (FDM) scheme is used for multiplexing a
plurality of user 5 appdrafusesP e sulscarfiePrappingfaiit 312 perfdraigns
mappingrof signads based enbangssset in dthedreguenty settinglunit 336:n
There are two types: ©f HPM schemes which ase @ lecalized RBMschamemne
and a d'§t£'bH£%ChFPM591*&%%%@%8@'289@2%@S%QemSe'i‘

contjnuous band is aSS|gn%9I1 for e%ch |nd|V|duaI user on the equency axis.

In the diStribu fecﬂffﬁﬂs écheme a downlink si eﬁ%s enérate such that
the signat fichadés’ disEoRtiRBods fregBency %Fhﬁ%ﬂeﬁf“s KBt Bwitietband
15 (over thewhofofthespeeificiiiahdFPB 236 uplintk €ontrek sighal). Thees
inverse fast Fowier dranstarnvunit h(IBEE) 314 cestoresdiesighal af¢he and

frequency damain inta asignai of the time damainky 20 performimngrinverse

Foyrier transiorm. The gydlie prafix (¢F),adding unit;316, adds a eyclic prefix
to mformatlon tog ansmitted. The 18Y I|c %rgeflx C functlons as a guard

interval foF ABSorbiF Ing muﬁﬁfatﬁ’ﬁrot agation 25 delay and for al%sor%mg

dlﬁerencéé%FFé&b%%ﬁ ﬁﬂ?ﬁhggéﬁﬁﬁ%'a 5Iu‘?§l‘if9jo%ﬁ§er%llﬁfiﬁé baSe station.
The multiptexing uait 318-inultiptexeshthe sreferehcersigmaldmto information to
be transmitteso 30isouas: t0 genrerate afransntission sympetThe wide band

15 (over the whole of the specific band Fgrpy for uplink
control signal).

The inverse fast Fourier transform unit
(IFFT) 314 restores the signal of the frequency
domain into a signal of the time domain by

20 performing inverse Fourier transform.

The cyclic prefix (CP) adding unit 316
adds a cyclic prefix to information to be
transmitted. The cyclic prefix (CP) functions as a
guard interval for absorbing multipath propagation

25 delay and for absorbing differences of reception
timing among a plurality of users in the base
station.

The multiplexing unit 318 multiplexes the
reference signal into information to be transmitted

30 SO as to generate a transmission symbol. The
reference signal is transmitted by the short block
(SB1, SB2) shown in the frame configuration of Fig.3.
The reference signal is a signal that includes a
pattern which is known to the transmission side and

35 the reception side, and can be also referred to as a
pilot signal, a pilot channel, a training signal,
and the like.



reference signal is transmitted by the short block (SB1, SB2) shown in the
frame configuration of Fig.3. The reference signal is a signal that includes a
pattern which is known to the transmission side and 35 the reception side,
and can be also referred to as a pilot signal,a pilot channel, a training signal,
and the like. -12- The RF transmission circuit 320 performs processing such
as digital-analog conversion, ;frequency conversion, band limitation and the
like for transmitting thétfarfSmission By aitol B eCraior 5-fréqlemGE Trems
power amplifier 33Pradjustshtransmiissiore pewen Idte duplexers324:properly
separates 2 dransmjssion signal ang asreceivedsignal issichdhat e 11ike

simultangeys commMUnIcation s ealized. 1N CALAC SERNESMDe, ;i o
setting u %’,3111 %ects a sequence number of CAZAC code sequence used by
the user appgra?us.yrhe CAZAC code will be described later with reference
to Fig.4. 15 The CAZAC Eodé Yehefdtidoh unit332 Hertdies the CAZAC
code sequenteracediding B R set sequence number. The cyclic shift
number setting unit 33Bhsetsua tyclicrshift anountof the EAZAGC cede 20
sequence t@ henisedibyntheiuserappasatys aceerding toicodelinformationa

The eyclic shift poit 334 derives, another. gade by cychcally yearranging the
CAZAC code sequenceéllaccordlné; to the set cyclic %hlft amount. 25 In the
t

following, an outline of the CAZAC 2608 7' Gesdhbed As“Shown Ililir(j.l i i%l

assumedthaf a? coGE kYT of AAZACTCIdE?ATs EORBr fHedsse6f used
convenidnee Gf explaatienpaltidugh. it isTassume&d C code will be

described later with reference to Fig.4.

15 The CAZAC code generation unit 332
generates the CAZAC code sequence according to the
set sequence number.

The cyclic shift number setting unit 333
sets a cyclic shift amount of the CAZAC code

20 sequence to be used by the user apparatus according
to code information.

The cyclic shift unit 334 derives another
code by cyclically rearranging the CAZAC code
sequence according to the set cyclic shift amount.

25 In the following, an outline of the CAZAC
code is described.

As shown in Fig.4, it is assumed that a
code length of a CAZAC code A is L. For the sake of
convenience of explanation, although it is assumed

30 that the code length corresponds to a time duration
of L samples or L chips, such assumption is not
essential for the present invention. Another code B
is generated by moving a series of A samples (shaded
area in the figure) including the last sample (L-th

35 sample) of the CAZAC code A to the top of the CAZAC
code A as shown in the lower side of Fig.4. 1In this
case, the CAZAC codes A and B are orthogonal to each



30 that the code length corresponds to a time duration of L samples or 'B
chips, such assumption is not essential for the present invention. Another
code B is generated by moving a series of A samples (shaded area in the
figure) including the last sample (L-th 35 sample) of the CAZAC code A to the
top of the CAZAC code A as shown in the lower side of Fig.4. In this case,
the CAZAC codes A and B are orthogonal to each -13- other with respect to

A =0 - (letherhatis,fa IGARACTcOde i8 orthdgondltold eodé obtained by
cyclicallystifting the <€ AZAC codeg T herefore, avhernd@nelseguende lof a
CAZAC codel ofdthecpderengtivly is-b prepared, Lcodes whiehrarere, when

orthogongl,to each.other can be prepared heoretically, A CAZAC code Ajis;
not qrthogonal to another CAZAC god C that canrpl%t anolbt%med bé/ other

. epar es W C are ort 0,.each
cyclicall srhlﬁ)lnﬁ é Afﬁf& code A. However, a cross-correlation value
between tHE CAZAE WPESHe AU 4 Fridbin tode Witk i n6CE TAZAE
code is rentarkablyagreater tihan arcross-tofréfationdaiise betweénthanot
CAZAC todeA andrithe CAZACCadeaCl Thug,i CAZAC codecCzapreferabite A .
also fromsthe-viewpoint or seducing crossreerrelation, @mwm&i@terta{@n@m&c
ampynt) begween npn-orthogonal codes. In fhe present smbodiment, eagh .
user apparatus uses CAZAC code selected from among & group Oorf]

CAZAC codesHsving Such %ﬁ)epaetrﬁé:s ng ¢odé scerqouse%f:% group derived %?/lue

cyclically>sHiftinga 20 €AZXE cotlef 9n the present effbotimentiantong IFRus
codes thakareCortirofona tee eadle ottereL A Hl<codesonbtatimed by eyclicatly o £
shifting arkasic GAZAC codecby As=nxt Acareactually used-as refeeence

signals by, mobile stations(=0p 1 - ok 1AM b0 is,aB 25 amount

determined based on a rgnlJClﬂ%ath Iperts)gzralgat(ie(gn Od(ﬂa eartnouggclg d%réqfthis

way, orthogonal relationship can be maintained in uprﬁnk control signals

transmitt@8 9o intividi&r user dpparatggs setected from among a

group of CAZAC codes having such properties (a code
sequence group derived by cyclically shifting a

20 CAZAC code). 1In the present embodiment, among L
codes that are orthogonal to each other, L/L, codes
obtained by cyclically shifting a basic CAZAC code
by A=nxL, are actually used as reference signals by
mobile stations (n=0,1,..., (L-1)/L,). L, is an

25 amount determined based on a multipath propagation
delay amount. In doing this way, orthogonal
relationship can be maintained in uplink control
signals transmitted from individual user apparatuses
under a multipath propagation environment. Details

30 of the CAZAC code are described in D.C.Chu,
“Polyphase codes with good periodic correlation
properties”, IEEE Trans.Inform.Theory, vol.IT-18,
pp.531-532, July 1972; 3GPP,R1-050822, Texas
Instruments, “On allocation of uplink sub-channels

35 in EUTRA SC-FDMA”, for example.

The block spreading unit 336 shown in

Fig.2 prepares a set of predetermined number of



under a multipath propagation environment. Details 30 of the CAZAC code
are described in D.C.Chu, "Polyphase codes with good periodic correlation
properties”, IEEE Trans. Inform. Theory, vol.IT-18, pp.531-532, July 1972;
3GPP,R1-0.50822, Texas Instruments, "Q5]4a_llocation of uplink sub-channels
35 in EUTRA SC-EDMA", for example. The block spreading unit 336 shown
in Eig.2 prepares a set of predetermned number of -14- factors (block spread
codes) and #aitiplieeactof 161R7BloeRS ¢EB) By:eath factdr- The Klaek ©of
spread Codedisiarcortizogdrial code sequenee,tand. whithe orthogénalcoeed
sequence ésiysed issspecified By banformation depn accodesinformation
specifying unit, 330, rig-s shows sybframes.of & first user apparatus Y1

and secor}%gser apparatus UE2 in whichfmgltigjcication y the block

spread code fs Iﬁlgtt 10 r5er ormed. §8t%eof]tﬂe?lrs and the” eec%hgyuls% unit
apparatu§é§ use a CAZAC code sequence (CAZACI). But, the second user
apparatus uses a cyclicishifp aforint & whichrissdiffedent frohy #atwsed by
the first user apparatusETherefore, twe subframes lbotransmittedunLtheruser

apparatuses are ertheggnal- ta each pthernMed gt indicates datate: is not
mogylate,a first long blogk foy the firstuser apparatys URL Sthat s, "Mod,a”

indicates a factor used for multiplication. "Mod.a" - "Mod.f" c?rresgon to 20
first factor'ts %ﬁ(?ﬁlflasc?(%rsu(so? SBVENtH't6 e(fgqn(gﬁ f%%?ol%g)nﬁ)er the first user  °Ut
apparatushEE e Mod u? Mo PPEdiféspondtoTirst fakfort6 sixth factore(or
seventh tb eightkhfactors)i fof ¢he rsecondnusern apparatds WJE I.Heachifastor
(modulating= 25sgata) maydnclude anydptosmation. Eiged shews a situation in
Wh@ |0Q§kabfll%%l<§&f&§loby0ftth% fil'i%t@rnda&k‘@as_ae&g@géése(ﬁre orthogonal
to each other. ™“™Mod.a” indicates data to modulate a
first long block for the first user apparatus UEL,
that is, “Mod.a” indicates a factor used for
multiplication. “Mod.a” - “Mod.f” correspond to
20 first factor to sixth factors (or seventh to eighth
factors) for the first user apparatus UEl. “Mod.u”
- “Mod.z” correspond to first factor to sixth
factors (or seventh to eighth factors) for the
second user apparatus UEl. Each factor (modulating
25 data) may include any information.

Fig.6 shows a situation in which long
blocks of each of the first and the second user
apparatuses UEl and UE2 are multiplied by block
spread codes. In the example shown in the figure, a

30 factor (separately from modulating data) is prepared
every two long blocks. This factor forms a block
spread code (BLSC). As shown in the broken line
frame, an orthogonal code (1,1) is prepared for the
first user apparatus UEl, and an orthogonal code

35 (1,-1) is prepared for the second user apparatus UE2.
As described in the first embodiment, as long as one
or more resource blocks are multiplied by a same



apparatuses UE1 and UE2 are multiplied by block spread codes. In the
example shown in the figure, a 30 factor (separately from modulating data) is
prepared every two long blocks. This factor forms a block spread code
(BLSC). As shown in the broken line frame,an orthogonal code (1,1) is
prepared for the first user apparatus UE1, and an orthogonal code 35 (1,-1) is
prepared for the second user apparatus UE2. As described in the first

embodinfetit tas lohgPds 6ne  GrihBRY FSsdLiEde bIdEKS afe Rititipliceirathat
same -15 dacter (vedueé), osthogonality of tlee CAZAC code that forms the
long block is not lost. Thereforeras shewsninthefigurewheqarset @hen a

factors by which the blogks is mulfiplied is 15 codes.that ate grthogonal.q 1
amopg Usets, Usefs.¢an, be made orihogonal {g each otfer using (e codes,
while maintaining ort ogonaﬁt of the AC co%le.. ﬁowéver, e blocks
which ar@Matipiied By AR 20rthEg ittt ods EhbultPhave tHE s&mE Tonteénts
In 10 the"exantgle showncinthe Jigure, for theffirsh asé UFL, @aéh of the first
factor anddhe seeond fiacton és MModial' ceachr of thelthird faetor anddhe

fourth fagtanis gMedib"-and each.of dhe fiffh facter and.thesixh fagtor isrn
"Mod.c". Similarly.,for the.38 second pser YE2, each of the first factar.and the
second f%%t ris "M?fd.x'% ?%ih 0 ,thetthlrd fatc or an tgg fourth fac OI’fIS .
"Mod.y", and’eaec%co thé fifthY factdrand f?hce. SixthfaCtor 1§ "Mod 2 ~This, °*
contents b infdffation cafied By the firstto- 26 télfthFactersiafe imited ¥6-
some extent.tBut, ithe lMvitatiofi is aotichtical sincetthe nuniyér ofabitor and
necessanyHfer rapresenmting ACKINAGKo etc: 1s. relatively=small. Sinee thexfirst

and the secopdises 25 apparatuses UL and UE2 gan beddgntifiediby the
block spread co&ie; a(%tlg and the%é;@(: code

secon r Is each of the third factor
and the fourth factor is “Mod.y”, and each of the
fifth factor and the sixth factor is “Mod.z”. Thus,
contents of information carried by the first to

20 twelfth factors are limited to some extent. But,
the limitation is not critical since the number of
bits necessary for representing ACK/NACK etc. is
relatively small.

Since the first and the second user

25 apparatuses UEl and UE2 can be identified by the
block spread codes (1,1) and (1,-1), the CAZAC code
shift amount used for the first and the second user
apparatuses may be the same (it is not essential to
use different cyclic shift amounts A). For the sake

30 of convenience of explanation, although factors by
which long blocks are multiplied are described, the
short blocks SB may be multiplied by factors.

In the case when the frequency division

multiplexing (FDM) scheme is applied for an uplink

35 control signal from a plurality of user apparatuses,
the frequency setting unit 337 shown in Fig.2
specifies which frequency should be used by each



shift amount used for the first and the second user apparatuses may be the
same (it is not essential to use different cyclic shift amounts A) For the sake
30 of convenience of explanation, although factors by which long blocks are
multiplied are described, the short blocks SB may be multiplied by factors. In
the case when the frequency division multiplexing (FDM) scheme is applied
for an uplink 35 control signal from a plurality of user apparatuses, the
frequency SekirmPendit 337 $hown in Fig.2 specifies which frequency should
be used by each -16 U%er appgeatescEhe referénceesignaltgenmeration uhit8
338 prepares arkefergnee signal te beinpeluded in the uplink gentrelsignal.
AS me“t'f}f@qx@?%‘én@?& reference signal is frapspiited ugingthe short

bIocg (SBr B2 rilré thesgrame ccznfigy£atrllosnngik%ocvggiirlll SFii 3. g’hg rsefjeor%@ce
signal is also formed by a G ZA& code assigned to eaclr user apparatus.
The CAZAETodeTor threferehck sigrid Hiay baaisd 16 Specifiedtya 10
sequencé Mumber aifta egélicrshiftcamotng Gerferally, ahé darmg Bldek (BEB)
and the shart ®lacki(SB)sare giferent inslength; dre timepdarations or imhe

number efzchips, &EAZAC- cede Cleta includedsinghg long black (LBjand a
CALAC code &5, ingluded n the shrt block (SR) may be prepated oy ; e

separatelg. Hovxéever, since both of them are used for a same user
apparatusr,nﬁfle?e may be a relationship between the CAZAC codes CL and

Cs (for 20 example, aYatESEEL may Férm- €35 THeGkit 348 fordéteFiifing
the 1:1/L2 rcontrob infermatioh namber ahd eleterminingla namiber iof times of
retransmissicit dempdulates andtlesodes theidownlinkdz27Zk2 centiel signal

to specify where 23 control infarmation addressed tq the usernapparatise c,
included in the short block (SB) may be prepared
separately. However, since both of them are used
for a same user apparatus, there may be a
relationship between the CAZAC codes Cp and Cs (for

20 example, a part of Cp may form Cg).

The unit 340 for determining the L1/L2
control information number and determining a number
of times of retransmission demodulates and decodes
the downlink L1/L2 control signal to specify where

25 control information addressed to the user apparatus
is mapped. In other words, the determination unit
340 specifies a position number to which the control
information addressed to the user apparatus 1is
mapped from among multiple pieces of control

30 information of one or more users multiplexed in the
downlink L1/L2 control information. For the sale of
convenience of explanation, it is assumed that
control information of N users are multiplexed into
the downlink L1/L2 control signal, and that control

35 information to the particular user apparatus is
mapped to a X-th position. The determination unit
340 specifies information indicating “X”. 1In



iIs mapped. In other words, the determination unit 340 specifies a position
number to which the control information addressed to the user apparatus is
mapped from among multiple pieces of control 30 information of one or more
users multiplexed in the downlink L1/L2 c_qgr_ol information. For the sale of
convenience of explanation, it is assumed that control information of N users
are multiplexed into the downlink L1/L2 control signal, and that control 35
informatieA Y6 tHe partichfdt Use? apparatts & RapiFetl fova Xoth positon. The
determination uaitud40 specifies information mdicatinge'X;'. Inh-d7- addition,
when thessigaatreseivedbyuthetuser pappayatuspis & reteansnissian Packetie s

the determination Unit:340,also specifies o many fimes  retransmission

has peen performed. ST}I;Qegg e |r£fo%rg§tlgn la(gqu rgrslguré:eesingg:rmation unit
342 specifies code information which mcrinudtes information ot a CAZAC code

sequence "(seglidhde hulibeh), Ay chieShiff amdun GFCAZAC oge°™
sequence&ha fransmissiols band amarthe like, 20 used by the ULeE apparius.e
The code kéommeation maybe derived pased ombroadeastinformation fthe

broadcast chanpel; ©& may, be reparted:fromithe hases stationdndividually.

The ndividya| reporting may rb%#]%g?@@%% using signaling of the uppey layer
such 15 as agé cgntrol sgngl. code |nforg1at|on fugrf]er specifies a

orthogonal ¢ode sequence reﬁrsees(gngera V 8ase?%?Facjtorso(ﬁﬁ[b%%lsopr%eg the

code sefEEREE)BY whith Exth set of Bplurdlity Bloeks 7 mdlfiplied: 20°Tke

code inforfrationrandiesourbes inffgrmafidre unit 342 refers toeptisttindicating

correspondepee relatienship betwveary & whigchds the davulink L2 €ontroh

infargatign number{pumber of stimmes of refransmigsion,as pegessary) and

resow@e%urther specifies an orthogonal code sequence
represented by a set of factors (block spread code
sequence) by which each set of a plurality blocks is
multiplied.

20 The code information and resource
information unit 342 refers to a list indicating
correspondence relationship between “X” which is the
downlink L1/L2 control information number (number of
times of retransmission, as necessary) and resources

25 of the uplink control signal in order to specify
resources by which the uplink control signal
including acknowledgement information should be
transmitted.

Fig.7 shows a base station apparatus

30 according to an embodiment of the present invention.
Fig.7 shows a duplexer 702, an RF reception circuit
704, a reception timing estimation unit 706, a fast
Fourier transform unit (FFT) 708, a channel
estimation unit 710, a subcarrier demapping unit 712,

35 a frequency domain equalizing unit 714, an inverse
discrete Fourier transform unit (IDFT) 716, a
demodulation unit 718, a scheduler 722, and a code



25 of the uplink control signal in order to specify resources by which the
uplink control signal including acknowledgement information should be
transmitted. Fig.7 shows a base station apparatus 30 according to an
embodiment- of the present invention. Fig.7;shows a duplexer 702, an RF
reception circuit 704, a reception timing estimation unit 706, a fast Fourier
transform unit (FFT) 708, a channel estimation unit 710, a subcarrier
demappih§ tPRTERE O35 affediriey detain eetmfizing unitTA14, afrinverse
discrete Fourier transfdim utitfIRKE)716,2a merpedulaticreopit 748sa
schedules 422« and a coden<l8: irfornationy and reseurge dafosmatian sinifnal
742. Thedzarplexer 702 properly. seRarates, hefween airansmission signal

and a received signal lﬁ{ll,l%:h Igat smultgri\gous communication is rgglized. 5
it 70

. . rece n clLrcul . is rms
The RF reception circu performg processing such as dlgﬁal anar?og

conversiéii,Cfiggiendy comerdion band fimitition ShdheikesStd ™
processifg #e! feteivetPsymbcliabasebadd [ THe Fédeptionaimingestimation
unit 706 flfrspecifiessreceptioh siming based onyanksyhchronizatiamechiannel
or a reference signal i g receivgd signalk Thefgast Fourier transformdunity ¢
(FR) 708 perferms Fourier rangform to conyert time, geries 15 information

to information in the,fre(%uency omain, The channg estimation unit 710
estimate$ YA cRafhel &tateh the %%ﬁr?k based oﬁerece:érﬁt?ocne tatd bt the ™ @
uplink refe?&fde’ signal @éoutputs information for performing channel
compensation. 20 Thelduyhcaars.er lemapp hqunitZloperforms demapping 8
in the freguereytlemadru Tihis pracassingris perfermmed inrespaasedaies
mapping jn the frequency domaip performed:in the individyaluser domain.
apparatuses. The channel estimation unit 710 estimates
a channel state in the uplink based on reception
state of the uplink reference signal, and outputs
information for performing channel compensation.

20 The subcarrier demapping unit 712 performs
demapping in the frequency domain. This processing
is performed in response to mapping in the frequency
domain performed in the individual user apparatuses.

The frequency domain equalizing unit 714

25 performs equalization of the received signal based
on the channel estimation wvalue.

The inverse discrete Fourier transform
unit (IDFT) 716 restores a frequency domain signal
into a time domain signal by performing inverse

30 discrete Fourier transform.

The demodulation unit 718 demodulates the
received signal. As to the present invention, an
uplink control signal is demodulated, so that the
demodulation unit 718 outputs channel state

35 information (CQI) of downlink channel and/or
acknowledgement information (ACK/NACK) for downlink
data signal.



The frequency domain equalizing unit 714 25 performs equalization of the
received signal based on the channel estimation value. The inverse discrete
Fourier transform unit ( DFT) 716 restores a frequency domain signal into a
time domain signal by performing inverse 30 discrete Fourier transform. The
demodulation unit 718 demodulates the received signal. As to the present
invention, an uplink control signal is demodulated, so that the demodulation
unit 718 outputs chanrelstae 38 intcration (EQH bF doRMliAR eharfent in
and/or ackrowledgémentlirferration (ACKINACK]) fahdownlimk: elatss sighal.
-19- The seheduler 722 determings assignment in the dawnlink based eBher

qumﬂycﬁép§éé¥{@?'S%%GABEHQWGHD(@%%)QE%EU%%%Qmﬂ@%hQﬂg@éﬁﬂqnes

otheg criteri L In aglgistigntghe %cshsefiul%r 722 etermnes 5rlé@ier1ktr§ggur]§:esu 1t
assignmélﬁt ased on rélcep%on resgl{1 of the r(§fserence signal transmitted

from eachiuser Capparafis aitd Sthér etiteriet THE ddtefmihed irftamatioitis
output asselrediiting infofmatibr. Tive sEkedding ikfornmdtion gpetifies
frequencyptimen i) tsansmissioncformat (data exeduilation scheme anoh .
channel goding sate) and.the like used far, frapsmitting signals: 4n addifion: i me,
the,schedulep 722 tepqits. 40, fhe.code, information.and, resouee, information

unit 15 742, |nf05mg%()dr1|ndicatln%wher§ the control |nforenglat1|_con for each

user app%rftﬁg ¥s mapperdqn e dovimink L %:%ﬁtr%ﬁggnal(.D The

informati6f 2neitatés & positidhiimber to which control information of each
user is mapped from almorg20 multipletfieces bcontrol inNformator ofeneto
or more tserseaddiplexed-intbe dovwalink 442 eontroh signak dndhe unit

ab@%ﬁqne@ﬂgn%%gﬁ@%Qgﬁ&Qnggbicating where the control

information for each user apparatus is mapped in the
downlink L1/L2 control signal. The information
indicates a position number to which control
information of each user is mapped from among

20 multiple pieces of control information of one or
more users multiplexed in the downlink L1/L2 control
signal. In the above-mentioned example, control
information addressed to a user apparatus is mapped
to an X-th position, and information of “X” 1is

25 reported to the code information and resource
information unit 742 for the user apparatus.

Based on the assignment result by the
scheduler, the code information and resource
information unit 742 specifies code information

30 which includes a sequence number indicating a CAZAC
code used by a user apparatus in the uplink, cyclic
shift amount, usable frequency band, block spread
code and the like. The code information may be
commonly reported to each user using the broadcast

35 channel, or may be reported individually to
individual users. In the former case, it is

necessary that each user apparatus uniquely derives



information addressed to a user apparatus is mapped to an X-th position,
and information of "X" is 25 reported to the code information and resource
information unit 742 for the user apparatus. Based on the assignment result
by the scheduler, the code information angzrggource information unit 742
specifies code information 30 wwhich incluides a sequence number indicating
a CAZAC code used by a user apparatus in the uplink, cyclic shift amount,
usable frég@endytbard Bodk $preadt e6de and the fike SPhe eggeratus
informatiém emaye be acoramonly feporteditoreach user using the broadcast 35
channel, or may be repanted individually ton ndividualdisers.dn:tbe Jorraer

case, it is necessarythat,gach uger apparatus uniguely derives 205 spacific
codeslnformgtlon for the  user app ar%tus rom. l%ro&ggast- form%tlon Iﬂke Iﬁhe

Uunai
code mformatlon an resource nIPormatl on unit

fl

i_nf_ormalifr °5 Ahd FeSOUTrEs TAORNGHGH uhit 742 e ‘Féﬁ%ltB abl?sﬁ‘i’l‘?rﬁeaﬁﬁg
corresporiiénée ielaiorship betwedr XLwhichis e downlimk D/t 2osonttoibe ©
information winebero (numbersofdime cafretransmission as necessary)yandand

resources f the-uplink eontial signalnand 40 specifiesesoyrcesdo be used
for fransmitting the, uplipk coptrolsignaljncluding the, acknowledgement o

mformatlonJ[n the future. r% 8 ShOWS an 0 raélor:%)rocedure acccird to an

embodimént of cBrrle%]é% invertion. 13n1his Gheratior gxgr%% haral”

code infotmatibRiFersted {8 alf Bser dpparatuses are transmitted by the
broadcast channel (BCH) Eachhuser appasattisatiniquely dera@scode
informatian speeificdo the owrapparates froarthenkroadeastinformationion .
The 20 geperal PQd@;i@fP&méh anmay iaclude infor, mat,ea. indisating that
themaam%gf%%%écééxgﬁ l§g¥e§pparatuses are transmitted by
the broadcast channel (BCH). Each user apparatus
uniquely derives code information specific to the
own apparatus from the broadcast information. The
20 general code information may include information
indicating that there are N CAZAC code sequences
(C#1, C#2, ..., C#N) used in the cell, there are M
cyclic shift amounts (0, La, ..., (M-1)xL,) for each
sequence, and that frequency division multiplexing
25 (FDM) scheme is used and there are F available
bandwidths (Bwl, Bw2, ..., BwF), and the like. As
necessary, the code information may include
information on block spread code.
In step Bl, the base station apparatus
30 performs downlink scheduling, and the base station
apparatus sends a downlink control signal (L1/L2
control signal), a downlink data signal and a
reference signal to the user apparatus.
In step M1, the user apparatus specifies
35 information (code information for the user
apparatus) related to the code used for an uplink
control signal based on information included in the



(C#1, C#2, ..., C#N) used in the cell, there are M cyclic shift amounts (0, Lo,
..., (M-1)xLo) for each sequence, and that frequency division multiplexing 25
(EDM) scheme is used and there are r available bandwidths (Bwl, Bw2, ...,
Bwr), and the like. As necessary, the codejnformation may include
information on block spread code. In step Bl, the base station apparatus 30
performs downlink scheduling, and the base station apparatus sends a
downlink&ottrbl BignaPLaye2  Gorftfot Signal), a downlink data signal and a
reference signal to thefliser apparateisain stepidl] theodiser apparatustor
specifiess 85 infeymation {ecrde: informationdor thesusera apparatys)related tep
iﬂe Cofems.edl fopan tEt{P%“E a%él‘tg?é Sé% based on '”if&ljr'{?“% é'%ﬁ&%@l}?%‘at
e -21- down rol signal. Fig.9 sho e e of a method for
ey Sde TmATon (ool b uaneh i st o the ake o
si_mp!_i&: 7St i Sdsuméd tidt 5 EAZAC coltersetencds (GRS BH25 4
are prepared, dhrde eydie shiftamduftst{®? Lot 2RJ are prepaked HoréacH Bwl,
sequencepand that twosvailable baridsH(8wvd r Bw2)-areprepared. Iherefore,

2x3x2 = 12 yser apparatuses ¢an baddentifieds Thenumbers:are <10, merely
exarpples, and gther proner.nuUMpers Py P%a(ﬁ?%@r' N Si6R Sl the Ysel

apparatugsrggognlzes an assigned number ,...,12) of the user
apparatus specified in the downlink L1/L2 control 15 signal. In step S2, the
user apparatus determifies Wikethér the"&ssigitéd AGRMET pUis gréate? tHaits
or not. When thel detedminationresult is Ko (wheh=13£2 on3),uther
sequence pwiaieeris speeified asC#L, 2hthesshift amount is specified as1
(P-1)xLosagd the
In step S2, the user apparatus determines

whether the assigned number p is greater than 3 or

not. When the determination result is No (when p=1,

2 or 3), the sequence number is specified as C#1,

20 the shift amount is specified as (P-1)xL,, and the
band is specified as Bwl. When the assigned number
is greater than 3, the process flow goes to step S3.

In step S3, the user apparatus determines
whether the assigned number p is greater than 6 or

25 not. When the determination result is No (when p=4,
5 or 6), the sequence number is specified as C#1,
the shift amount is specified as (P-1)xL,, and the
band is specified as Bw2. When the assigned number
is greater than 6, the process flow goes to step S4.

30 In step S4, the user apparatus determines
whether the assigned number p is greater than 9 or
not. When the determination result is No (when p=7,
8 or 9), the sequence number is specified as C#2,
the shift amount is specified as (P-7)xL,, and the

35 Dband is specified as Bwl. When the assigned number
is greater than 9 (when p=10, 11 or 12), the
sequence number is specified as C#2, the shift



band is specified as Bwl. When the assigned number is greater than 3, the
process flow goes to step S3. In step S3, the user apparatus determines
whether the assigned number p is greater than 6 or 25 not. When the
determination result is No (when p=4, 5 or_§), the sequence number is
specified as C#1, the shift amount is specified as (P-1)xLo, and the band is
specified as Bw2. When the assigned number is greater than 6, the process
flow goesfysiep S4. 3P RTStepSSY, ARe (Bef apparatudHetérfines Whéther
the assigredaiumber p is greater than 9 or not. When the determination
result is No (when p=7718 0t 8),dhesequenee numher is specified as $#2,

the shift amount.is_speeified.as, (R-7)xL; and. the 35.hand é%sl%%}:'fé%@%tlng
Bwl Whe}rlu th§PSS|gnhd number_ is greater,| than 9 fg{when p— O 12)

the E’s)equence AUMber OVénsplemleed as C#2 ﬁﬁe shift -22- amoun isS pecffled
as (P-10jkE0" &ndtfie Bant is ]seﬁé%ﬁleldséél%v\f? 520 Shows &amples of
CAZAC codesi royetié shift(ambunscardbands fealized i éxetdiiing O3 the
flow showarire Figz§uAs showhiin she figare, tisers:angomultipfexecusing a
code division: smultiplexing{CDM) scheyne Using-a,CAZAG coderof a1sameime

sequence,first As,the number ol “Sﬁ{s 'HSE%?@F%H%%*S Akfter that,

code- multl]g)lexed usm%the same 10 C g ;quence in anothe{: and.
After thatc HDW er (SDI’FYI]nee in eac% avalﬁ%?e an eln oatﬁer WOI’aSO e
althoughV(‘?El‘?/Fandi P;W%%l pertrmad, EBN /- giverrprefétefice Githés
case when nruttiplexing rasers the hunther of awvichvissgreatertthah ke ng
number 15 et ysensdhat.ear be identifiedrbyi codge-divisian tnultiplexinghusing r
a GAZAG, eode é@gwﬂgec and using freguency division myytiplexing, apather

CAZAC code, sequence s prepared Achusers are 1uielexed bY.COM

frequency division multiplexing, another CAZAC code
sequence 1s prepared, and users are multiplexed by
CDM, and CDM and FDM.

20 Assuming that N CAZAC code sequences (C#1,
C#2, ..., C#N) are prepared, M cyclic shift amounts
(0,La, . -., (M-1)xL,) are prepared, frequency division

multiplexing scheme (FDM) is used, and that F
available bands (Bwl, Bw2, ..., BwF) are prepared,

25 the sequence number of CAZAC code 1is represented as
a value of (P/(MxF)) in which a fractional portion
is round up, a ((P-(n-1)x(MxF))/M)-th band is used,
and the cyclic shift amount is represented as (P-
((n=-1)x (MxF))-(f-1)xM = Pmod M) times L,.

30 In the example described with reference to
Figs.9 and 10, the user apparatus starts to use
another band Bw2 at the time when the assigned
number or the number of multiplexed users exceeds
three. However, even when the number of multiplexed

35 users is greater than 3 and equal to or less than 6,
it can be considered to use the same band Bwl, and
instead, use another CAZAC code sequence C#2. The



20 Assuming that N CAZAC code sequences (C#1, C#2, ..., C#N) are
prepared, M cyclic shift amounts (0,Lo,...,(M-1)xLo) are prepared, frequency
division multiplexing scheme (FDM) is used, and that F available bands

(Bwl, Bw2, ..., BwF) are prepared, 25 the sequence number of CAZAC code
is represented as a value of (P/(MxF)) in which a fractional portion is round
up, a ((P-(n-1)x(MxF))/M)-th band is used, and the cyclic shift amount is
representédt 4§ (PO AR ) HMXFIRE-ixV - PRsod M) tiiésPI30 ¥ tHeeRafiple
described Withrreferemce ¢b  Bigs .¢ anddl0, tke dser apparatusistantsttoaseby
another hand Bu21atithe tinye- when the assigaed aumbes o9& Hhe aumbes of # 1

multiplexed ysers exceeds, three. However, even.when the pumper of

multj Iexred 3a5tli§7erf IS %%alt?r than 3 and equal to or less than 6, it can be
con5|dere§]to use the same hand Bwl, and instead, use another CAZAC
code sequence C#2. The 32 CAZAE @eé#Lang caxrardioton of
orthogonaf & edct Dtheriangieh orercarmot bedefived flormmanblifer by
cyclicallyshiftinga Elowever the teasoratolusen E#k andbG#2 s thiat flhemation

cross-cogrelationvalyesisiF relatively smalls Asnentionedsabove; code to

infqrgnation of gach-user apparatus can.be specitied from the; broadgast
information gfd the affltgnment information p. The Spe, ified cod

information is pl)rcov? ad to TGS EAZAC §8guéhce nimber 1é}elﬁin%gluoncle%.?,l,

the cyclieRhfftAumber séfting difit 333, (the block™ Rprad-coda setting unit" 9
335, the fregtiercy’ settifg tbrit.:337card tive referentesigrial settinglunit 88
shown indrigvey sorthati varigussparameiersarecse!. 1 HastepeM2 inHg.Rst .
the,user apparatus defgrnipes piiesencerqrabsenceof anerrarior each s
packet Ofciltehteedr(I)nVXrrllliensk Cp')ai:[g‘sséglncael' |<:3(1):r ea asne]Pllgé of an error for each
packet of the downlink data signal. For example,
the error detection may be performed using the
cyclic redundancy check (CRC) method, or any other
20 proper error detection method known in this
technical field may be used. The user apparatus
determines positive acknowledgement ACK which
indicates there is no error (or within a permissible
range even if there is an error) or negative
25 acknowledgement NACK which indicates there is an
error, for each packet. The ACK and the NACK form
the acknowledgment information.
In step M3, the user apparatus measures
reception quality of the downlink reference signal,
30 and converts the measurement value to a numerical
value within a range to derive the channel state
information (CQI). For example, in the case when
the reception quality (SIR and the like) is
represented as 32 levels, the user apparatus
35 converts the measurement result to a numerical value
indicating what level the current reception quality
is, so that CQI that can be represented by 5 bits is



the error detection may be performed using the cyclic redundancy check
((LRC) method, or any other 20 proper error detection method '.known in this
technical. field may be used. The user apparatus determines positive
acknowledgement ACK which indicates thgrée_is no error (or within a
permissible range even if there is an error) or negative 25 acknowledgement
NACK which indicates there is an error, for each packet. The ACK and the
NACK foftar thecacknowledgment information. In step M3, the user apparatus
measures reception qualitysofrthé dowsdink referemncesighal, s3@andM2 and

convertsihe meassemenhyalueto ennwmnereal valuerwithinea ¢angeto- i on
derive thg ehappelstaie, informatian (CQRDr Far-example, ip the.case when
the receplion qualfy (51R gnd Ine ike) & tepresenied a5 52 levels the user
apparatusesﬂssconver S the'measuremen resu tto a numerical value
indicating What féVet t1fe- carrénttecBftior §liblity is, so that CQI that can be
represented by 5 bits isn24LderivEd. [ti8Tot essental dhattthe steps M2tanrd
M3 are performped ik this orderl Thegeierminatior rafthe mgknowledgenente
informatigh anddhe S measdkerent of the chanpelsiate-infermation may be

perfermeq at a0y proper ime, I, gtep M4, the userapparatus generates an

uplink control signal. for reporting, to the base. station, poth or one o Te _
acknowleldlge%:er?ttfé)%fo(r%%ﬁ%h (AQﬁ(fP\FA]CERfSre éeac Tanel stite ° Ok
informatiBi {EE1) AL REntiBAed AbBIE, tREDISERD2BIOER MddulatidiPwn in
pattern generatiorngniesiiowrire Fgp2 prepdres onecactorfforedehwofids2 so
blocks, senthat 12 fagtors (first(factar twelfthofactor) ase 1biprepared:fpr one
TTH Onegrdpgore.af the 12 factars rmaygepresent the acknqwledgement t o r
”ﬁo"nanggghPepresent the acknowledgement information, the
channel state information or other information. The
uplink control signal has a frame structure shown in
Figs.3 and 6.

20 For example, the first long block (LBl) is
generated by multiplying the whole CAZAC code
sequence (cyclically shifted) by the first factor.
The second long block (LB2) is generated by
multiplying the same CAZAC code sequence by the

25 second factor. After that, in the same way, a K-th
long block (LBK) is generated by multiplying the
same CAZAC code by the K-th factor. Accordingly, a
frame for the uplink control signal including 12
long blocks is generated. More properly, the frame

30 includes a reference signal formed by a CAZAC code.

The uplink control signal generated in
this way is transmitted from the user apparatus to
the base station using a dedicated band. The user
apparatus can uniquely determine which part in the

35 dedicated band is used based on resource information.
The resource information indicates predetermined

correspondence relationship between a mapping



channel state information or other -riformation. he uplink control signal has a
frame structure shown in Figs.3 and 6. 20 For example, the first long block
(LB1) is generated by multiplying the whole CAZAC code sequence
(cyclically shifted) by the first factor. The sggond long block (LB2)is
generated by multiplying the same CAZAC code sequence by the 25 second
factor. After that, in the same way, a K-th long block (LBK) is generated by
multiplyifp thet samel CAZAT e6de byttie KlithfacttNAEEdrdiiglhy o freifie
for_ the upHonk centrolfsighal includimg X2 déng blotksis: §enerated.sMore
properly,dpe drame 30uRcludes ageterence signal formeeiby-a LAZAE code.
The uplink control signal genetated in 1his way isransmitted:from the yser ; |

apparatus to the base_station using a dedicated ban%. The user a paratus

can uniquel determing%hice:ﬁ(%%?t inthé %%udtéﬂfgattta %%n(cjolg used based on

resource ifforiatibn © ThEresurteSihfathiation iHdicatesirebeteriiingd X~ th
correspoRdénde pelationshig beésveer amappihg -25npasitior irftheldolalink
F1/F2 control signal amd aesatirces of thel upkrk eontrolssignal rangisnding
specifiedry) theicadeninformationangl reseuece, #fermaton units 342 apdq . 1) ,
742 shown in, Figs, g anf.L. 5 EQL Example., assuming that coptrol ¢ |

information for a user apparatus is mapped to a X-th. position in the downlin
b S ek e e R
correspoflling™ félatiorstiy urittiehy assodates x with sfot (RS STe CHRASC
code (segeénde nomiber, cyelie shiftarnount)e bleckespread codes freqdende
band andthe:likerused forntheadplinkcontrot signal. nidis, correspandencet o

relationship is kngwpdo the diser apparatus, and the sbase;station apparatus.
Accordinglé/k resources to 15 be used foE the uglink control sig!/nacgt includigg

nowledgement Intftormatloh are UNnigque erive
based on information indicating that “control
information (control information accompanying the
downlink data signal) addressed to the user

20 apparatus is mapped to the X-th position”, and the
uplink control signal is transmitted using the
resources.

Fig.1ll schematically shows such a

predetermined correspondence relationship. In the

25 example shown in the figure, when control
information accompanying the downlink data signal
addressed to a user apparatus (that is, control
information including scheduling information) 1is
mapped to an X-th position, ACK/NACK for the

30 downlink data signal is transmitted by the first
hopping control signal (Fig.l). The downlink data
signal may be a retransmission packet instead of a
new packet. In the case when a resource block used
for the retransmission packet is specifically

35 determined, the correspondence relationship is
determined considering such information.

Fig.12 shows a situation in which



acknowledgement information are uniquely derived based on information
indicating that "control information (control information accompanying the
downlink data signal) addressed to the user 20 apparatus is mapped to the
X-th position”, and the uplink control signal,is transmitted using the
resources. Fig.ll schematically shows such a predetermined correspondence
relationship. In the 25 example shown in the figure, when control information
accompayii thecdovirlink data sigrdl kaddre5sed t6 adiser apparatas ehaed
is, controf dnfarmatien ipcludimgrschedoling informaticmtis dmapped to @hen
X-th positien nACKINAG K fof the 80downlinkdata signad isstransmitted by the

first hopping.cantrol signal (f2ig 4).-Fhe downlink data signal may,be @y« o1
retrgnsmission packet ms,ctegd of a new epof:\ckeE In ttple case when a res%rc%
S na 1S ,Nno ransmi . n..t S a an pLln
block uséd For the retransmission packet'is sgeuflcallry_ 35 d%?érmlneél, the
correspoRdBhEe teldtididhip i< abtéHhiiAed conSidefing Subhadimaticn PY
Fig.12 showsa sitaaticr irwhiche-R6Y résoirees forakie wipfink contrélisignal -
are reserved for a userrpertormimg persisteént scheduding a2¥Whent gowntink

communigatign based anfpersistent, schedulingis performed. therdownlink

L1/¢ coptrgla ?@Pﬁ' 5 Q}stéapsﬁ%g?a@u@&ss?a%% angplink , ¢ontal signal
including ACK%!LAC IS traEnsmltted resources s ecn‘lc.allg pa[epared as

. . . ba . ¥ a3, rat ansmit simllar
shown Inslﬂ‘l rh. .Tn step Irllj]s—'lg.& abaseusstaﬁon applaratus re%:eﬁ/es

uplink confrol-Signa ki a Ledplarality 6Fbserdpparatuses, &adtrol
demodulatesthé sigrials. tEachs aser agparatusatransmits: arsimilare uplink
control sighak Bttnthediyplinkcaosttrot tSignals use the same-CAZAC cade

sequgence faning. different cyclie shifamounts, differeptbands.qi rrerent
block spread codes. These are specified by the code
information and resource information unit 742.
As mentioned above, since the whole CAZAC
code 1s merely multiplied by one factor in each long
20 block, the base station apparatus can add uplink
control signals received from each user apparatus in
phase. Therefore, when the block spread code is
used, orthogonality of the code is exerted. 1In
addition to that, orthogonality among CAZAC codes of
25 the same sequence having different cyclic shift
amounts is not collapsed. Thus, the base station
apparatus can orthogonally separates signals sent
from each user apparatus. Even when non-orthogonal
CAZAC code is used, the user apparatus can be
30 identified with lower interference as compared with
the case in which a random sequence is used.
Further, by determining the contents of the first to
twelfth factors used for the uplink control signal
for each user apparatus, contents of acknowledgement
35 information and/or channel state information can be
identified.

In step B3, the base station apparatus



15 CAZAC code of different sequences and/or different block spread codes.
These are specified by the code information and resource information unit
742. As mentioned above, since the whole CAZAC code is merely multiplied
by one factor in each long 20 block, the base station apparatus can add
uplink control signals received from each user apparatus in phase.
Therefore, when the block spread code is used, orthogonality of the code is
exerted. i Hdoftioh IHEE BitHogoRaRty afon§ CAZAC tdElesdf 28theO L
same sequence=having differentcyclic shife saowntsds hobedapsedeThus,

the base stationn apparatys camorthogonally §epam@$1§ign§£sawt from
each usef apparatus .Even when nonsorthagenal, CAZAC cade éﬁok!%%%tthg

user5appgrat%3 can blei39<idceonrtli i%i witsh.lloylvae interference as compared with
the case'in which avandom sequence is aséd.” Further, by determining the

contents of the first to “fwefif fattors UsedFoP fife GpInkeEstitrot &ighal fore
each useradpparatus cariteats cffacknewledgementi3sintciaratioreand/or the
channel stateripmaationican be tidentitiech In:step. B3l the-base statishgnal

apparatus ;127 BeHQrAs Pracessingsughas, retransmission control and

respyirce gssianiment based.on-acknowledgement, information (ACKINACK)
and/or ch%nnel staée mformaélgn CQrI) rS(-:%Eort d from the user ap%aratusS

by the upﬁinﬁ c%ﬁ?ro?giaﬁgﬁ%\ccora%g 0 Oenpreerégﬁt em %ailrﬁ)éln, 2 rhusy

mapping Postisrraftfie irformatisn addrésseds the TGSt apparats iR the
downlinkusl¥B2 tontrohsignall and resources foritheauplink controbsignal 10
includingsAcKANACKiareasiguely eetermined bydising tbe predetesnineto r
corfespondence, relationship oThus, it beecomesdinnecgssanydo fepet r or
resources fo be usged for the uplink ontrol signal one BY.9l&  ces can be
saved as compared with the after-mentioned second
embodiment.
[Embodiment 2]

20 Fig.13 shows a block diagram of the user
apparatus according to a second embodiment of the
present invention. In general, the user apparatus
is similar to one described with reference to Fig.2.
But, the user apparatus shown in Fig.1l3 is different

25 from one shown in Fig.2 in processing of the unit
340’ for determining resource block number of the
downlink data signal, and the code information and
resource information unit 342’.

The unit 340’ for determining the resource

30 block number of the downlink data signal extracts
control information addressed to the user apparatus
from the downlink L1/L2 control signal, and
determines a resource block to which the downlink
data signal addressed to the user apparatus is

35 mapped. For the sake of explanation, it is assumed
that the downlink data signal is transmitted to the
user apparatus using a Y-th resource block (RB-Y).



Since it is only necessary to prepare resources for 15 (the number of
multiplexed users and the number of times of retransmission) at most,
resources can be saved as compared with the after-mentioned second
embodiment. [Embodiment 2] 20 Fig .1.3 shgws a block diagram of the user
apparatus according to a second embodiment of the present invention. In
general, the user apparatus is similar to one described with reference to
Fig.2. But, the user agparafiishiown irPFigPET isfdifferent 285rorm onenation
shown inlkigs2 inhgrocessing ©f thenorit 340" faradeétermiming-resource block
number afifhe rdewnlink data sighal.and the eedednfornatieon and aresource
|n1‘ormat|9f|gt f@%g%_TE%lL%rgt@AiQ; iﬁqrcgq;gtgglngg)tg[gl@s SQULGE- §Odblock i
numper of the downlink a signal extracts_control in na ssed to
the wser AORatis ot (e SoRLlink L7 Gt bigial_and Sletéisanes o
resource BIGERHFWhithAré doviflinkCdata’Sighardddressétiiitha e L and
apparatusds 381fAgpped. Farahezhke of explanatiof Litisrassumed that the
downlink<gata signad istransmittedatorthe yerdppasatusssing ary-th

resourcediaek (RBY)n23-1A additiontospecHyingcade.information like thee

unit 342 shown in Eig,2, the code: infarmation and resqyree jnformation unit
342 ref%&séo a list Indicatin corres‘_ﬁ)(ondence 5 relatlonshg) betweenhthe

location -%Hb?%ﬁeo nr,e%(I)lurcreeb OCK tiS&d ‘f‘orrethéed%(\)/\}:nﬁi% data %lag%al and
resources GHERE Bplink é&strdl sigral San@ fspeefies\ilieh 886 GHBShbuld
be used for transmittifig thel dplirtkoeonteolsigal intladingthe 10the base
acknowledgement iatosaationsThe specified codet indormationiarcthbodiment

respyrces are repeyied to,each, comnonent likg the case of the.first ;s e

embomn%%%tion apparatus shown in Fig.1l4 is similar to one

shown in Fig.7. But, the base station apparatus
shown in Fig.1l4 is different from that shown in
Fig.7 in processing on the code information and

20 resource information unit 742'. First, the
scheduler 722 reports information indicating a
resource block to which the downlink data signal
addressed to each user apparatus is mapped, to the
code information and resource information unit 742'.

25 Assuming that a data signal addressed to a user
apparatus 1is mapped to a Y-th resource block (RB-Y),
information indicating that “the resource block is
RB-Y” is reported to the code information and
resource information unit 742’ as to the user

30 apparatus.

In addition to specifying code information
like 742 shown in Fig.7, the code information and
resource information unit 742’ refers to
predetermined correspondence relationship between

35 the resource block number (RB-Y) and resources of
the uplink control signal including ACK/NACK for the
data signal transmitted using the resource block, so



Fig.14 shows a block diagram of the base station apparatus according to the
second embodiment 15 of the present invention. In general, the base station
apparatus shown in Frg.14 is similar to one shown in Fig.". But, the base
station apparatus shown in Fig.14 is differenf from that shown in Fig.7 in
processing on the code information and 20 resource information unit 742"
First, the scheduler 722 reports information indicating a resource block to
which thé 8awnlifk dagfSignal adfressed tereachaiset appatatGs fgation
mapped,uo the 7céde infermationsanchiesources mformratiomoundit 742", 25ed
Assuming dhat-a datansignahaddressed to awses rapparatsds mapped:-to-a
Y-th resogree block (RB-Y), information indicating that "the resource block is
RB-Y" is reported to thchlod I formavlqtisona%nde Jesoyrce i@forrkpgtion unit 742
as to the user 30 apparatu%.' n ag&ﬁon to specfyl g code information like

742 show? fif ERPPAHE Lot iffotmation ahid - resduréd infGrdtort ufiit 742"
refers to ipretletermived eorrésSpdridehceeRtionshipBet@een 38othes /
resourcedsiackianambes (RBrY) ard resousces. gh the uphnkicortralsignal are

including-AGKANACKSar the ata signal trapsmitied Using the resoixee
blogk, so 29 tha ,th%ESd%&ffﬁﬂéRO'}S‘Pd{ﬁéo%rfﬁéﬂf%@ag?@t‘é%'hlﬁz'

) . L
specifies which resog}r}igcsgou d be used or trans%u tlngttpl% ug.elcbnk control

. . fes%ugce %re Lransmitte (Fd
Slgnal in the future. SNOWS an example of t correspondence

relationsRipP - fhé &athiplelshivii 3t the figurk) as to 16 resource block
numbers, ACK/NACKZTor tHesfinst tos eightterésotiroe blocks are etrarismitted
by the firstkoepping contreksignalkQ- (kigdd, and AGK/NACK ferdthe minthdo
sixtegnth, resquree blacks are dransmitted byghe secepdic ro1 signal
including ACK/NACK are uniquely determined by the
predetermined correspondence relationship, it is not
necessary to report, to the user apparatus,
information indicating which resource should be used
20 for uplink control signal one by one. Since
resources for the uplink control signal are uniquely
derived from the resource block number used for the
user apparatus, it is not necessary to identify
whether the data signal transmitted by the resource
25 Dblock is based on persistent scheduling or not. 1In
addition, since the resource block number is used as
a basis, instead of using the mapping position of
the control signal like the first embodiment,
resources for uplink control signal can be easily
30 specified.

As described above, while the present
invention is described with reference to specific
embodiments, the respective embodiments are merely
exemplary, so that a skilled person will understand

35 variations, modifications, alternatives, and
replacements. While specific numerical value

examples are used to facilitate understanding of the



hopping control signal (Fig.1). In the present- embodim.ent., since the
resource block number used for the user apparatus 15 and the resources for
the uplink control signal including ACK/NACK are uniquely determined by the
predetermined correspondence relationship,qjt is not necessary to report, to
the user apparatus, information indicating which resource should be used 20
for uplink control signal one by one. Since resources for the uplink control
signal ar@ tmitfuely ‘defivedfroin the FEsStiee bistk numberdsed fortré ey
user apparatus,litis, netnecessanytp ideptifypwhether the datarsignak used
transmitted bydbhe spseurce 25 blogk isibased on pessistent sehedulingter not.

In additign,since the;resource blogk number s used as ahasis, dngipad of

using the, map 1Cr|1 position.of the fogtrol signal Iiketth fir tembogi(r)ndent
p

resources or u |n(f<ndon%rno(i1 s?g%%? can %eoéfasﬂ?/%eo speacrllfie&f ‘As described ©°
above, Whilé the pressht SiRvBRTGT Rodescribed Wit Feferehte s spécific
embodintetits, ahe respective iembsditnerit® are hitie§C exemplary tso tHat a
skilled person avithenderstand 135 yaréations, modifications,ialterratives; and
feIO'acemAeg!i%gVVhU% specifie mmgf&,qal &@B{@r%@,mpﬁfc_@fealﬂﬁ%@af%ﬂi{?ée
undeystanding of the ;30 piesent jpvention. sych.numercal valyes are. . o,
merely examples, so that any aIﬁ)ﬁopnate value may be us.t-%-lde unless

S tware r a. atlo T re . T resent .
SpeCIerd (% erwse.’C%ssﬁlcaﬁon intdo €ach embodimeént is not%ssentla In

the present 5°veéAtior, arftPéqualo o tndre thaR tie erfbSdiRfehte Shay be

used as npecessary.Foriconvenience of iéxplanatiors whilettherappavateis and

according ¢p the: @mbaediments ohtheupresenhinvastioin issexplainedeusingn

funi:gon@lzp%@agl@}g@%%a %éﬁpaﬁrﬁ@%pirit of the present
invention.

The present international application
claims priority based on Japanese patent application
No.2007-073724, filed in the JPO on March 20, 2007

20 and the entire contents of the Japanese patent
application No.2007-073724 is incorporated herein by

reference.

25

30

35



10 as described above may be implemented in hardware, software, or a
combination thereof. The present invention is not limited to the above
embodiments, so that variations, modifications, alternatives, and
replacements are included in the present inygntion 15 without departing from
the spirit of the present invention. The present international application
claims priority based on Japanese patent application N0.2007-073724, filed
in the JPO on March 20, 2007 20 and theléntifé contents of the Japanese
patent application N0.2007-073724 is incorporated herein by reference. 25
30 35-31- CLAIMS 11 A usersappasatusfor transmitting andiplink coqtroh
signal to g hase,station Appatatys 5 Using.a single cartier Sehemes ot us
comprisin, :-%“F"é cogg%LiredC:tg receive a oevrvnrelllnkcgontrrgl signa and a
downlink a]tailgna?; a unit ponﬁgured to prepare aci?ﬁqwlse g%ment ,
information indicating fosifive 16 dtknaWisdgentertoretative 4o L 1ink
acknowledyeient fai tier HowrfinR daearsighak alartie cenfiguréd to prepare
the uplink control signal including tife gckreivledgement information; 15 a
unit configured i trapsmitthe uplink coniroh signal using different resaurces
which arg ifgtent fpm cesousces, at can be-useblor a0, Upliolc dala, cne
signal; algid a sltoraﬂgl;e unit confi uarn?d o store 20 predetermined

8wn in Fat%TSl ;. .
correspondence relationship unlquely associates resources of the

downlink a unit configured to prepare the uplink
control signal including the acknowledgement
information;
15 a unit configured to transmit the uplink

control signal using different resources which are
different from resources that can be used for an
uplink data signal; and
a storage unit configured to store

20 predetermined correspondence relationship which
uniquely associates resources of the downlink
control signal or the downlink data signal with
resources used for the uplink control signal.

25

2. The user apparatus as claimed in claim
1, wherein the predetermined correspondence
30 relationship uniquely associates a frequency and an
OFDM symbol to which the downlink control signal for
the user apparatus is mapped with a time slot to
which the uplink control signal is mapped.

35



control signal or the downlink data signal with resources used for the uplink
control signal. 25 2. The user apparatus as claimed in claim 1, wherein the
predetermined correspondence 30 relationship uniquely associates a
frequency and an OFDM symbol to which the downlink control signal for the
user apparatus is mapped with a time slot to which the uplink control signal
is mapped. 35 -32- 3. The user apparatus as claimed in claim 2, wherein,
when communication i$ perfstmedy Persistent Sched i imbwnlink . thign
uplink ceéntroltsigreal including themcknowlkedgement Soaformatien sy
transmitted byireseurces slifferent feom thei differentaesedeces, 104 The
user apparafus as claimedinglaim, 4, wherein the predetesmined, .
°°”§Sp°f‘.9 ce felationship Uniquely a?égchgtes aresource blackto which
the downlink data signal is mappeti WI'[% a time” 15 Sfot 1o which the ufﬁln
control sigh@listhapped.t 265! TheSisst dpparatus as claimed in claim 1,
wherein the uplink control signal includes a plurality of unit block sequences
each of which is obtained by multiplying all chips of an orthogonal code
sequence for the user apparatus by a same 25 factor. 30 6. The user
apparatus as claimed in claim 5, wherein factors by which each of a plurality
of unit blocks having t£1e same contents is multiplied reg[es,ent??n, 15
orthogonal code sequerice. 5 335 7. Abase station %ppa?a]tﬁse or'recsiving"

an uplink'coritrst sfgial from teSdSeredppatatiscor respondence

relationship uniquely associates a resource block to
which the downlink data signal is mapped with a time
15 slot to which the uplink control signal is mapped.

20 5. The user apparatus as claimed in claim
1, wherein the uplink control signal includes a
plurality of unit block sequences each of which is
obtained by multiplying all chips of an orthogonal
code sequence for the user apparatus by a same

25 factor.

30 6. The user apparatus as claimed in claim
5, wherein factors by which each of a plurality of
unit blocks having the same contents is multiplied
represent an orthogonal code sequence.

35



using a single carrier scheme, comprising: a unit configured to transmit a
downlink 5 control signal and a downlink data signal; a unit configured to
receive an uplink control signal including acknowledgement information
indicating positive acknowledgement or negative acknowledgement for the
downlink data signal, using 10 different resources which are different from
resources that can be used for the uplink data signal; and a storage unit
configured to store a predetérifified edfréSporRdaticerreldtionshiprwhrchv 139
uniquely assogiateskresourceslofthe mownfinkcontrel signal erthe owrdink
data signaé with resourcesused fordhe uplink epntrehgighali ni2: 8. A method
used in & mobile commurigafon ypleI MAich yses a-single carierseeme
in upglnk com I’Iflng comAprlsmg 25da stef) in.wh ch a downll _control
signal anéDa ownllnjk data S|gnal are 1 ransmnt{(e from & llSJase dtation
apparatus to a user appardtus; & Step AWRRhE usEFappaTats prepares an
uplink con@rorsighakingluging: acknoivledgemene BeiRtsrhrationiindieatiag 1 on
positive dcknowdedgementsartiegativekacknoudedgementdor theydownknk
data signal; apd e-stepria whigh the-uplinkcantrol signat ds irapsmitfed; fropy
theyser appaialus, o Uiehase: S5 sfalien apparalys psino dffaregy
resources WhICh are d| erent frombe-sourc s% at can, be ui:ed for an upllnk
data S|gnaTS% L Wherein the F8Soufces Sed f6r'the uplllrlﬁz conﬁoﬁj&gnal are
uniquely #efivéd in t'base station apparatus and in the user apparatus
from resources of thedowmntinkcontrol signahdrithhered to store a

predetermined correspondence relationship which
15 unigquely associates resources of the downlink
control signal or the downlink data signal with

resources used for the uplink control signal.

20
8. A method used in a mobile communication
system which uses a single carrier scheme in uplink,
comprising, comprising:
25 a step in which a downlink control signal

and a downlink data signal are transmitted from a
base station apparatus to a user apparatus;
a step in which a user apparatus prepares
an uplink control signal including acknowledgement
30 information indicating positive acknowledgement or
negative acknowledgement for the downlink data
signal; and
a step in which the uplink control signal
is transmitted from the user apparatus to the base
35 station apparatus using different resources which
are different from resources that can be used for an
uplink data signal,



5 downlink data signal according to a predetermined correspondence
relationship. 10 15 20 25 30 35
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_34_

wherein the resources used for the uplink
control signal are uniquely derived in the base
station apparatus and in the user apparatus from
resources of the downlink control signal or the
downlink data signal according to a predetermined

correspondence relationship.





