DESCRIPTION USER DEVICE, BASE STATION DEVICE, AND METHOD

5 TECHNICAL FIELD The present invention generally relates to mobile
communication technologies. More patrticularly, the present invention relates
to a user device, a base station, and a hiethod used in a mobile
communication 10 system. BACKGROUND ART In the field of mobile
communication technologies, research and development of next 15
generation communication systemsdré Beirg Eolducted at a rapid pace. In a
candidate next generation communication system, a single-carrier scheme is
to be used for uplinj o, redhice the pealctapypiage paweLrala PARR) .
while achieving wide coverage. Also in this 20 communicatioh system, up(ﬁnk
and downlink radio resources are allocated to users according to their
cammunicationconditians in the form of shared channels to be shared by

the users. The process of a}fllosceati g E%qfignr sglrjlrceseirslecg%?g "sc@gggltiré Ir%O
order to 25 perform uplinliosceheélu ing properll, each user device transmits a
pilot cRafmdI%o & PaSE station aRd the Base! Sttfsh estitrates Biplink ehanrel -
conditions of the éser devioe-based-en fhe geceptian quality ofthe pjlota base
channgl, Similarly. n order g Rsriorm,dawnlink 3Q scheding pIRRIly, 118 1o,
base station transmits a pilot channel to the user device and the user device
reports Yifsithation indicating channel conditions (channel quality indicator
(CQI)) to the base station based on -2- the reception quality of the pilot
channgl, ~the base station evaluates downlink channel conditions of user

In the field of mobile communication

technologies, research and development of next

15 generation communication systems are being conducted at
a rapid pace. In a candidate next generation
communication system, a single-carrier scheme is to be
used for uplink to reduce the peak-to-average power
ratio (PAPR) while achieving wide coverage. Also in this

20 communication system, uplink and downlink radio

resources are allocated to users according to their

25

30

communication conditions in the form of shared channels
to be shared by the users. The process of allocating
radio resources 1s <called “scheduling”. In order to
perform uplink scheduling properly, each user device
transmits a pilot channel to a base station and the base
station estimates uplink channel conditions of the user
device based on the reception quality of the pilot
channel. Similarly, in order to perform downlink
scheduling properly, the base station transmits a pilot
channel to the user device and the user device reports
information indicating channel conditions (channel

quality indicator (CQI)) to the base station based on



devices based on CQIS reported from the user devices and performs
downlink scheduling based on the evaluation 5 results. Meanwhile, uplink
control channels may be categorized into first control information (essential
control information) that is always senﬂ%gether with an uplink data channel
and second control information 10 that is sent regardless of the presence or
absence of an uplink data channel. The first control information includes
informéatfien thetirhecassanatoldemodulates datachanhelnsich-asthe base

modulatior seherae anckthes channel cading ratenafithe-data ehamnel. Jheuser
second 5 control mfoerg:(atlondggludes a ddqwgll rngl acknowleg%%r{](:eent

informaﬁgﬁ(ﬁ%@ﬁ% )Ot%ra Swhiink andlora s and

ata channel, and/or a résource
allocatieit fequisst. 20Uset device i ttanRsmiteniythefirst Ebptrgtvaluation
informatien, @rly the second control information, or 20 both of them via an

uplink control chanpleezl. Iraqgiqrgpos%d m%?odby)vhgno% res ua[%%gj[%ck raadio be
resources) is allocated for franémission of an uﬁln]i( ata channel, the irdt

controf if6ARalGIE fand &R0 thersécor@ebhfrdl infofmation iPRecéssary) is al
25 transmittesh using thenallocated tesaurce blotkaard when o yptink datai th

channglis {0 be angmitted, fhe second, gontrol ifermation. i ranspited. ; .,
using §edicateg resources c(dedlcated frequency ban(,-! - This method is
déscribea belsv #f rorestetaf 186 £I16 £ 1 182 drawing Afustrating i egamplen

of uplinkiftequentycthandalacation. ImHG. 1] twa Sizes of sesourse dtoeks; on

large and.small, arg-provided. ;the, jarge resoyrce blocks haye g bandwidth,

FRB1 of 1.25 MHz and a time period TRB of 0.5 ms. The small resource
blockstidve aPantifitth ERB2 ct375 Kz divd'a'tineé perioreme  and - the

channel coding rate of the data channel. The second
15 control information includes a downlink CQ1I,
acknowledgement information (ACK/NACK) for a downlink
data channel, and/or a resource allocation request. A
user device may transmit only the first control
information, only the second control information, or
20 both of them via an uplink control channel.
In a proposed method, when a resource Dblock
(radio resources) 1is allocated for transmission of an
uplink data channel, the first control information (and
also the second control information if necessary) 1is
25 transmitted using the allocated resource block; and when
no uplink data channel is to be transmitted, the second
control information is transmitted wusing dedicated
resources (dedicated frequency Dband). This method is
described below in more detail.
30 FIG. 1 is a drawing illustrating an example of
uplink frequency band allocation. In FIG. 1, two sizes
of resource Dblocks, large and small, are provided. The

large resource blocks have a bandwidth Fggz; of 1.25 MHz



TRB of 0.5 ms. The time period may also be called a unit transmission

period, a transmission time interval (TTI), 5 or a subframe. One time period
may correspond to the duration of one wireless packet. In FIG. 1, six

resource blocks are arranged in the fréaﬂency direction and the small
resource blocks are located at the right and left ends. Various arrangement
patterns may be used to 10 arrange resource blocks as long as they are
knowretecthet sénding and receiving emfls. In themexample shsvad in RISsopree
Uﬁ'ink@f?@ﬁ@”@ﬁﬂﬁep%ﬁ@mi@@ﬁ%@h th@ﬁ; c&alt@b stzjh?fm@e&sqéfirgt qutéolgeriod
channels) acc anying uplink . data channels and if necessary, secon .
contro?%%a%%e S ESHg?é tr%aﬁ%mléltjténg iy ggﬁg%ﬁfﬁg ti?nlesﬁeerifgdsc}éflsfﬁeeg @ unit
respectiveriarge resouree biccks @hé see6rd Sthird fouRRA, and fifthaesodrce -
blecks).rAlso, Hransmission dimrings ptuses devices are adjustechbsueh that the

controldé:pa{mels s€cond control channel are tr?nsgiged #]sinsgi}%o the

atlo one lrelesSs acC . resource
small resource blocks ({he first and sixth resource  bloc s) when upllrﬁ< data

channBls°aresnct 16 be riransmiittetl AtSEtond TortdF Ehahiél O etsetnd the
devicesmaay be éransmitted usingstwasmall sgesedrceblacks. i dhis examplert

the Se%%[% control ¢hannel g éJaSﬁedﬁé’%%e Zéﬁ%i@e%'%sm%tae? using the sixth .
resource block in tlf‘le second subframe and the first resource block in the
thitd s@bfrafrt ﬁﬁﬁlﬁﬂ??ﬁhebéé’(?dﬁd édnttorchannel B Userdefiy'B i§© the

transmitied usingithe sixtheresouice raleck imthenthireksubfiameranchthnfirst G .

resourge block 30,in the fourth;sybframe. Thus, g second cantrol chanpgl, is.
transmitted so as to "hop" in the requenc% and time directions. This method

makesit PoRSibte té achidve e hd f ey Hiversty gl e uPLink
increase the hprofedbility thiatithe secend <ontrokekanrel i® proparlychannels

15 are transmitted in parts of the time periods of the
respective large resource blocks (the second, third,
fourth, and fifth resource blocks). Also, transmission
timings of user devices are adjusted such that control
channels (second control channels) are transmitted using

20 the small resource blocks (the first and sixth resource
blocks) when uplink data channels are not to Dbe
transmitted. A second control channel of a user device
may be transmitted using two small resource blocks. In
this example, the second control channel of user device

25 A is transmitted using the sixth resource block in the
second subframe and the first resource block in the
third subframe. Similarly, the second control channel of
user device B 1is transmitted using the sixth resource
block in the third subframe and the first resource block

30 in the fourth subframe. Thus, a second control channel
is transmitted so as to “hop” in the frequency and time
directions. This method makes it possible to achieve

time and frequency diversity gain and to increase the



demodulated by the base station. FIG. 2 is a drawing illustrating another
example of uplink frequency band allocation. As in FIG. 5 1, two sizes of
resource blocks, large and small, are provided in FIG. 2. In this example, a
time period TAB of each subframe of the small resource blocks (first and

sixth resource blocks) is divided into two sub-periods. In FIG. 2, the second
control channel of user device A 10 is transmitted using the first resource

block inrefirst 1ddl-peribd {thehfirsshalpnof thefirstosubffeame ahd i thersigtre r Ly

resour@@nbjgglgj;tgese@pngyﬁybg@ggog {the; second half) of the same first
subframe. Slmllarly ond control hannel ofu deV|c

transmitted 15 usmg & sixth réSource bioeK in the flr sub perﬁ)nog of?ﬁmther
first subfrdiRe and theFirstres6UrREISIOEK irP3he seédnd stubperidtbofithe 1G -
first subframe; Thesecond C@@y@hgbanmﬂs)@wserl@@zj@eSaAcananﬁme are
also transmitted in asi ilar ma nerin the th|rd nd fifth 20 subframes, Thus

a second col coﬁ{rc% anngﬁils trfrz;lngmlttéh S0 as 0 a:]'hop |n%he%r§qeuren0§/ z]ain]a o
time dité€tion3  iHidTRetRdd mMakesTtpbssibSIacieve fmeSanéf irst and
frequency thversity gatreand ta-increase thevprebability dhatwbe secopdriods.

control. channel ispropgrly dema %}Jl%tggtz by the, g%‘%ﬁ S@Pousersocygl\tfh this 5
method, transmission of a control channel of user device A is complet ted
Within bhe SUbHEME 27 FARSRissReh 6f-& ThnioP HEFMeP bP Gker-Bevicd St

is alsoscampleted avithithener subframel Therefore hthisfmethoddsipreferablend
to redyee, 30, trapgmission delay ofuplink control chanpels. J&? %‘%‘%‘ﬂ%d (the

technologies are disclosed, for example, in 3GPP, R1- 06167
DISCLﬁgelpﬂE @:lmVEKlTT@RI same first subframe. Slmllarly, the

second control channel of user device B is transmitted
15 using the sixth resource block in the first sub-period
of the first subframe and the first resource block in
the second sub-period of the first subframe. The second
control channels of wuser devices A and B are also
transmitted in a similar manner in the third and fifth
20 subframes. Thus, a second control channel is transmitted
so as to “hop” in the frequency and time directions.
This method makes it possible to achieve time and
frequency diversity gain and to increase the probability
that the second control channel is properly demodulated
25 by the base station. Also with this method, transmission
of a control channel of user device A 1s completed
within one subframe and transmission of a control
channel of user device B 1is also completed within one
subframe. Therefore, this method is preferable to reduce
30 transmission delay of uplink control channels. The above
technologies are disclosed, for example, in 3GPP, RI1-
061675.



PROBLEMS TO BE SOLVED BY THE INVENTION In FIGS. 1 and 2, control
channels of user devices A and B are indicated by labels "Control A" and 5
"Control B" and it looks like as if each small resource block is exclusively
used by the corresponding user devicé A or B. However, it is preferable to
share a resource block by multiple user devices to improve resource use
efficiency. For example, it may be possible 10 to share resources of a

fPed freepia pandViising! fequency division multiplexing
(FDM)zHowewer ibuserss aresimply multipiexediby ibM, a frequency band
allocated to each Lé?er bEefggestﬁararO\é/ and thgopl%mgfr ofh ChIIPS IQC|L(J)(%ed in

. Tl
the frequency band decreases (the chip 5 rateis reduced) . THiS in turn mélfer

decrease’theesurhber of BrihbgonalPdstd séqirencesnesed to-distingdish pilefd
chnnetseftuser devicesand inciease thedstesteremce: deviel sAlsoy ifdbisource
aIIoweg to fLeqL{%ntI% QQ?”Q‘E &Q‘i traggméssi}gn b%@ldwidcthrofeasn ugl&@lconggler
channellé)ﬁ according to, for exar%ple, the nurber of muﬁlpfex&p userg, the

base st&ficrr had'to Pépott thE eRarge in the ttansRiisdi6ABakriwidth ©has&r 2
deviceseeach-time iblecoursblhisrinituim increases thelamelyy oftdownlik-ove
control information, (s19naling. oy r&‘??‘d%@Pde@géé{??e‘?e‘i@a%%;}h%e possible
transmission efficiency of data channels. Alternatively, code division .

rhtiltipleXingEBMY 8RTBIEYES ir? W-EDRRA TG comffiltfication systeris 119
may be tseaktoc gharestesotiices 0t ardedicated fraguencydand: VYith ChMers
tis pogsible la ipcieasehe-nandwidin tofe aljagaled 30 G- BAERUSEY  pand

However, this method may increase the rference power levél and reduce

the sighat qualify? AlSoSit e dckifowlsdgeRient f ol ratort (ACRHIREK) ©F
and therchannelquality indicatoe (EQdpoktheysamedisés@areabes (the chip

15 rate is reduced). This in turn may decrease the number

of orthogonal code sequences used to distinguish pilot
channels of user devices and increase the interference
level. Also, if it is allowed to frequently change the
transmission bandwidth of an wuplink control channel
20 according to, for example, the number of multiplexed
users, the base station has to report the change in the
transmission bandwidth to user devices each time it
occurs. This 1in turn increases the amount of downlink
control information (signaling overhead) and may
25 decrease the transmission efficiency of data channels.
Alternatively, code division multiplexing (CDM) employed
in W-CDMA mobile communication systems may be used to
share resources of a dedicated frequency band. With CDM,
it is possible to increase the bandwidth to be allocated
30 to each wuser. However, this method may increase the
interference power level and reduce the signal quality.
Also, 1if the acknowledgement information (ACK/NACK) and

the channel quality indicator (CQI) of the same user are



multiplexed by CDM, the peak power may increase. One object of the

present invention is to provide a user device, a base station, and a method
that make it possible to increase the number of multiplexed 5 users in a case
where uplink control channels each inéﬁj‘ding at least one of
acknowledgement information (ACK/NACK) for a downlink data channel and

a downlink channel quality indicator ('CQI), particularly uplink control
channgelsléach inchading ACK/NATK ipfermatiore 10Trepreserited 45y-one bit,

are transmitted fromaultiplg deser devicesdy g singlgrcarriersgheme. is to
MEANS FOR, SOLVING THE PROBLEMS An aspect of the present. o4 ¢
invention provides a 15 user device thaf franSmits at 1éast an uplrf‘nek cor?tro
chann@py a singheeairidrschemente e base SktioR Wit user devitelprlexed
ineludes ansacknowledgement inferraatiop 1generating:unit configuredito each
generate acknowledgement information indicating acknowledgement or . .
negati\l/é1 (igo“éﬁ]c nn%w?etdge?r%aésn% focr)%edO\C/)vénIini%gtcgﬂ;ea%eew;e a conlt?o% ormation
channéPgénékiting uhitcorfigirdd 16 yenérate the aplifik cortfol ehattiigll ink
includingahedacknpydedgementidinfermation;cand a transmitting ynifty uplink
configyred.to, fran 'ﬁﬁ%el%'p“@‘é%””%8@%‘%@%'gus'ﬂ81«a/9£€§at%§§r ation

frequency band when no resource is allocated for transmission of an uplin
déta chERAEE TheSupliRk coRfrofthannétbifclides muifipeunitBidckgultiple
constituting aisubframecand eachqifdhe anitiblocks hiaghides a sequence
generated by multiplying all chips 30 of an orthogonal code sequence
assigned to the user device by the same factor. Another_ aspect- of the

iAt Yoviges s methodWsed By a user device that transmits at
least an uplink contral chapwet by & sihglexcasient invention provides a

15 user device that transmits at least an uplink control
channel by a single-carrier scheme to a base station.
The user device includes an acknowledgement information
generating unit configured to generate acknowledgement
information indicating acknowledgement or negative
20 acknowledgement for a downlink data channel; a control
channel generating unit configured to generate the
uplink control channel including the acknowledgement
information; and a transmitting wunit configured to
transmit the wuplink control channel using a dedicated
25 frequency band when no resource 1is allocated for
transmission of an wuplink data channel. The uplink
control channel includes multiple unit blocks
constituting a subframe and each of the unit Dblocks
includes a sequence generated by multiplying all chips
30 of an orthogonal code sequence assigned to the user
device by the same factor.
Another aspect of the present invention

provides a method used by a user device that transmits



scheme to a base station. The method includes the steps of generating the
uplink control channel including acknowledgement information indicating
acknowledgement 5 or negative acknowledgement for a downlink data
channel; and transmitting the uplink cortrol channel using a dedicated
frequency band when no resource is allocated for transmission of an uplink
data channel. The uplink control channel includes multiple unit blocks 10
constittiting @esubframe and ®ack of the Unit biocks! intludes alsegeneerrier

generateddnemuliplying adl chips: of an arthogenah sade seaugnse assigaedp s
to the user device by the same factar. Another aspect of the present .

inventl%% p?g\ﬂgéfg%gt? se ga%onl%ﬁa Q(cei\feosn%tl%e%ls.t gﬁﬁrbﬁﬁi colrrﬁ%wlng
channeFky avsifglecemrier schepi@ fbhPmultiplél eRet gevicesiThellsasement

stationsinclugiestar extragting: 1unitearfigured 10 £xtrach acknowledgesentne 1 ;

informatign ndicatin.gcgcknowjt%deqeme tog(negati eafkn wled §ment 20
forad%{/lvnlin&rggt%mclhanlnne from theuﬁqumrk control ¢ ann%;aan gc%hed&llsnlgng @

unit cotffigtred 26 schefite aCeww P4tkEr 6P a PétrafRmission patket baseyted
on thef aeknoveledgementinfermationy andractransmittingaunit 1Iconfigareadtoi nk

transmit the, iew packet arthe 25 [elranaMmissio Lﬁaccik;lffi la the dwnlink; ,
t

data channel. The uplink control channel includes multiple unit bjfocks
cohstittfting 'a Subftame and*8ad 8F the Uit bRRKS irdludes8®a seghience! 0cks
generatedImamulltiplyirgralt chipsgehan orthogoralrcoteisequente assigaetp s

to a 3Q, gorrgspanding ong.af theuser deyices by the, §§‘9{}1‘?e£a‘3£°c§ ALt e

extracting unit is configured to determine the content of the
acknoWiedgemedit inferniatitn i détermining factors by which the

respective unit -e Another aspect of the present invention
15 provides a base station that receives at least an uplink
control channel by a single-carrier scheme from multiple
user devices. The base station includes an extracting
unit configured to extract acknowledgement information
indicating acknowledgement or negative acknowledgement
20 for a downlink data channel from the uplink control
channel; a scheduling unit configured to schedule a new
packet or a retransmission packet based on the
acknowledgement information; and a transmitting unit
configured to transmit the new packet or the
25 retransmission packet via the downlink data channel. The
uplink control channel includes multiple unit Dblocks
constituting a subframe and each of the unit Dblocks
includes a sequence generated by multiplying all chips
of an orthogonal code sequence assigned to a
30 corresponding one of the user devices by the same
factor; and the extracting wunit is configured to
determine the content of the acknowledgement information

by determining factors by which the respective unit



blocks are multiplied and correlation power levels of the unit blocks. Still
another aspect of the present invention provides a method used by a base
station that receives 5 at least an uplink control channel by a single-carrier
scheme from multiple user devices. ThePmethod includes the steps of
extracting acknowledgement information indicating acknowledgement or
negative acknowledgement for a downlink data channel from the uplink
controP10 ehannrele schietiuling sedewt packet bf aletramsmissicr paeketls of
basedanthe,acknowledgement information; and transmitting the new packet
or the retransmissi ket via the downlink data channel. The uplink .
control channel ingﬁggm%ﬂ?p%el%rnitab?&:elétcooﬂ%stitgﬁiengpares%%?r%mlengﬁa Fron
each oftRE LFfithleckBanelRdes acsequenée yetrerated by multiplying affeives
chips efr-an edhegonal cede nsequenceassgneshtola egrrespendig-one of ie r
the user, deyices by, the. same factor: apd jn [he.extraciing steps, fie conient.
of the ac&nowle gementin ofmation is 20 determined y determining factors
by whieR&he Sfespectivé unfbléciesard muitiptiedrard e6feldtion! poweration
levels of the-apit locks. KADVANTAGEQOUS EFREETOFeT Hiz INVENHEMen t
25 An gspect of {he pregent lnvention, provides gﬁert%ie“c% 3 base station, |
and a method that make it possible to increase the number of mu tiplexed
dders il arease’ wirsreiptihkiconttol BREANMRIS E5¢h iREIuding &t fedstohesdrn
acknowiedgement-datormation {ACK/MNACK) farg3ardowntirilk tata channebknd
and a doynlipk channel qualty. indleator (GOD. particuarly uplin eantrob e

channels each including ACK/NACK. information represented by one bit,
are trahsmittéd from MititiplFusétdévicéd By e  The uplink  control

channel includes multiple wunit Dblocks constituting a
15 subframe and each of the unit blocks includes a sequence
generated by multiplying all chips of an orthogonal code
sequence assigned to a corresponding one of the wuser
devices by the same factor; and in the extracting step,
the content of the acknowledgement information is
20 determined by determining factors by which the
respective unit Dblocks are multiplied and correlation

power levels of the unit blocks.

ADVANTAGEOUS EFFECT OF THE INVENTION

25 An aspect of the present invention provides a
user device, a base station, and a method that make it
possible to increase the number of multiplexed users in
a case where uplink control channels each including at
least one of acknowledgement information (ACK/NACK) for

30 a downlink data channel and a downlink channel quality
indicator (CQI), particularly wuplink control channels
each including ACK/NACK information represented by one

bit, are transmitted from multiple user devices by a



single-carrier scheme. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is
a drawing illustrating an example of 5 frequency band allocation in a mobile
communication system; FIG. 2 is a drawing illustrating another example of
frequency band allocation in a mobile communication system; 10 FIG. 3is a
partial block diagram of a user device according to an embodiment of the
present invention; FIG. 4 is a drawing illustrating a TTI, subframes, and
blockss 18RI S isradrawidtpilleistrating exemplary factors by which long
blocks (LB) are multiplied; FIG. 6 is a drawing used to describe
charac}‘éﬁﬁjﬁ%g sgﬁ%ﬁﬁ ggdg; E@ gﬁﬁ gﬁggvlng illustrating factors by 20
ing illustrating exemplary
factors and block spreéading é6dés ByaviiieH 16rd bockat are niultiglhiediFe. of
9 is a padiglblock diagram efa base i35 station accardingdo arvembodinentn

of the
accor

dEre sent. invention; FIG. 10 is a partial block diagram of a base station

r\/g fo anh embodiment of the present invention; 30 FIG. 11 is a

drawing illustrating Xemplary aﬁocétlorﬂéfif'é%%rcéslﬂd%séblkﬁEWP@dgé}ﬂ@ﬁfler
informatianpinea case whesehen-gohasentdetection isemployed; F}G. ks 1e

a drawing Hilystrating 3 mefhed,of -10-

10

15

20

25

30

FIG. 3 is a partial block diagram of a user
device according to an embodiment of the present
invention;

FIG. 4 1s a drawing illustrating a TTI,
subframes, and blocks;

FIG. 5 1s a drawing 1illustrating exemplary
factors by which long blocks (LB) are multiplied;

FIG. 6 is a drawing used to describe
characteristics of CAZAC codes;

FIG. 7 is a drawing 1illustrating factors by
which long blocks are multiplied;

FIG. 8 1is a drawing illustrating exemplary
factors and block spreading codes by which long blocks
are multiplied;

FIG. 9 is a partial block diagram of a base
station according to an embodiment of the present
invention;

FIG. 10 is a partial block diagram of a base
station according to an embodiment of the present
invention;

FIG. 11 1is a drawing illustrating exemplary
allocation of resources for acknowledgement information
in a case where non-coherent detection is employed;

FIG. 12 is a drawing illustrating a method of



determining acknowledgement information in a case where non-coherent
detection is employed; FIG. 13 is a timing chart showing an exemplary

process according to an embodiment of the present 5 invention; FIG. 14 is a
flowchart showing a method of identify‘lﬁa‘code information based on
broadcast information and allocation information; and FIG. 15 is a drawing
illustrating exemplary 10 CAZAC codes, cyclic shift amounts, and frequency
bandsdEXPRANATION OFREFERERICES 3021@OF estimatiorr unit 394 where
ACK./INACK geteraining=unit 15306 Blegkomegdgtion pattern generating unit
308 Block modulatig&juniﬁlo g)i%crgtemli:ouri%t‘klg%@sfgrrgwljlr%it ([(%FT) 312 ar
Sub-carrier mapping unit 4 Tiverse tast Fodrier transﬂorm Uit (TFI%?"? Y
316 Cyelregretix (EP)adting unit318MultifleRingrimit320 RE fransnigsieant
circuit 1322 Power;amplifier 324 Duplexer 25 330 Code information
identification unit CAZAC cade_generating unit 334 Cyclic shift unit. 335
Block spreading ur?ﬁ%%ﬁ%eqﬁ&c@ dgt?e?%clrr}]%]atunﬁ%gg 38 P?Iotné?gtrl?éﬁg of
generatitfg tinit B409PilotcCotFigurafiof detérnining BAS7P02 DiplexeF 704 REt

receptioireirgit dkdkr and allocation information; and
FIG. 15 is a drawing illustrating exemplary

10 CAZAC codes, cyclic shift amounts, and frequency bands.

EXPLANATION OF REFERENCES

302 CQI estimation unit
304 ACK/NACK determining unit

15 306 Block modulation pattern generating unit
308 Block modulation unit

310 Discrete Fourier transform unit (DFT)

312 Sub-carrier mapping unit

314 Inverse fast Fourier transform unit (IFFT)
20 316 Cyclic prefix (CP) adding unit

318 Multiplexing unit

320 RF transmission circuit

322 Power amplifier

324 Duplexer
25 330 Code information identification unit
332 CAZAC code generating unit
334 Cyclic shift unit
335 Block spreading unit

336 Frequency determining unit
30 338 Pilot signal generating unit
340 Pilot configuration determining unit

702 Duplexer

704 RF reception circuit



706 Reception timing estimation unit 708 Fast Fourier transform unit (FFT)
710 Channel estimation unit 712 Sub-carrier demapping unit 5 714
Frequency domain equalization unit 716 inverse discrete Fourier transform
unit (IDFT) 718 Demodulation unit 720 Retransmission control unit 722
Scheduler 10 724 Code information setting unit 726 ACK/NACK correlation
measuring unit 728 Noise power estimation unit 730 ACK/NACK determining
unit 15 BESTOMOBE FORICARRYING GUTITHEINVENTION The best
mode for caprying edttherinyentionis-described.based enthe following
embodimeg&sowith Cfl%frel{leer}f::eetsotmga%c%onmB%ni)éing drawings. Throughout the
accompanying drawings, the same 0 reference numbers are used for parts
having the skime feinti6Rs rand overlappintdéscriptions of those parts are
omitted. Acgordingrte=an embodiprent:ofdhe presenti yvention, when no

resource is,allocated for. 25 ransmission.of anuplink date shannel. an pplink
control channel including at least one of acknowle gement information and a
channel quality indRBIISAfarEnitettusing a dedicated frequency band.
An uplink conirol channehmeludasmultiple rutit 36 btock sequences (long
blocks) each generated by, multiplying all chips of an orthogonal code
sequence (tzyé\)/ically a CAZAC sequence) assigned to a user device by the

dae factof? With tis‘onfigaration: the baseta2- unit

726 ACK/NACK correlation measuring unit
728 Noise power estimation unit

730 ACK/NACK determining unit

15 BEST MODE FOR CARRYING OUT THE INVENTION

The best mode for carrying out the invention
is described based on the following embodiments with
reference to the accompanying drawings.

Throughout the accompanying drawings, the same

20 reference numbers are used for parts having the same
functions, and overlapping descriptions of those parts
are omitted.

According to an embodiment of the present
invention, when no resource is allocated for

25 transmission of an uplink data channel, an uplink
control channel including at least one of
acknowledgement information and a channel quality
indicator 1s transmitted using a dedicated frequency
band. An uplink control channel includes multiple unit

30 block sequences (long blocks) each generated Dby
multiplying all chips of an orthogonal code sequence
(typically a CAZAC sequence) assigned to a user device

by the same factor. With this configuration, the base



station can properly separate multiple users without disturbing the
orthogonality between the users by processing uplink control signals from

the users unit block sequence by unit block sequence. Since the size of 5
acknowledge information and the size of achannel quality indicator are
relatively small, each of the acknowledge information and the channel quality
indicator can be satisfactorily expressed by using one or more factors by
which afGAZAT code isanoliplied. 19eRecarding Tt Ahigrbodirpens of thehout

present: KwentioRgan upink eentiebehannel thatidoes-pat acgemparsyan by
uplink data channel ne_Ludes a CAZAC sequence duplicated for (e number
of Iondoﬁ%c?(s and” mu?tlp ied by a Fac?or, and a pifot channel made of a
CAZAE sestfuete. Therefore, thethdskostat fsiriean processt an tplimksdotrat £
chennegkwitboutdisturbingrthen eharactetdstics eheAZACG eodes bya channel
processliln%gte uplirqéic%r%tggrl cgqfnnelrl(e)%g tbilgf% by Igrrglgﬂock or short, l%loct -
by shott block? This indicates that the ort ogona 20 separability between

users BGo6H aftIRe CAZAC BEdaSTof loAgblocks!Ban b ased also g8ality

referencel signads for sehanaelsestination, Qath search; @nekeso o. Inother one
words, the abav thod makes it possible tq use, in, addition to a.small
numbebr ofmgf]ort%%%eiggmclu%ing a25 pilot ¢ anne?, man;s/ long %i’o%: s inan

dplink control charftef f6i9rposes suth asehafnBrastimafiontaRd Present
therefdrevmat kes jt passibledoigreatly dmprove the zacctiracy of channek not

estimation and path search, According fo an embadiment of the nresent 30, ¢

invention, both code division multiplexing (CDM) using CAZAC codes and
frequeney Hivison Thatipfexirg! (FEM) g BRiployed td Mitftighex Gpfinkt ™
controhchannelsaf multiple tset devicesdbut GBINIds giviearpreference over a

15 CAZAC sequence. Therefore, the base station can process
an uplink control channel without disturbing the
characteristics of CAZAC codes by processing the uplink
control channel long block by long block or short block
by short Dblock. This indicates that the orthogonal

20 separability between users 1is good and the CAZAC codes
of long blocks can be used also as reference signals for
channel estimation, path search, and so on. In other
words, the above method makes it possible to use, in
addition to a small number of short blocks including a

25 pilot channel, many long blocks in an uplink control
channel for purposes such as channel estimation, and
therefore makes it possible to greatly improve the
accuracy of channel estimation and path search.

According to an embodiment of the present

30 invention, both code division multiplexing (CDM) using
CAZAC codes and frequency division multiplexing (FDM)
may be employed to multiplex uplink control channels of

multiple user devices, but CDM is given preference over



FDM. This method makes it possible to reduce the necessity of changing the
transmission bandwidth of user devices. In FDM employed in this method, it

is not necessary to divide the entire frequency band into 5 frequency bands
as narrow as 1/(number of multiplexed‘bgérs). Therefore, this method makes
it possible to allocate a relatively wide transmission band to an uplink control
channel and thereby makes it possible to use a large number of code
sequehe¥s forldistinguishingl0 Nsérss AlSe withothiis. method Csingeduce  the

relativelysrpall trurpberah handyidths aresused insEBM dbispassiblede user
preven f(fe%tjeesnt cq%ng% fthen trﬁg\sggssi.onb dwid}rp. ‘ g)n ethlefdaEa Hot
sizes of acknowledgemen information (AéR/N )an% a channe quaﬁty
indicato? (€EIR ake 15%elativehdsmalh &t isifficaR to greathpiticreabénthe into
signal guadieeven ibthestansmissien bandwidth/qfh the aplinkrcontrot i plexed
channelis frgquer%trlyege@%g%cll. R hlesr, %lesggre({er%lglgetg reduce the

L .
overhead 635/ preventing frequent changes o fhe transmission bandwidth and

to 20 iprB¢eé tie signal ity By frarishiission"poweE esnttdl. Reedrding toan
an embpdimentefitbe gresenin itvention, a factepsethidleck spreadingicade)to
by which_each set.of two, o more. unif hlocks having the-same ; coteNt IS i g
multlplle§ represents an orthogonal code 25 sequence. Each unit block may

ihElude 2eequehtéCgénidrated By nititiglyifg afl cHiSs 6f arforthogeral cobell
sequencetbyrthe Samentactar (asfacter provitledn separately from thesblacke to

soreading gode) -Usipauthe blasicareading code makes possibie futher,

30 increase the maximum number-of code-division-multiplexed users. This
IT turr°miak@s i BGssibie to moté Seff et vely'pravent e amsmisstenmation
bandwidihfromCK) and a channel quality indicator (CQI) are

15 relatively small, it 1is difficult to greatly increase
the signal quality even if the transmission bandwidth of
the uplink control channel is frequently changed. Rather,
it is preferable to reduce the overhead by preventing
frequent changes of the transmission bandwidth and to

20 improve the signal quality by transmission power control.

According to an embodiment of the present
invention, a factor set (block spreading code) by which
each set of two or more unit Dblocks having the same
content 1s multiplied represents an orthogonal code

25 sequence. FEach unit Dblock may include a seqguence
generated by multiplying all chips of an orthogonal code
sequence by the same factor (a factor provided
separately from the block spreading code). Using the
block spreading code makes it possible to further

30 increase the maximum number of code-division-multiplexed
users. This in turn makes it ©possible to more
effectively prevent the transmission bandwidth from

being frequently changed due to the 1increase and



being frequently changed due to the increase and -14- decrease of the
number of multiplexed users. <I'lRST EMBODIMENT> FIG. 3 -s a block
diagram illustrating a user 5 device according to an embodiment of the
present invention. The user device showhin FIG. 3 includes a GQI
estimation unit 302, an ACK/NACK determining unit 304, a block modulation
pattern generating unit 306, a block modulation unit 308, a discrete Fourier
transfolas 10aawit (OFT)810 akeb-cdrrier hiapgingmit3EZ,san inverse fast
Fourier transform ,":nit (IFFT) 314, a cyclic prefix (GP) adding unit 316, a

multiplgggg%ogﬁei(ré%@gb%\%@transmssion circuit- 320, a power amp!_ifier

322,a du 4, a code :-nforrnation i_dent:-f-ication unit 330, 15 a
CAZAC code genefalting uniti332 acyadié shifeanr™334, ‘s bloek spréading ser
unt 335 @i ffrequencydetermining unih33@ndpiatsignal generating upit 338nt
and a .pilot configuration determining unit 340. The CQI estimation unit 302
oas s ik 30 Sha o candions 2nd Bt B heds e o °
a chaRRél qeafity"mtlicdtor {C1). Ther channd Gualify indiciteE isiobtatedn 1 t
for exarople, by measuringdhe ateception guality (suck astSiRoLSINK)IfE 2
pilot channl figsmiied ffom the base station and conveding 23 Me.aqe corm
measurement into a value accor Ing toa predletermlned rule. For exam e,

rheasutedrecéptioh qoality SFR) AHy HE torTErteddRt aCQvalue 314, an
indicating ene<of 32slevelsaand represented-by oriits. THeFACKINACK:. cyclic

determjping, ,nit, 304 detgrmines,, 30 V%H%t,heé”?ﬁf?é%ﬁ‘f‘e%{%i%%%cé‘h%%‘,e an

packets constituting a received downlink data channel and outputs the
determiifatiorffeslitoas aekriowiedgément’r & power amplifier 322, a

duplexer 324, a code information identification unit 330,
15 a CAZAC code generating unit 332, a cyclic shift unit
334, a block spreading unit 335, a frequency determining
unit 336, a pilot signal generating unit 338, and a
pilot configuration determining unit 340.
The CQI estimation unit 302 measures downlink
20 channel conditions and outputs the measurement as a
channel quality indicator (CQI). The channel quality
indicator is obtained, for example, by measuring the
reception quality (such as SIR or SINR) of a pilot
channel transmitted from the base station and converting
25 the measurement into a value according to a
predetermined rule. For example, measured reception
quality (SIR) may be converted 1nto a CQI wvalue
indicating one of 32 levels and represented by 5 bits.
The ACK/NACK determining unit 304 determines
30 whether there 1is an error 1in each of the packets
constituting a received downlink data channel and
outputs the determination result as acknowledgement

information. The acknowledgement information indicates



information. The acknowledgement information indicates either
acknowledgement (ACK) indicating that no error is found or negative
acknowledgement (NACK) indicating that an error is found. Since the
acknowledgement information indicates the presence or absence of an error
in a 5 received packet, it can be basically represented by one bit. However,
any number of bits may be used for the acknowledgement information. The
block mbdufationcatterhegasarating (it BB artanges thetéliannel grraligr 1s
indicatosand the 10acknowledgementidermation ALK NAGK) Bto-blegktnat
modulafion patiems, In (s emhodiment, 2 subframe Jadludes a , ¢, nation
predetermlnecf) humber of blockd and. plural sS3tbtrame consﬁtu]te a
transmigsibAAIME intetval PTEY clsed adra reseaitecall6c¢atién urfit: 1oFIG 1ais 2
a drawiag dlustiatipg & ET|, subframes.canshblogks. i thiscexamptes ©neyl Une
is 1.0 ms an%éqqcelg]%ers two subf@r%es Wi(g akljel%th 191f 0.5 ms. EggEh £ the
subframe includes six fongrb%ocrﬁsr% %ﬁ and two s ortabYoc]Es (§§). acﬁ]iong
block R&<AJERGHPERFE20 eXaniE 166.7 ps and each short block has a
length of, for example, 3813 us. Theselvalues aiejustexamples andi maydis «
changed as %%%%%%{e'ﬁor'@ﬁ@y ’ '8@919!8%‘(5 ale vsed to.fransmyt data (sych,
as a control channel and a data channel) unknown'to the receiving end an

dribrt BIGERS P50 traRsMTTHEtA{Buch Hs& pibEERannéf) thowR 16k
the reeeivingsencrin thetexample oftirlG.t4 i enechbdacluses,12 ong blotksme

(LBI thrgugh LB12),and.4 short plocks (SBLHrough-S13A) - pliergtively; o,

each subframe may include seven 30 long blocks. In this case, a reference

signal {piftt” Sihal) 16 déta- démodulatish {ite S & démbdiifation reférencd 1)

signalisamapped tooneiaicthesseverelongn unit.

15 FIG. 4 1is a drawing illustrating a TTI,
subframes, and blocks. In this example, one TTI is 1.0
ms and includes two subframes with a length of 0.5 ms.
Each subframe includes six 1long blocks (LB) and two
short blocks (SB). Each long block has a length of, for

20 example, 66.7 ups and each short block has a length of,
for example, 33.3 us. These values are just examples and
may be changed as needed. Normally, long blocks are used
to transmit data (such as a control channel and a data
channel) unknown to the receiving end and short blocks

25 are used to transmit data (such as a pilot channel)
known to the receiving end. In the example of FIG. 4,
one TTI includes 12 long blocks (LBl through LB12) and 4
short blocks (SB1 through SB4).

Alternatively, each subframe may include seven

30 long blocks. In this case, a reference signal (pilot
signal) for data demodulation (i.e., a demodulation
reference signal) 1is mapped to one of the seven 1long

blocks. Also, one or more of the seven long blocks other



blocks. Also, one or more of the seven long blocks other -16- than the long
block to which the demodulation reference signal is mapped are used to
transmit sounding reference signals (pilot signals) used for scheduling,

uplink transmission power control, and/bf determination of 5 transport

formats of physical uplink shared channels in AMC. Multiple sounding
reference signals from multiple mobile stations are multiplexed in a long

block Bbyreodé hdivisioromultiptéxing (DM Ir-this dageone TTercormpesed.ce

of two subframessinglidesi14 lang.blagks o The d0sdemodulationtgferensecnce
signal is mapped, ar. ex mple, to Ehes fourtrélgngfglrcmksar}ldt@oeleventh Iolnignk

block in'a@ TT1; The block moddlation pat?esrn generatingcunelt 6 determines

the cofrespeRdenée betweers bnerhore of 1BheCE2 bittkeLB1aLB2R) of
ard bits-tepsesenting-theschannel gualitydadicator {€Q1xandioy théannels in
cormespandenge hetween.ong gt more ot 14 blocks (LBL-LBLA and, . 1
SBI-SB2, or 4'lon bIocks? and bits representing t e’acknowle gement P
informAfiBA YACKIRATKY)S 207% user-dévicefidy trandmitBily e elfamel code
qualityd indieatof, only theackaondedgement informatinns or et ,of them viar:
an uplink %’%‘é%ll] chgnnel, Indh SfPg%%é%d'Tﬁ_’c‘i'u%seget?‘z}“Olnoﬁ‘get%oldoscﬁ? ANrhe
uplink control channel, non-coherent detection used for the 2

dcknoWrEiEmentinforhtatfort IRCKNALK) ahidtl dotdtent detéctisiirdsed t°
for infarmatiosuother thamnsthe 1 acknowledgerment infermati osiCohesert in a
detectiop;requires a pilot channel while non-coherent detection requires no

pilot channel. For this reason, there are cases where 30 (A) all 12 blocks are
allocated to the chartfel §U&IRY iARcEtsT () allPR-blotks 48 afGdated to* it

the 306 determines the correspondence between one or more of
15 the 12 blocks (LB1-LB12) and Dbits representing the
channel quality indicator (CQI) and/or the
correspondence between one or more of the 14 blocks
(LB1-LB12 and SB1-SB2, or 14 1long blocks) and bits
representing the acknowledgement information (ACK/NACK) .
20 A wuser device may transmit only the channel quality
indicator, only the acknowledgement information, or both
of them wvia an uplink control <channel. In this
embodiment, as detection methods for an uplink control
channel, non-coherent detection is used for the
25 acknowledgement information (ACK/NACK) and coherent
detection 1s used for information other than the
acknowledgement information. Coherent detection requires
a pilot channel while non-coherent detection requires no
pilot channel. For this reason, there are cases where
30 (A) all 12 Dblocks are allocated to the channel quality
indicator, (B) all 14 Dblocks are allocated to the
acknowledgement information, and (C) some of 12 blocks

are allocated to the channel quality indicator and the



acknowledgement :-nforrnation, and (C) some of* 12 blocks are allocated to
the channel quality indicator and the -1 7 rest of 12 blocks are allocated to

the acknowledgement information. In any case, according to the
correspondence between blocks and mﬂo%mation, one factor is provided for
each of the 12 blocks all 5 allocated to the channel quality indicator or
allocated to both of the channel quality indicator and the acknowledgement
informatién; srfonefaétoe s provideda tdrasadiedf the 141slockskalbaliecktedent
to the jacknawdedgement informatign. 10 Elge5 is a drawingilystrating  the
exempl factors b WhICh Ion block uItlplle In.FI |t |s
assumedly ]ﬁa?%n?y t%}ga acknowe gemesifﬁjt;il tj(n ormafio g(AdR}%ﬁl&?g
transnfit€& O this exarple dafl 14 factos are _qfﬁheﬁla%knb\?vle@dmbﬁt all
(A&K)A&ﬂ&d@p@ﬂed@nﬂwl 4 factens afeat1twhendegatve or allocated
acknowled em CK)isre orted actors.for SB1 thro h SB4 in FIG
5(A) z;érle a%o I\gr; gglknow gement?}i\%}lé)][”lg repolrg%eg or ---w dF the
negativé *ackhiGeeerient INACRY s féported. R&nothéerexansle I%OVlded
shownfiaF1Ge &(A), a combinatian of tacterss'+12and ‘z11isusedito to the

represgg%gggggg% grgggg ledgeme 1t)tl INACK). The above values of factors

are just examples.” Any values may be used as long as a combination of 14
faktors used for ackndwledyement anda TbMBinatioh ot 2855 Factdis tega r Y
for nedative-acknowledgementare different. Also, thel numbes ©f factors1c. 5

used tQrepresent the, acknayjedgement infoymation js, pot '%E%@&%&ég%'ﬁ%nt
any number of factors m l%/t<,l§1((e§us,ed For example, ACK/NACK may

representétf B§ ohefadtyr! %or%sllkéi-arlimi}é@dor (+1, T}lér r%?é“ple'

than twa factars.ind¢he simplest “1” when acknowledgement (ACK) 1is
15 reported and all 14 factors are “-1” when negative
acknowledgement (NACK) is reported. Factors for SB1
through SB4 in FIG. 5 (A) are also w17 when
acknowledgement (ACK) is reported or “-1” when negative

acknowledgement (NACK) is reported. In another example

20 shown in FIG. 5 (A), a combination of factors “+1” and
“-1” 1is used to represent negative acknowledgement
(NACK) . The above values of factors are just examples.

Any values may be used as long as a combination of 14
factors used for acknowledgement and a combination of 14
25 factors used for negative acknowledgement are different.
Also, the number of factors used to represent the
acknowledgement information is not limited to 14 and any
number of factors may be used. For example, ACK/NACK may
be represented by one factor, two factors like (+1, +1)
30 or (+1, -1), or more than two factors. In the simplest
case, ACK/NACK may be represented by one factor. However,
to improve the accuracy of determining ACK/NACK, it 1is

preferably represented by using phase shifts of multiple



case, ACK/NACK may be represented by one factor. However, to improve
the accuracy of determining ACK/NACK, itis preferably represented by

using phase shifts of multiple --. factors. Factors other than 1, e.g., complex
numbers, may also be used. Still, usmgll%lctors 1 makes it possible to
perform calculations by simple sign inversion and is therefore preferable
when multiplying 5 all chips of a CAZAC sequence by the same factor as
described tates..Whentthe hasetstatiormhmistakénly ¢dentifiesoACKe as NACKT s ,

it just gayses unpegessaryJgtransmission u%fﬁlga%gé&me usef deyices it
However |ft ebasef[ 10 statlo? mlstaken |den£fles NACK as ACK packet
necesgary for pack com805| i0n'Is not refransmitted to the user cPewce As?"

a resultndpatker 038 taySocEhrsr theuser dévicetomposes ajpddket bying
ineorrectly combiningmew packets, MH&&CGL@@OH&H@”W%& Bector as
reduce greatg/e%h}er fore ACKINACK is preferably represented by one or
more factors suc f ‘misidentification of NACK as ACK is prevented. In the

example shown in BI&"5 (Bt is°agsuntéd thaton) thé Thanhgl gtafif-+fies
indicator ('QY ivROktyansmitied.tin FGs 59 Bhram E€ds sepresentechby fiveion

bits angithe f'V%QE%@ret'é‘d'Eﬁéed bé’eQQ!jeQ%JeZ Q%Q’evgg"‘ Apd GQI5, 5

from the hlghest order bit to the lowest- order bit. One long block is
dssociated with afly dhe*sh the fivedits i 8therWofds,35he of factots GOPket
25 throughe €QIbyis assignedkioteacinpbthier 12 blocksn bt thistexample; eed to

higherzqrdey bit is ransputted a greater pumber of times than a lawegorder
bit in one TTI. That is, the highest-order bif CQ ]Fls assigned to four blocks,

CQI2|Eba?35|d%1%‘?jrtotﬂ?é’éﬁfock§°@@?§€f§ a packet by incorrectly

combining new packets, and the reception quality may be

15 reduced greatly. Therefore, ACK/NACK is ©preferably

represented by one or more factors such that
misidentification of NACK as ACK is prevented.

In the example shown in FIG. 5 (B), it 1is

assumed that only the channel quality indicator (CQI) is

20 transmitted. In FIG. 5 (B), a CQI is represented by five

bits and the five bits are indicated by CQI1, CQI2, CQI3,

CQI4, and CQI5 from the highest-order bit to the lowest-

order bit. One long block is associated with any one of

the five bits. In other words, one of factors CQI1l

25 through CQI5 is assigned to each of the 12 blocks. 1In

this example, a higher-order bit 1is transmitted a

greater number of times than a lower-order bit in one

TTI. That is, the highest-order bit CQI1 is assigned to

four blocks, CQI2 is assigned to three blocks, CQI3 1is

30 assigned to two blocks, CQI4 is assigned to two blocks,

and the lowest-order bit CQI5 is assigned to one block.

This method makes it possible to prevent a CQI wvalue

from being greatly changed even if an error occurs.



30 assigned to two blocks, CQI4 is assigned to two blocks, and the
lowest-order bit CQI5 is assigned to one block. This method makes it

possible to prevent a CQI value from being greatly changed even if an error
occurs. -19 n the example shown in FIG! %”(C), it is assumed that both the
acknowledgement information (ACK/NACK) and the channel quality indicator
(CQI) are transmitted from the same user in the same TTI. In this 5 example,
four blocks are alloéated f¢ thexagknicwledgement infératatio® (ACK/NACK) 1s

and thegemaining teight blecks,are allocateditadhe channeh quality, ipdigataron
(CQI). Ev both the acknowledgement_information (ACK/N nd

PR e e A b v e R LR CHLE e M
metho#3 Bhowr- RAFIG. B (A and (Brmag e usedtitenuifiple TS arén this

availableaMse whengfarexample,cx user raeves fromi thescenter ofta cell tohe

the edge, of the cell and the, channel quality b eslower, the user nay. .
Know. L zjg? 9
stop 5 tFanns%vlsgf% of C Igrl]dot%nr?sﬁﬁ%nl(y %AC&K.a 'Pypes I

informatieh to beltrarismitietPviashl apliieeontt6l chafinelthay belchanhged ty
as needefl and seported by.uppete dlayemsignabngnhT hus,.cheblinckmedujation
pattern ting 20 uni FI erates factor far each of

blocks a §I é“%a]%ﬁ&%o é%? %ﬁggﬁcgl)ql?aﬁy%% icgt%?%%ggllc?%:%%g&%g t?%){?]dgf ?[ar?%or

difannéFgdality ifdidatdr ahd = ficladdidiviédGem@REinforPratiorf th offersown
wordspther block inodulation patterngsnesatings udit 306 generates 26112 are

factors, (first through telfth fagtars) indotal for_ each -Ti. In another case. the, .

block modulation pattern generating unit 306 generates one factor for each
of 14 blbcks &l diibcated fo thedcknBwiedgemeént infdrmatipn cett and the

channel quality Dbecomes lower, the user may stop
15 transmission of CQI and transmit only ACK/NACK. Types of
information to be transmitted via an uplink control
channel may be changed as needed and reported by upper-
layer signaling.
Thus, the block modulation pattern generating
20 unit 306 of FIG. 3 generates one factor for each of 12
blocks all allocated to the channel quality indicator or
allocated to both of the channel quality indicator and
the acknowledgement information. In other words, the
block modulation pattern generating unit 306 generates
25 12 factors (first through twelfth factors) in total for
each TTI. In another case, the block modulation pattern
generating unit 306 generates one factor for each of 14
blocks all allocated to the acknowledgement information,
and generates 14 factors (first through fourteenth
30 factors) in total for each TTI.
The block modulation wunit 308 of FIG. 3
generates the first long block by multiplying all chips

of a CAZAC sequence (the sequence length may correspond



and generates 14 factors (f_rst through fourteenth 30 factors) in total for

each TTI. The block modulation unit 308 of FIG. 3 generates the first long
block by multiplying all chips of a CAZAC sequence (the sequence length

may correspond -20- to one long block)%%‘signed to the user device by a first
factor, and generates the second long block by multiplying all chips of the
same CAZAC sequence by a second factor. The block modulation unit 308
generdtes Sithe rernainiRdgderig blaeks imasintifar iahnersand dsereby by a

generatesan infermatipn sequensadobe- dransmitted dnone TdhqThe1ock by
CAZAC uence commonly.used for all blocks is an,orthqgonal code
oot e 16 0 (bl Sovich Ao s dERRUA S Caer 16 @
deviceSinahesehfg ¢ell. CharabteristicsefeAZAC codestare Hesersedates
later. The disesetei houder trapsforpuuait §OFT) 310 perfermsrdisgegieer and
Fourieglrapsbormation to trans.form time-%omain information into

. tes. T . t b
frequency-domain “15 information. The stib-carrier mapping Unit 312~~~

f

0
perforimsa fregtie At domaiRSmappingT Partietiafly, SARER freguepepodivisior e d
multipmmga(FDmﬂiS@mplmye@m muﬂipcb@@rmmltipted@s%_@l@y&ese thﬁssigned
sub-cayier,mapping unit314 20 maps sjanals tp freqyendies determined by,
the frequency determining unit 336. In this embodiment, two types of FDM

dchenfteVarefused: I6¢HlizetPEDM andFaistributetP EBM-E Tt focafizedPEDNAZAC
frequency oandrthatiéssceansecutiver on.the frequency axis allocated to each

user. In 25 distributed FDM, a downlink signal is generated such thabity) 5qg
includes multiple intermittent frequency components distributed across a
VWdefﬁﬁﬁ@ﬁgv%aﬁBscrete Fourier transformation to transform

time-domain information into frequency-domain
15 information.

The sub-carrier mapping unit 312 performs
frequency-domain mapping. Particularly, when frequency
division multiplexing (FDM) 1is employed to multiplex
multiple user devices, the sub-carrier mapping unit 312

20 maps signals to frequencies determined by the frequency
determining unit 336. In this embodiment, two types of
FDM schemes are used: localized FDM and distributed FDM.
In localized FDM, a frequency band that is consecutive
on the frequency axis 1is allocated to each user. 1In

25 distributed FDM, a downlink signal 1is generated such
that it includes multiple intermittent frequency
components distributed across a wide frequency Dband
(across the frequency band Fgre, dedicated for wuplink
control channels).

30 The inverse fast Fourier transform unit (IFFT)
314 performs inverse Fourier transformation to transform
a frequency-domain signal back into a time-domain signal.

The cyclic prefix (CP) adding unit 316



(across the frequency band FRB2 dedicated for uplink control channels) 30
The inverse fast. Fourier transform unit (IFFT) 314 performs inverse Fourier
tr_ans"ormation to transform a frequency-domain signal back into a
time-domain signal. The cyclic prefix (C%}adding unit 316 -21- attaches a
cyclic prefix (CP) to information to be transmitted. The cyclic prefix (CP)
functions as a guard interval for absorbing the multipath propagation delay
and thetdiffefegce between recepticit timingSof user °,isignalsadtithe bdse be
statictn)ne J;hesm%&tﬂ@axinmﬁmitc%;a m:j{lgi@@mﬁ a @i?(;an @@lhg%além én@?a@r@gaa:d
combination of a channel, quality indicator and acknowledgement information
it 2 GVt and B oby ot Red Ha R iehort TP Rbole TR 2
pilot cRashelFisetrafsifitted uSihg e sttt bIGERP(SBT, SBY) shdwvn f theser
frame eopfiguration oh&lGa4eTheacknowledgement information is not
multiplexed with a p}i!loet Ch?n%rlecl" TTSXRF tranlsjmilstsi_o%cii%cuit I%’ag%per arm

)
L 1in exXesS a
15 digital-to-analog conversmnﬁ'?equenc%/ conversion, and ban liitation on

the trafi8fiissibn Symboly to-franSmito theth of &£LRItG Trettehcy fTe poR@RSL
amplifier 322:adjustsithet transmission powerof dhe transniissioatsydnbels: 80 a

The dyplexer 324 properly separates frangmjssion signals and received (o ;
signals to achieve concurrent communlcatlons. e coae I|nformat|on.
identifieafibA tihit 330<identifies codeittormation iRERIIHY & CAZAES1ng  the

sequente r25 sequence Rmberk assignedrio the tiser dexice, accyeligshift i on

amou%tffor %CAZAC S@ngng%’k%%%ﬂnggﬁggQ information 1is not
multiplexed with a pilot channel.

The RF transmission circuit 320 performs

15 digital-to-analog conversion, frequency conversion, and
band limitation on the transmission symbols to transmit
them on a radio frequency.

The power amplifier 322 adjusts the
transmission power of the transmission symbols.

20 The duplexer 324 properly separates
transmission signals and received signals to achieve
concurrent communications.

The code information identification wunit 330
identifies code information including a CAZAC sequence

25 (sequence number) assigned to the user device, a cyclic
shift amount for the CAZAC sequence, and information
regarding a transmission band. The code information may
be obtained from broadcast information in a broadcast
channel or may be reported separately to each user

30 device from the base station. For example, an upper-
layer signaling channel such as an L3 control channel
may be used to report the code information separately to

each user. The code information identification unit 330



regarding a transmission band. The code information may be obtained from
broadcast information in a broadcast channel or may be reported separately
to each user 30 device from the base station. For example, an upper- layer
signaling channel such as an L3 contral“chiannel may be used to report the
code inf_ormat.ion separately to each user. The code information

identification unit 330 -22- also identifies an orthogonal code sequence used
as a faetwp setiock spreading evtexstruehce)Piby whthvgaute setseftweor 2
more bloeks is ruHtiplieds JheLALAG 6gde generating-uakt 332 ,generateseacn
5 CAZ'sA‘QcSS uence bgsed on }? e sequence Qgrg]lbe{ 8 %cified by the code
information_The cycﬁc shift tnit 332 cycjﬁcaﬁly reorders the CAZAC

sequence accordinghé thé €yElicsHift ANDERE spetifiet by thelcsggerates a
information @nskiheselky: geaeries nl 0 adi sef, ent codencharagtetsticsaf by
CAZA ceodceos %rei(rj1 OcrrIinbaeCdiObrgalow. In FIG. 6, a CAZAC code A has a code
length L. For aescrlptlve purposes, it is assumed that the code 15 length
corresponds to the thfatiorrofC sdmpfds oL Ehips? HeWelerathisy reorders
assumgtionas not essential der thec present invention. AYCAZACsead® Bamount

shown_in ¢ r.half.of Fl S rated.by moying A les erates
(indicatgg %r?a(l\étlghiﬁg) ﬁ??:?ud?r?gg thegffrﬁp%éggﬁgﬁbt%x% ggrﬁ%%)%at he endt

dfthe EAZAECTHE"AT69Re head of the CAZAC code A. In this case, with
respect to A =0 throughat:Br the CAZAL cades?A and B:=become arthoganal d
to eacp other. That is, a base CAZAC code and a CAZAC code generated

by cyclically shiftingIthe base CAZAC 25 code become orthogonal to each
other. Therefore, n FIG. 6, a CAZAC code A has a code length L.

For descriptive purposes, it 1is assumed that the code
15 length corresponds to the duration of L samples or L
chips. However, this assumption is not essential for the
present invention. A CAZAC code B shown in the lower
half of FIG. 6 1is generated by moving A samples
(indicated by hatching) including the sample (the L-th
20 sample) at the end of the CAZAC code A to the head of
the CAZAC code A. In this case, with respect to A =0
through (L-1), the CAZAC codes A and B become orthogonal
to each other. That is, a base CAZAC code and a CAZAC
code generated by cyclically shifting the base CAZAC
25 code become orthogonal to each other. Therefore,
theoretically, when one CAZAC code with a code length L
is given, it is possible to generate a group of L CAZAC
codes that are orthogonal to each other. The CAZAC code
A and a CAZAC <code C that cannot be obtained by
30 cyclically shifting the CAZAC code A are not orthogonal
to each other. Still, however, the cross-correlation
level between the CAZAC code A and the CAZAC code C is

far smaller than a cross-correlation level between the



theoretically, when one CAZAC code with a code length L is given, it is
possible to generate a group of L CAZAC codes that are orthogonal to each
other. The CAZAC code A and a CAZAC code C that cannot be obtained by
30 cyclically shifting the CAZAC code A%re not orthogonal to each other.

Still, however, the cross-correlation level between the CAZAC code A and

the CAZAC code C is far smaller than a cross-correlation level between the
-23- CAZAC codéA anderandom ¢odethatistictta CAZAC codel 2AC code.

Therefore rusipgCAZAL codes iz also prefierable to reduse theeferable  to
cross-cogslation level interferencellg\ﬁellgjnbe#vevggg nggiotrth onal cod

S.5
In this em u&%m%}ﬁ?, a CAZAC tode selected from a roupeg AZRE cgceféfse Y
(a grofis of eedesetURNERSIGEAEIAtEH DY -Cyclically shifting a CAZAC code)
having the above described chasaetetisties issassigned (o @achcusesdeviee.on
More s ecificallg/t;tig%his %r?ggdirgg téslo f?crinor(lggI L ortho%onal %odes L/Lo

ou ou O seguences

CAZAC codes alnedcby cyclically shifting a basé CAZAC code by A -n X
LL (n=0°ne1yHghre dctGalfy tséd 8% piot-éhdnrielsiof Midhife statitns. Bt ve 9
a v_alumd@t@rmimed based mmecameeﬁﬁtuiﬁgoam pEopagation dﬁi_aﬁach
This agerach, 4, makes,Lpassible. (o properly,maintgin ihe arthaganaliye.,.
between uplink control channels fransmitted from respective user devices
even (SR HﬂuIﬂﬁéﬂ*\o%?Bﬁégﬁ%ﬁeénvir%ﬁherﬁ?‘%?ail%‘%ﬂ@AZ’&éach%% by
are deseribech forexample; i the tollowing doacuments:ly. Qi 20 Ghu,, (n=0,
"Polyphase codeswith good petiodic courelaian, pronerties . JEER TiaNs. o
Inform. Theory, vol. 1T-18, pp.531-532, July 1972; and 3GPP, R1-050822,

Texas™H3trimetite R atlodatiohPofuphiAk Stib-ChaRBI R ERARA on the
SC-FDMAUnt of multipath propagation delay. This approach

15 makes it possible to properly maintain the orthogonality
between uplink control channels transmitted from
respective user devices even under a multipath
propagation environment. Details of CAZAC codes are
described, for example, in the following documents: D. C.

20 Chu, “Polyphase codes with good periodic correlation
properties”, IEEE Trans. Inform. Theory, wvol. 1IT-18,
pp.531-532, July 1972; and 3GPP, R1-050822, Texas
Instruments, “On allocation of uplink sub-channels in
EUTRA SC-FDMA".

25 The Dblock spreading wunit 335 generates a
factor set (block spreading code) including a
predetermined number of factors used to multiply
respective long blocks (LB). The block spreading code is
an orthogonal code sequence specified by information

30 sent from the code information identification unit 330.

FIG. 7 shows subframes of a first user device
UE1l and a second user device UE2 before they are

multiplied by Dblock spreading codes. The first and



25 The block spreading unit 335 generates a factor set (block spreading

code) including a predetermined number of actors used to multiply

respective long blocks (LB). The block spreading code is an orthogonal code
sequence specified by information 30 sent- from the code information
identification unit 330. FIG. 7 shows subframes of a first user device UE1

and a second user device UE2 before they are multiplied by block spreading
codessFhe fifstiafd - 26 Setonduiser devicesgngs € e SamedCAZAC (CAZACL) ,

sequepge (CAZAGH £ Aut lise different.cyclic shift-amaunts it Therefare riye
subframes ‘?JJE%PSI%Qe‘éige%?eco@gror%‘ovg?@g'sto%eécrﬂeome{ MEG.{ o
"Mod.a" indicates data for mogulelftlng the first long IOCK Of tﬁefflrs user
deviceeUSH, i.etefactortfor Mdfiplyifg thé fiest1eng bloek cened.a thrcugt or
"Mod.incotrespond terfistthreugh sixthfastors {er seventhtbrougheeightvice
factor r the first user device UEI. "Mod.u" through "Mod.z" 10 correspond
to firstst%ﬁfr?dug]h'seikfh f&ac%rcgir%eﬁ(%]rf sg\eénﬁplu‘%r%r%%fg e htthhfeac%&rjéﬁorcltﬁrég Bk

second{Rer Hevide OEZTFIG B Shows &R exafité Wwhére lohgHidcks BF fHeoh
first usersdeviceddkbanrd thersecenduser devica dHE2e ase tultiplieddysbloclo r
spreading copes, |n this examplg, 45 opg factor{sapgiatel rampodulaien,
data) is prowdled for each one of a pair of ﬁ)ng blocks. The factors constitute
d Block Spréading tode (BLSE): AEWinséééﬁ areaSutfsunded byaenth
dotteddinecindhl Ge i8;raih ofthogonal code (1ha) issprovided éor thewfirstuser .

20 device UEI and an orthogapal code (1,1 is provided fonthe second,user, ¢

device UE2. As described in the first embodiment, as long as one or more
long bidtks ar& Smuttisiied by tHe sifne fattor (Valua§ e ortisgoriity ¢ UE?

are multiplied by block spreading codes. In this example,
15 one factor (separately from modulation data) is provided
for each one of a pair of long blocks. The factors
constitute a block spreading code (BLSC). As shown in
each area surrounded by a dotted line in FIG. 8, an
orthogonal code (1, 1) 1is provided for the first user
20 device UEl and an orthogonal code (1, -1) is provided
for the second user device UE2. As described in the
first embodiment, as long as one or more long blocks are
multiplied by the same factor (value), the orthogonality
of the CAZAC code forming the long blocks is not lost.
25 Therefore, when factor sets used to multiply sets of two
or more Dblocks of respective users are orthogonal to
each other, the orthogonality of CAZAC codes is
maintained and the wusers are orthogonalized. 1In this
case, the contents of two or more blocks to Dbe
30 multiplied by one orthogonal code must be the same. In
the example of FIG. 8, both of the first and second
factors of the first user device UEl are “Mod.a”, both

of the third and fourth factors are “Mod.b”, and both of



of the CAZAC code forming the long blocks is not lost. 25 Therefore, when
factor sets used to multiply sets of two or more blocks of respective users

are orthogonal to each other, the orthogionallty of CAZAC codes is

maintained and the users are orthogonz ized. In this case, the contents of

two or more blocks to be 30 multiplied by one orthogonal code most be the
same. In the example of FIG. 8, both of the first and second factors of the
first userdevide- UEINgres"'Méd. af Asdthr of theethiteand fourth facterslare Poth

"Mod.lp's and, both of 525- thefiftbanchsixth factors; are fMad.s". SHEMJJV, user

both o theflrst second ctors,of the second user d |c
"Mod.x" %ofh of thlrdS and fouith fac orz%areog\/l Edﬁ %Yl oth ogthe ?Hﬁth

and sn‘@tﬁ%%ﬁoref&?e “Wed.zr Forahis réasen, ﬁﬁorﬁiﬁmﬁ that cailBe sixth
represented by the-firstthvaugh twelfth factors maysbe Jimiteddersomen that

extent Ho ver, since the number ,of bits requir to represent informati
such as %\\gbf/NrAé) TS ?eeétlégll)h/) mta asj? es(?]cgrlb%edr Wltﬁ%efereert%c?et (;T%T%(%rs
5, thisTimitatonlddes A6t CRUSEASEPBLS  proBIeMt Sikce fH first Epg number

second tisep devicesddinl rand U2 casde-distinguished hyathedblockuch as

Sprea%E%]/ﬁ%%%s éjg hand (1, (}» th%éﬁ@%gy%!%s%ﬁéﬁ AMopnt 15 may.be, .
used for the user devices UEI and UE2 to cyclically s ift the CAZAC code

2., itis ndt' Essential t6 ise diffdténtcytlic ShiftSanitiints A }S AltHougRTeny S
blockspareanettiplied by factors in this embodiment, short blocks (SB) may

also be multiplied by; 20 factars. Ehys,using;black spreading.codesines ue1
addltlon to %/cllcally shifting a CAZAC code makes it gossm eto
can be distinguished by the block spreading

codes (1, 1) and (1, -1), the same cyclic shift amount
15 may be used for the user devices UEl and UE2 to

cyclically shift the CAZAC code (i.e., it 1s not

essential to use different cyclic shift amounts A ).

Although long blocks are multiplied by factors in this

embodiment, short blocks (SB) may also be multiplied by
20 factors.

Thus, using block spreading codes in addition
to cyclically shifting a CAZAC code makes it possible to
increase the number of users that can be orthogonally
multiplexed by codes. Also, since this method increases

25 the number of users that can be multiplexed by CDM, it
is possible to more effectively prevent frequent changes
of the transmission bandwidth caused by FDM in a case
where both CDM and FDM are employed. In other words,
this method makes it possible to reduce the frequency of

30 reporting changes in the bandwidth and thereby makes it
possible to greatly reduce the amount of radio resources
necessary for the reporting.

The frequency determining unit 336 of FIG. 3



increase the number of users that can be orthogonally multiplexed by codes.
Also, since this method increases 25 the number of users that can be
multiplexed by CDM, it is possible to more effectively prevent frequent
changes of the transmission bandwidti*®used by FDM in a case where

both CDM and FDM are employed. In other words, this method makes it
possible to reduce the frequency of 30 reporting changes in the bandwidth

and thérdlsyr miakes it fpessiblectocgredtly réduce e armpuntofpadiol ve user

resourges i pecessapnforthegeperingaThe frequency deteraining uniti3s of s
FIG. 3 -26- deteo[migglg frgguencies -0 be us§d %ﬁesrﬂgctive user, devices

when ﬁgﬁﬁgﬁgy division mu?_trlﬁréliiﬁsg (ﬁrbM? IS e pjroyed ?c())rntransmisc,':ﬁ%rrll 0 Ls

uplink E6Atrol BRatREls fort BfSuser devices. 5 The pilot signal generating
urgt 338 generates T&@”@'[iqmnﬂﬁﬂﬁﬁ.él? i@_@wﬁéjtimraﬁ ulalin.k g_@rstr@lenerates
channel that |leud S ‘%r?ehf‘nnc% q%%lltyilnghc%%ﬁor a comblnat%%nn fa 1

) ; t
channel q%éﬁty indicator and acknowleélgement information. T pi ot%?élnao

generatifg 10-unit’338 doEsLHEE Yeneratealilot ERanndlforas tpftR:r ©r 2
controtehanneldneluding acknowledgemert infaymationy Asidesctibedr  and

above, ine pilgtehannel s yansmjted Ysing the short blacks (5B, SBL g
shown in the frame configuration of FIG. 4. The plf(L)t channél is also made .
18 of ¥ TRZAC tode assigied 0 e iSerdévice " THE TAZACT ebdeTorthe ¥

pilot channeldnaycalsarbel identifieddhya segueseedqimbenandia cyelicashiftn .

amount, Geperally,a jong,plock (Lk).ang & shorthlogk ($B);have different . 4
lengths, periods, or numbers of chips. Therefore, a 20 CAZAC code CL for

the lortybISEk () ahidPd EAZATS £8de'ER for theShoftBieck (SB) My berame

generatedfseparatelpn of FIG. 4. The pilot channel is also made
15 of a CAZAC code assigned to the user device. The CAZAC
code for the pilot channel may also be identified by a
sequence number and a cyclic shift amount. Generally, a
long block (LB) and a short block (SB) have different
lengths, periods, or numbers of chips. Therefore, a
20 CAZAC code Cp for the long block (LB) and a CAZAC code Cg
for the short block (SB) may be generated separately.
Still, since both of the CAZAC codes C; and Cs are used
for the same user device, the CAZAC codes C; and Cs may
be related to each other (for example, the CAZAC code Cg
25 may be made of a part of the CAZAC code Cp).

FIG. 9 shows a base station according to an
embodiment of the present invention. The base station
shown in FIG. 9 includes a duplexer 702, an RF reception
circuit 704, a reception timing estimation unit 706, a

30 fast Fourier transform unit (FFT) 708, a channel
estimation unit 710, a sub-carrier demapping unit 712, a
frequency domain equalization wunit 714, an 1inverse

discrete Fourier transform unit (IDFT) 716, a



Still, since both of the CAZAC codes CT, and C are used for the same user
device, the CAZAC codes CT and C, may be related to each other (for
example, the CAZAC code C, 25 may be made of a part of the CAZAC code
CL). FIG. 9 shows a base station accorcﬁﬁg to an embodiment of the present
invention. The base station shown in FIG. 9 includes a dupl-exer_ 702, an

RF reception circuit 704, a reception timing estimation unit 706, 30 fast
Fourieftrapdforat bipit (FFT) 7088 a chanmiel astimatiorPonit 710 alsubréarrie? 0
demapping keitui2; & frequeneydaraain qmma&iemdmits%%l%iny@ﬁe 724.
discrete Fourier tra ﬁform l;gz‘béIPFT 716 %527 demodulation unit 718 . 8 s
retransmission con rof unit ascﬁeduler 2, and a code’information
setting-tiRit 7245 Therduglexer 762 @r@éerﬁﬁ%@es StraRsShissioR sigralseve
ard re@eivceﬂr&ilﬁalsd@fraﬁfﬂ&\t%ti6ﬁacurrent communications. The AF

reception circuit 70%é)erflg§ms an tO dlgltal conv ?4 n fr%%uency
C analog-
conversion, and ban |ImltatI0n 0 recelve sym O|S

procesfémgilvﬁé?éceﬁfi’@ﬂ finfing estimatich 8RR Y06 LY Béferfilnesard  band
receptionmntiming based orea synehrafyzation channeh eeapilot chanaekinma .

received signal. The,fast Fmgge}g %%sfor@ Mn}%FFDSZQ%aQe_\[g%rm%Fggrle 706

tr_ans-ormati_on to transform time icanain information into

f@queﬁ%(j%?ﬁ&i%%n?orﬁ%ﬁﬁﬁt. 18T e BhAAnEPSStin&fforf ufit 7TA 0 stindateson
uplink channel conditiops basedramthel reicepiionequdlity dofsaryuplink pilot

channel and outputs,jformation for, channel,compensation, the C?%E‘E“?' 708

estimation unit 710 determines the content of a signal based on the 2
receptSIT MY ahd i the sigrannERR3 oy the transform tlme domain

information into frequency-domain information.

15 The channel estimation wunit 710 estimates
uplink channel conditions based on the reception quality
of an uplink pilot channel and outputs information for
channel compensation. The channel estimation unit 710
determines the content of a signal Dbased on the

20 reception timing and if the signal includes only the
acknowledgement information, turns off the function for
channel estimation.

The sub-carrier demapping unit 712 performs
frequency domain demapping. This demapping process 1is

25 performed according to frequency domain mapping
performed by the user device.

The frequency domain equalization wunit 714
equalizes the received signal based on the channel
estimation result.

30 The inverse discrete Fourier transform unit
(IDFT) 716 performs inverse discrete Fourier
transformation to transform a frequency-domain signal

back into a time-domain signal.



acknowledgement information, turns off the function for channel estimation.
The sub-carrier demapping unit 712 performs frequency domain demapping.
This demapping process is 25 performed according to frequency domain
mapping performed by the user device“Fre frequency domain equalization
unit 714 equalizes the received signal based on the channel estimation
result. 30 The inverse discrete Fourier transform unit (1DFT) 71.6 performs
inverse discrete Folfier teEsfotmaticrto transform’a freqdenegidontain  the
zignaldrfé@féﬁl inte a ng@maimlsignaﬁsz%mﬂ&fge@mdﬁlagh@@ uaai&;&;lation
emodulates the received signal. In this embodiment, the demodulation unit
718 QoIS art SO B! CHAnGE Ak ouiB LS S oWk Snd
qualityoindicatsr (CQI)B and/ot ackrbieddemeaneihidrmatici (AEKINACKICT)
fos a dewnlyik datekehannelgEheretransmission control unik /Z20prepares-a a
new p%cléqetlolr&re(:jt%%snghsasri%n Eacket according to the content of the
acknow?ec?gement information (ACK/NACK). 10 The scheduler 722
determines downlink e sbafce bifbtafion based diPthe’downlil cRafmelres @
qualitynéndieatok EEQHand otker-eriterias ¥ herscheduler 722 calsaideiermines.e
uplink resquree allocafion based qn r&&ﬁ@H?ﬂﬂ%’P&%QE%%‘ CJL?&P CK) .
transmitted from 15 user devices and other criteria. The scheduler 722
ditputs the allocatioh TesteLas seheddiing’ mfGriatisT FRESEhRGUfifgource
information dacludes frequencies;rtime; hand tlangpadrnt formats (data quality

modulatian schemes @nd) channel.coding rateslio be used forsignal o 725
transmission,
also determines wuplink resource allocation Dbased on
reception quality of pilot channels transmitted from
15 user devices and other criteria. The scheduler 722
outputs the allocation results as scheduling information.
The scheduling information includes frequencies, time,
and transport formats (data modulation schemes and
channel coding rates) to be used for signal transmission,
20 The code information setting unit 724, based
on the scheduling information, generates code
information including sequence numbers indicating CAZAC
codes, cyclic shift amounts, allocated frequency bands,
and information indicating block spreading codes used in
25 uplink by wuser devices. The code information may be
reported collectively to user devices via a broadcast
channel or may be reported separately to respective user
devices. When the code information is reported via a
broadcast channel, it 1s necessary to configure the
30 broadcast information such that each user device can
uniquely identify code information for itself.
The base station of this embodiment uses non-

coherent detection for the acknowledgement information



20 The code information setting unit 724, based on the scheduling
information, generates code information including sequence numbers
indicating CAZAC codes, cyclic shift amounts, allocated frequency bands,
and information indicating block spreacﬁ?@‘codes used in 25 uplink by user
devices. The code information may be reported collectively to user devices
via a broadcast channel or may be reported separately to respective user
devicesAWWHER e code information is reported via a broadcast channel, it is

necessary to configuie the-30 hiegdcast infgipation sucirthat eacieuseration
device can un quely identify code information for itself. The base. station of .
s ontBainen e o e dattchon Tor (8 SCkABIbALB ey ¥t
informafiéR 29 ACKINALTK). AR -exBafplassconfigurativn of& basé statiop? se
using neatcoherentdetectiomis deseribed belew withr refererce i FKBoWR. in
Needl to say, an actual base 5 station may include both of the
oo e o e o ot FidS1 10
includés aldifiéxer 70L HrRF réeptich cifcuit 7F04Pa reeeptidir tirding 04, 2
estimationainit €06, aifash Fousier i transtorm wnit{ FFT)6/08aa sub-carfetrier
demanpigg U0 Tha.an inyeise discrete Fouier ANSIomULARED uni ¢
716, an ACK/NACK correlation measuring unit 726, a noise power”
edti_maton Uit 7287 aherarfAEKINATIKE Getetmining 0t 730, THe uplékér)
702 properly sepacatesat’ transmeissioncsignalssand received signals to noise

achievs sopowtentcammunigations Jihe B JeqeptonCieusy O4RIAH ng

analog- to-digltal conversion, frequency conversion, and band
unit 730.

The duplexer 702 properly separates
15 transmission signals and received signals to achieve
concurrent communications.

The RF reception circuit 704 performs analog-
to-digital conversion, frequency conversion, and band
limitation on received symbols for baseband processing.

20 The reception timing estimation unit 706
determines a reception timing based on a synchronization
channel in a received signal.

The fast Fourier transform unit (FFT) 708
performs Fourier transformation to transform time-domain

25 information into frequency-domain information.

The sub-carrier demapping unit 712 performs
frequency-domain demapping. This demapping process 1is
performed according to the frequency domain mapping
performed by the user device.

30 The inverse discrete Fourier transform unit
(IDFT) 716 performs inverse discrete Fourier
transformation to transform a frequency-domain signal

back into a time-domain signal.



limitation on received symbols for baseband processing. 20 The reception
timing estimation unit 706 determines a reception timing based on a
synchronization channel in a received signal. The fast Fourier transform unit
(FFT) 708 performs Fourier transforméﬁgﬁ to transform time-domain 25
information into frequency-domain information. The sub-carrier demapping

unit 712 performs f_r_equency-domain demapping. This demapping process
is performed according to thefreglency démaitrinapping fperformetdds\sthé or

user devicgo3Dcthe inverse discretechouriartransadm waik ((DRI) 7d6herent
perforrgs inv%rse discrete FPurier tr nsf rmati.qon té) transform
tection 1S S.. ed wlit

frequency-domain S|gn§fn%a8%?r?tola time-domain slgna.-gf):f ext ¢ ° FIG.

exemplary allocation of resources for acknowledgement information in a case
wbere non-coherent ndetegction is emplayed s deseribed with seferenrce to that
FIG. 11..3 In this example, it ﬁfls\?.g@elgstpat rgulgﬂecme%S chlev%qegglng_S

cyclic glﬁl%?ﬁﬁ mbers 0-5 and block spreadlrﬁl code numbers 0-6. In this case,

one ofthdgenaltessirridientirstPby a3ehé shift nuRtbertand &bfsok one
spreadingcoglenaumbessthe eyclie 40 shiftniimbers Os2 are assjgnedtoshift

acknoy er[“e%éA%K)b%% fhe féig&mfgn%f?lgglrns RELe ?S%%%edcé%lic

negative acknowledgement (NACK). In FIG. 11 icates that user #

ddes a>hésbureengertificd By thecyehie SHife Aumber B e A5 6ibEK (ACK)
spreading cotdeenumben Qdo tranismit ACkKncsinilarly; 62) iadicatess thajruser to

#0 uqu%e%£%§%rcgd'ggg@fi%qiggmg}gccy@miﬁ number 3 and the block

spreading code o
In FIG. 11, (1) indicates that user #0 uses a

resource identified by the cyclic shift number 0 and the
15 block spreading code number 0 to transmit ACK. Similarly,
(2) indicates that user #0 uses a resource identified by
the cyclic shift number 3 and the block spreading code
number 0 to transmit NACK.
Meanwhile, (3) and (4) indicate resources
20 commonly used for all users to estimate a noise power
level (resources that are not used by users for signal
transmission) which is used as a reference power level
when determining the power level of ACK/NACK.
When the power level of ACK/NACK is determined
25 based on other criteria as described later (e.g., when
the noise power level 1is estimated using a different
method), resources (3) and (4) are not used for this
purpose and may be used for transmission of ACK/NACK
from user #20.
30 The noise power estimation unit 728 estimates
a noise power level used as a reference power level in
determining the power level of ACK/NACK based on an

input CAZAC sequence number, cyclic shift number, and/or



number 0 to transmit NACK. Meanwhile, (3) and (4) indicate resources 20
commonly used for all users to estimate a noise power level ('resources that
are not used by users for signal transmission) which ,s used as a reference
power level when determining the povv‘érll‘evel of ACK/NACK. When the

power level of ACK/NACK is determined 25 based on other criteria as
described later (e.g., when the noise power level is estimated using a
differeht Ta&thedy, vesourtes (Rcand (@) are netndsedforttis purposetamhted

may bedised feriransmisaion ebACKINAGK frem user #20: 30ntheingise 730 .
powerﬁeos}im%'[}i{on u['iet 72%8%@9{%3 aggis%ggwer level (s)%qr?s aergifeerge ce
power level in %Ié‘?errﬁining e pow%r I6vel 6F ACK/NACR based onan n?ptft Y
CAZAE Setfiience numbere egeliccshift Ftimbet and/o? 3 erBlotk Speadington
cade number-apd inpuisdhe estimated cneise power level te then AGKINACKhe
determiping.unit 729. Farexamele feferring ip FIG. 11 showing exemelary, o,
allocation of resources for acaknovﬂeéllgement information 5 in a case where
non-catietent detettionfis eniifloged cthel ABlseipower Bstimatiof Umiti2ghift
measuresidbe coreelatiamparercevebeta desourceddentitied by dhe cyclic

shift. number 2 and,fne b%’&%ﬁ&(@%‘jir&%%%%‘%'{‘%?ﬁr 8108 AGK/NAGK 796

correlation measuring unit 726 10 measures correlation power levels of

reSourtes HsESto CPaRshit ACR/NKRER hased Drfinpit CAZAE  s6Guented o
numbersarcyelie shifkrumbers,sandiopblockspreadingcaodeyntimbkensyandrs,

inputs the. measuied correlationnawer levels 1o tha ACKINACK detarmining.,

unit 730. 15 For example, referring to FIG. 11 showing exemplar¥ allocation
of resGUrEBS Tor ackiibwledfBitight the measured” correlation  power
levels to the ACK/NACK determining unit 730.

15 For example, referring to FIG. 11 showing
exemplary allocation of resources for acknowledgement
information in a case where non-coherent detection 1is
employed, the ACK/NACK correlation measuring unit 726
measures the correlation power levels of a resource

20 identified by the cyclic shift number 0 and the block
spreading code number 0 and a resource identified by the
cyclic shift number 3 and the Dblock spreading code
number O.

The ACK/NACK determining unit 730 compares the

25 correlation power levels with the estimated noise power
level (reference power level) and 1f one of the
correlation power levels is greater than the noise power
level, determines that a signal corresponding to the
correlation power level greater than the noise power

30 level has been received. The reference power level may
be obtained by adding a certain offset to the estimated
noise power level.

For example, as shown in FIG. 12, an offset is



information in a case where non-coherent detection is employed, the
ACK/NACK correlation measuring unit 726 measures the correlation power
levels of a resource 20 identified by thecg:é/clic shift number 0 and the block
spreading code number 0 and a resource identified by the cyclic shift

number 3 and the block spreading code number 0. The ACK/NACK
determining unit 730 compares the 25 correlation power levels with the
estimatéd fdisepowesr levélireferencecpowerdevely and ifednetof tiktain an

correlatiory pawer levels isgreatenihan the-saisecpower level: deteriaest ion
that a signaj coiesppnaing tofhg correlafign power level greaier an the he
noise BowerB leve ﬁasqb_een received. The reference poﬁerﬁevel may be

obtaind8iNadding atcertain offset totthessstitdated Tioise' pewertevel. For the

exampleras shewsnn bléuek?, ar efset isc-32cadded todhe estimateddioisene
powergg%ejlwtgcqptaigeaﬁneﬁcw 'Al‘(c':’rll< dictgmeﬂsnnacyfcri] th':aensclimld %nqré Ore the
correlation power levels of ACK and N are compared wit the

ACK/NAEK S raifafion Hireshold " i thisExafle Hhes sorfélationpoweta s
level af ACK is geaatesthan the ACK/NACK determination threshold and

therefore the ACK%“%'&%“%@“%@ Ul /30 @%?Rm%!%%?e@af@v% base ack

been received. If both of the correlation power levels of ACK 10 and NACK

dre gréater tRai the Feferéiitepow fevel the S ABKEINACRC teterhT hf Ing the
unit Ymdemme&ﬂmmnei@m@iﬁand%Awm&ﬂnimhtghemdeew ACK
has begnyreceived, It both of the. coyrelation,power levels ot ACK.and NACK ¢
are less than or equal to the reference power level, the 15 ACK/NACK

determifiing Griit 736 detérfires'that RGHE of Levels of ACK and NACK are

less than or equal to the reference power level, the

15 ACK/NACK determining unit 730 determines that none of
ACK and NACK has been received or one of ACK and NACK
with a higher power level has been received.

Alternatively, the user device may be
configured to turn off the transmission power to report

20 acknowledgement (ACK) and to turn on the transmission
power to report negative acknowledgement (NACK). In this
case, the ACK/NACK determining unit 730 assumes that
acknowledgement (ACK) 1is reported 1f no signal is
transmitted. This configuration makes it possible to

25 reduce interference with other «cells when reporting
acknowledgement (ACK).

FIG. 13 shows an exemplary process according
to an embodiment of the present invention. In this
exemplary process, general code information related to

30 all user devices 1s transmitted via a broadcast channel
(BCH) . Each wuser device uniquely identifies specific
code information for itself from the broadcast

information. The general code information, for example,



ACK and NACK has been received or one of ACK and NACK with a higher
power level has been received. Alternatively, the user device may be
configured to turn off the transmission power to report 20 acknowledgement
(ACK) and to turn on the transmission p%@v‘er to report negative
acknowledgement (NACK). In this case, the ACK/NACK determining unit

730 assumes that acknowledgement (ACK) is reported if no signal is
transmitted UThis configuratiorrmaked itqadssible No 254@duce interferenceéC#1,
with oti;m ,cell.s,wh@mrepz&tm @@l@%pwm(?@n@nt féﬁ:iﬂ) FIG. 23 shows anirt
exemplary process according embodiment of the present invention, In
this e%nr%/%?a{:rys/ p?g(:esé' gé‘her;?flggbéq‘?ﬁ or%faetiopnr%ié%g to 30 aﬁ%%r}ér()f the
devices/isAfansmitied  viasa breadcdst diatieHCH2 Eaeh (Betdevice’r -~/
urgquelydentfeesispec.t o codesniersation fos itself-framitpedioagcaston) .
information. The geperal COdZBg]for{%%t'%na for exarpCE)Ie -33- Lgcludes

information indi(:atingIJ1 I\FEGEZ ’sequencessfcﬁi #?éi peé Rﬁmasre%%%%%%\nk

the cefi ecyelieshift 2F@MouRtsS BTG S.., BM-PXIB} aré provitedFor eathyieL
the CAZAQC.sequences, asddnfreguenay bands {(Bwl, Bw2, .ch5Bwk) atend a

used fBE Y(?gug[[ﬁr% %%\}i]sigg .@Hgipllles;g@g égx%@e In step B1, the base station

performs down eduling and transmits a downlink control channel
(£4/L2 control chantRl) , addwnlirk data BRanneteand &<pifdt Thanfértbthess
user devicerdOdnstep Mbdhe userdevicenidentifieshinforpatiare (cofde on a

informayign for the user device) on,a, ¢age ussqifar an uplink control chagnel, ,

based on_information in the downlink control channel. FIG. 14 shows an
exenuﬂ&ﬂPﬁEﬂ%ﬁ?Bfln the downlink control channel.

FIG. 14 shows an exemplary method of

15 identifying code information in step M1l. Here, for
brevity, it is assumed that two CAZAC sequences (C#1,
C#2), three cyclic shift amounts (0, L,, 2L,), and two
frequency bands (Bwl, Bw2) are available. In this case,
2x3x2=12 user devices can be distinguished. These values

20 are just examples, and any other appropriate values may
be used.

In step S1, the wuser device determines an
allocation number P (1, 2, .., or 12) assigned to the
user device by the downlink control channel.

25 In step S2, the user device determines whether
the allocation number P 1is greater than 3. If the
allocation number P is not greater than 3 (P=1, 2, or 3),
the CAZAC sequence C#1l, a cyclic shift amount (P-1) xLa,
and the frequency band Bwl are used. If the allocation

30 number P is greater than 3, the process proceeds to step
S3.

In step S3, the user device determines whether

the allocation number P 1is greater than 6. If the



15 identifying code information in step M1. Here, for brevity, it is assumed

that two CAZAC sequences (C#1, C#2), three cyclic shift amounts (O, Lo,

2Lo), and two frequency bands (Bwl, Bw2) are available. In this case,
2x3x2=12 user devices can be dlstanU|§ﬁed These values 20 are just
examples, and any other appropriate values may be used. In step S1, the

user device determines an allocation number P (1, 2, ..., or 12) assigned to

the userldesdde by themlewnlinkicontol chanaek 25thsstep S&the useror ©6)

devicerdetermines whethen dbe@jlocation-pumber Bris ]gfeeﬁ%&mn 3plther,,
aIIocatlorgin ber P is not e%[er H1 ?[(P 1, 2 or% ? 110 on
sequence C “a cycﬁc shi amounta(lg ) )‘?Eo ana he requencyabantf%vxﬁ
are usedrifake Allbeation 309iuriberPis g*?eetew@é;ﬁe,s the prRscess to step
preceeds. to step S3. In step S3, the user device determines whether the
allocation number R is greater Qwangflf thseer34deallogat| re1tneup1ber Pis snot, .
greater than 6 (P= 41% the C sequence 5#1 a cy(I:Thc shift”
amourit{P-471 aathbotfhe ﬁé&ﬁ@ﬁcy BanPBwWE are3ed tH the a?locaﬁén the
number1R isgraaier tham6rthe process preeeedsto-step 5 S4-n,step S4; 9)

the user, devige getermines whether the all ﬁ%“gnéh mber b3 greater th %A,

9. If the allocation number P is notgreatert an 9 (P=7, 8, or9 the CAZA

JéueRBE CHZE a'chRfie SRy aBnft (BL7)xe6e 1(91%%?1 thé ?re&ﬁ%n@ll%éﬁétlon
Bwl areuwises: Ifithe allgeatiar mumber P ig graater than 8 (Px20, 1iher t2yAC

the CAZAG. Reduence Cx2,.g cyclic shiftamoppt (R 190 gpdthe ang the
frequency band Bu2 afe Used. e usea.

FIG. 15 shows exemplary CAZAC codes, cyclic

15 shift amounts, and frequency bands identified Dby the
process shown in FIG. 14. As shown in FIG. 15, users are
first multiplexed by code division multiplexing (CDM)
using CAZAC codes obtained from the same sequence. When

the number of users exceeds a limit, extra users are

20 code-division-multiplexed using the same set of CAZAC
codes in a different frequency band. Similarly, as the
number of users increases, users are code-division-
multiplexed wusing the same set of CAZAC codes 1in
respective frequency bands available. Also, FDM may be

25 employed in addition to block spreading. In other words,
in this embodiment, both CDM and FDM are employed, Dbut

CDM 1s given preference over FDM. When the number of
users exceeds the number of users that can be
distinguished by CDM using a set of CAZAC codes and FDM,

30 another set of CAZAC codes obtained from a different
CAZAC sequence are used for CDM and the users are
multiplexed by CDM and FDM in a similar manner. Also,

non-orthogonal CDM using different CAZAC codes may be



FIG. 15 shows exemplary CAZAC codes, cyclic 15 shift amounts, and
frequency bands identified by the process shown in FIG. 14. As shown in

FIG. 15, users are first multiplexed by code division multiplexing (CDM)

using CAZAC codes obtained from the same sequence. When the number of
users exceeds a limit, extra users are 20 code-division-multiplexed using the
same set of CAZAC codes in a different frequency band. Similarly, as the
numberssflusers inefehsesy users are cadesdivisionCtliltiplexedugsing the Lock
same §9tr%fa%@»c egdﬁg m»a".egma/se ffEélli(;JefMé/ %@é@@n@/aga@e. /@gSQIAZAC
FDM may be 25 em [ ition to_hlock spreading. In.other words, in
it erRBAIEAETt b HIOM A FOW &rd mooyod B COM K gverel»
preferéice b9erFDI: WS iHeS nuifl_;erof usersiéxéeeds)thé rtmbep bt ded
users that candie distinguished by Glaiuusing |, setrof CGAZAC gedes@anbands
FDM, ?(gwalnothggﬁet of CA@g)co%erséobltlasirelgd f%%m a girfgeregt CAZdA‘iinsion
sequence are used for CDM and the users are mulﬁplexedqﬁy%clgM and

FDM iR'&lSifdifse fiaaner %0 - nohPorthégénalcC€BM usihg diffetent eazuxace
codesmaybe -35: used i addition taorthogonat ©DM (inekyding bigaker the
spreading) and FOM, Here, let us assum H}at_'\L%Z@r%i?eaqi”erﬁ‘%%é?#%f a
C#2, ..., C#N) are used in the cell, M cyclic shift amounts (0, Lo, ...,

(M-1)xE65 Are Providerrs fof BackrarihesCAZAC Réquelices? ahd Fireguenty /
bandsa(Bwl; Bwi: 11, Bwh)iarte used fortfreqeencycdivisiorn aaultiplexingvalue

(FDM), I this £3s8,.2 GALAL sequencenympey is E@Rfﬁﬁfﬂt&d— by >(W(J-3’Pé@ém

(di(Tits after the decCimal point are rounded up); the ordinal number of a 1
freque}ﬁkfylband is represented by ((P (n 1)x(MxF))/M) and a cyclic shift
amount is represented byha vatuerghbtained by mokiplyingth reference to

(PS((n'@inF?k(félr)éMl:fmggM of another frequency band Bw2 is
started when the allocation number or the number of
multiplexed users exceeds 3. Alternatively, the same
frequency band Bwl and a different CAZAC sequence C#2
may be used when the number of multiplexed users 1is

20 greater than 3 and less than or equal to 6. Each of the
CAZAC sequences C#1 and C#2 cannot be generated by
cyclically shifting the other and they are not
orthogonal to each other. However, the CAZAC sequences
C#1 and C#2 can be used for the same frequency band

25 Dbecause the <cross-correlation level between them is
relatively small.

Thus, the wuser device identifies 1its code
information based on the broadcast information and the
allocation number P. The identified code information is

30 input to the CAZAC code generating unit 332, the cyclic
shift unit 334, the frequency determining unit 336, and
the pilot signal generating unit 338 shown in FIG. 3.

In step M2 of FIG. 13, the user device



by IL. In the example described with reference to 5 FIGs. 14 and 15, use of
another frequency band Bw2 is started when the allocation number or the
number of multiplexed users exceeds 3. Alternatively, the same frequency
band Bwl and a different CAZAC sequéﬁéé C#2 may be used when the
number of multiplexed users is 20 greater than 3 and less than or equal to 6.
Each of the CAZAC sequences C#1 and C#2 cannot be generated by
cyclicallytshiftingathe wtiséhand tHesrare ot sorthogomal toreachcdthepcket of
Howe\t@fetf@o%zmsmwceﬁaﬁﬁélandr@ﬂz cap-herused-tor the same, be
frequenC\r/ and 25 ecause e cross;cor elation Iehvel J1{)etweenctlgglgrgn an
relatlvgﬁ/ small. Thus,'thé {IS (Cfiewce identified its code II’I?OI‘IT% based *"Y
on thebroRtCaSETORMAGA and thE aﬂ@éﬁﬁéﬁ%mﬁ@iﬂp@crhémmmé@ the
cade information istaQ-mnput 4o the CAZAC eode @%Ilﬁfatiﬁ@&{éft332tfllﬁ user

cyclic shift unit. 334, the frequency determining unit, 53 and_ the pi
S|gnal(§enerat|n eﬁﬁ{‘%g shown %vﬁ eangtCepll{}l of eé)ﬁscéartlng

device*3er Yeterfiriesivhethefthete isan 6PN éa%hfp%\méét cSPlfheet found
downli@kldﬁta channel. dthis error detectiancamayde pertprmedby cyeliterates

red“”%%’% gﬂ%%égﬁc) Of 'lfyozo her, appropriate, errof detection methad, .

known |nt e 5 relevant technica f|eI For each packet, the user device
d@nerﬁt@lé%%%?\ﬂ@a‘&é%eWﬁ?f@méﬁoﬁ%(ﬁééﬁﬁg T&cKrfoiiédgement (ACK)
if no error is found (or a found eregr i within arsaeceptabletangekeiures the

generqtgéeggﬁ%%\,vl l@%? Ing?rmgﬂgn '89\%‘1‘991@ I\%ﬁtﬂv@t 10 channel and
acknowledgement (NA an error is found. In step M3, the user device
lneagﬁﬁgﬁﬁ@tes a channel quality indicator (CQI) by

converting the measurement 1into one of wvalues 1in a
15 predetermined range. For example, the user device
converts the measured reception quality (e.g., SIR) into
a CQI value indicating one of 32 levels and represented
by 5 bits.
The order of steps M2 and M3 may be changed.
20 That is, determination of the acknowledgement
information and measurement of the channel quality

indicator may be performed at any appropriate timings.

In step M4, the wuser device generates an
uplink control channel used to report the
25 acknowledgement information (ACK/NACK) and/or the

channel quality indicator (CQI) to the base station. As
described above, the block modulation pattern generating
unit 306 of FIG. 3 generates one factor for each of 12
blocks all allocated to the channel quality indicator or
30 allocated to both of the channel quality indicator and
the acknowledgement information. In other words, the
block modulation pattern generating unit 306 generates

12 factors (first through twelfth factors) in total for



reception quality of the downlink pilot channel and generates a channel

quality indicator (CQI) by converting the measurement into one of values in a
15 predetermined range. For example, the user device converts the

measured reception quality (e.g., SIR) nté a CQI value indicating one of 32
levels and represented by 5 bits. The order of steps M2 and M3 may be
changed. 20 That is, determination of the acknowledgement information and
measufrefient Bf thel eharveliprralitss firdicator nfalolsé peAdmhed @anyattern
aﬁpm@r@i@ﬁgﬁiﬂg@. l[h&é@pj\dé, @@d&@l giwic&lger%ﬁr@&%&amo@plgmp' rﬁ;pl 14
channel used to report the 25 ackno gement information (ACK/NACK).
ot The el QU Ao (L0 16 e b Siatiah s ecpeion
above2ité biseknadgiation patters geherating Uit 306 6PFHG. 3 feneraesth

one faetorfereach of 42t blocksralkallecated to the channel quality indicator
or 30 allocated to both of the c.haknnel %u%lg%indic tor an tr:jg

The ™ Uupli CcOn chann S. a frame
acknowledgement in ormation. In other wor S, the Slock modulation pattern

gener&iiy LA 306iGenetates 19 Tadtord ffirst thfougwelft faors) in 16tay -
for -37= gachshibf haapothey case] the: bloskanodulation patiesn gereratingple,
unit 306 generates, pne,factof far gah oL 14.Blocks all Alpcaad g e g cne
acknowledgement information, and generates 14 factors(first throug
fotirte€Ath's factbrEf it totdl for 8aéh “THTherighnk E6AttENcanhgPhas e’ to
frame wenfigusatiore as shown ikl GS r4 anddr: tAlternatigelypredchong block

subframe,may includg seven,long %qpksmﬁ;m(&@p&%f a first long plock., ;5
(LB1) is generated by multiplying the 10 entire (cycClica Ii/-shlfted) CAZAC
sequeﬁ@g%ﬁﬁﬁﬁhe@¥b the second factor. Similarly, "a Kth long

block (LBK) is generated by multiplying the same CAZAC

15 sequence by a Kth factor. A frame of the uplink control
channel is generated in this manner.

Then, the generated uplink control channel is
transmitted via a dedicated frequency band from the user
device to the base station.

20 In step B2, the Dbase station receives and
demodulates wuplink control channels transmitted from
multiple user devices. The user devices transmit similar
uplink control channels, but use different CAZAC codes
obtained by applying different cyclic shift amounts to

25 the same CAZAC sequence, different frequency bands, or
CAZAC codes obtained from different CAZAC sequences.
Since each long block 1is generated by multiplying the
entire CAZAC code by one factor, the base station can
combine uplink control channels received from user

30 devices in the same phase. Therefore, the orthogonality
between CAZAC codes obtained by applying different
cyclic shift amounts to the same CAZAC sequence 1is not

disturbed and the base station can separate orthogonal



the user device by the first factor. A second long block (LB2) is generated by
multiplying the same CAZAC sequence by the second factor. Similarly, a Kth
long block (LBK) is generated by multiplying the same CAZAC 15 sequence
by a Kth factor. A frame of the uplink control channel is generated in this
manner. Then, the generated uplink control channel is transmitted via a
dedicated frequency band from the user device to the base station. 20 In

step B21 the basefstatiomrdceives ants dendelulates uphaicesntrolbchfngls is
transmitied drom nmultiple ser devices- Thedises devicesdtransmit similansed,
uplink control.shannels. but use diferent CAZAG, codes obtaingd by appling,
diﬁ‘eren?cycllc Shift amounts to 25 the'same CAZAC sequence, different
frequeRey batlzs or "CAZACE608s bbtaired front dfffereatcAZNCher, with

seqjuenees. Streeieach tgng block is generatedhy mettiphyingdhenentyentent

CAZAC code t%yo e factor t,pe .ba;e station can 89mbine uplink co_LntroI .
of:ack oW el%emeh ﬁ? QrmariQn and/or a Jﬁinn? duality
channels received from user 30 devices In the same phase. Therefore, the

orthogbnali? betfve&l CAZACEbdES Ghtained by applyind Qifféteht cyeRd fth
shift amotints t0 the-sameCAZAG sequence iscnotl distuthes and thesbaseser.

station can sepa—raﬁbort@ocge%al -§§,- sigpals from multiple user gevi%eésf forms

According to this embodiment, even if non-orthogonal CAZAC codes are
dskd, HAteFiETERce [EVEIS befiveth UsEt Uevice Pecoie [dwer than fHoserr e
when eandorm seguencesarsiuse -urther, kuithy bethiis-embodimentf ddsation

possible to determine the;oantent. of acknowledgement informatiop and/ora

channel quality indicator by determining the first through twelfth factors used
for theiBIMk EShtrot thanirel OF 848K user ihste B3 tHe' Base Statibr® User
performisvices.

15 According to an embodiment of the present
invention, non-coherent detection 1s wused for the
acknowledgement information (ACK/NACK). In this case, it
is not necessary to use a pilot channel in a subframe
where the acknowledge information is transmitted. This

20 in turn makes it possible to transmit the
acknowledgement information using resources that are
normally allocated to a pilot channel and therefore
makes 1t possible to increase the number of multiplexed
users when transmitting the acknowledgement information.

25 The descriptions and drawings 1in the above
embodiments should not be construed to be limiting the
present invention. A person skilled in the art may think
of wvariations of the above embodiments from the
descriptions.

30 In other words, the present invention may also
include various embodiments not disclosed above.
Therefore, the technical scope of the present invention

should be determined based on proper understanding of



TO processes such as retransmission control and resource allocation based
on acknowledgement information (ACK/NACK) and/or channel quality
indicators (CQI) reported via the uplink control channels from the user
devices. 5 According to an embodimeritbfthe present invention,

non-coherent detection is used for the acknowledgement information
(ACK/NACK). In this case, it is not necessary to use a pilot channel in a
subfraifee wherenthevacknovdédgeinforivationdss akzmstmitted< Phis 20nia turn
makes DOSﬂble to t@raamilllc}heil aﬁlsnomg%elmer%ﬂmﬁm@%@r;] li%i?gdescribed
resources that.are .normally allocated.to a pilot channel and therefore . makes
1t poSSTHIR 15 InCredst the RmbSr oF Multplaved. Sere e traRItiRg the "
acknoWiedgesrientinfsritatiors 25 THE HeseAptioris and dfawingshin theresent
above i embodimentssshoulthaothe constiied tabe limaiting dhe presentiually
invention. A persqn skilked in the a may tink of variafions of the.abave,
embodiments from the descriptions. 30°In other wor&s, the present invention
may alse® ingRfieevarptsembodimtents nérdiselosedabble. TREFefers Ired
technical senpe pf thepresent-daventign sheuldde detesminegbasesk@mples
proper. e i f-39: claims with reference to th ove :
descriSﬁ%s%%ﬁﬁ%ﬂ%qﬁ%hf %%gge%nt%\yen%ci)r%?s %ésc?i%eegg a c%é\]/%lsn iftfgregrﬁlse
efbodiffents thie distinctions between the embodiments are not essential

for the present 5 invention;@ndrthecembodimentsarnay besused individuakys to
or in cambination. Alfiaual saedific yglues e usselin MG BBANGencs,  the

descriptions to facilitate the understandin%
apparatuses may be implemented by hardware, software, or

a combination of them. The present invention 1s not

15 limited to the specifically disclosed embodiments, and

variations and modifications may be made without
departing from the scope of the present invention.

The present international application claims

priority from Japanese Patent Application No. 2007-073725

20 filed on March 20, 2007, the entire contents of which are

hereby incorporated herein by reference.



of the present invention, the values are just examples and different values
may also be used unless otherwise 10 mentioned. Although functional block
diagrams are used to describe apparatuses in the above embodiments, the
apparatuses may be implemented by hdrdware, software, or a combination

of them. The present invention is not 15 limited to the specifically disclosed
embodiments, and variations and modifications may be made without
departing from the scope of the presentinvEhtion. The present international
application claims priority from Japanese Patent Application No.

2007-073725 20 filed op March Zgé 2007, t £ entlre contenIEs of V3éh|(‘1ease;C an

hereby incorporate hereln by y Teférence. -40- Ct,CL A user deviice

that tra¥rsrits acleastan Wik edntroy cﬁanﬁ@ﬁ%y&agm@@@arn@%%ﬁéméqo a
asm b&&asétaéi@atmglusehae\aigelcqmpri%ieg'cam@ekgm@edgement
information generatlng unit corlgqyred to.generate a%knowled ement

emen orma n ratin unit
information |nd|cat|ng acﬁmow ment or negatlve ac nO\%IF chementg for a

downlifREd ERefinel £ 20 a %@H%Péﬁanné%éﬁ@ﬁﬁﬁf@e&ﬁﬁ Eonfighfedation
generatedhedtpling cantralbehanngelireluding thecaeknowledgament edgement

mform%gn wand g\q égrﬁmégg@g unit ¢ %or{g@ured to transmit the uplink control
a icate

channel using freqj;ency band 15 when no resource is allocated
fof transmission of an UlinkdateRanRel, WReeh the tiplitk donfipR £ 1gured
channebinclades ansltiplecunitblocks censtituting asubframe andieachof the

the unit blocks in¢lldes,a seqHenge generated.oy
a transmitting unit configured to transmit the
uplink control channel using a dedicated frequency band
15 when no resource is allocated for transmission of an
uplink data channel,
wherein the wuplink control channel includes
multiple unit blocks constituting a subframe and each of
the unit Dblocks includes a sequence generated by
20 multiplying all chips of an orthogonal code sequence

assigned to the user device by a same factor.

2. The wuser device as claimed in c¢laim 1,
wherein the orthogonal code sequence is a CAZAC sequence.
25
3. The wuser device as claimed in claim 1,

wherein the factor is +1 or -1.

4. The wuser device as claimed in claim 1,
30 wherein the acknowledgement information 1is represented
by a combination of factors by which one or more of the

respective unit blocks are multiplied.



20 multiplying all chips of an orthogonal code sequence assigned to the user
device by a same factor. 2. The user device as claimed in claim 1, wherein
the orthogonal code sequence is a CAZAC sequence. 2 5 3. The user device
as claimed in claim 1, wherein the factotlis +1 or -1. 4. The user device as
claimed in claim 1, 30 wherein the acknowledgement information is
represented by a combination of factors by which one or more of the
respective unit blocks afg'multipked. 41w B:The siset devicelasiclairmédin 4,
claim 4nwherein the-ackpewiedgementinformationns represented hy-afaetosq
by whigh some of the tespegtive unitblocks are.muliplied 9.6, Theuser, oy .
device as Claimed in claim"L, “wherein a corresponden%e etween resource
allocatiar® ifforirigtibrefdr the uplink control channel and the orthogonal code
seqjuence is predefined such that the 10 orthogonal code sequence is

uniquely identifiabl% PaSﬁg on the respurce allocatiocrl[anf%rrgaticl)n. 7<':ir£]§m 1,

user device as claimed in claim 6, wherein the Correspondence ':-s .
predefii&t Suéh that £5 EBHERAVISRIMUItSIEXRY s perfoiied using: ecfirst on
CAZACrsequencedn a first frequenaychand in the dedicatedsfrequencyhbandne

when r of multiplexe s.is less than qr |.to a first threshold;
and cc?d%%%&g%%nuﬁ% é%(inégjeig%geﬁfogrmelés u}s%i rr% 8§§ %#eg %rstg &%ﬁZA(tlﬁlgp The

JéueRcé i a8stbnaFrEqUEREY Bl ih Stherdetieated frstiehcyabdid Pased
when the numbes of umodiplexed asersisigreatersthaorthe first threshold

7. The wuser device as claimed in claim 6,
wherein the correspondence is predefined such that
15 code division multiplexing 1is performed using
a first CAZAC sequence in a first frequency band in the
dedicated frequency band when a number of multiplexed
users 1s less than or equal to a first threshold; and
code division multiplexing is performed using
20 the first CAZAC sequence 1in a second frequency band in
the dedicated frequency band when the number of
multiplexed users is greater than the first threshold

and less than or equal to a second threshold.

25 8. The user device as claimed in claim 7,
wherein the correspondence 1is further predefined such
that

code division multiplexing 1is performed using
a second CAZAC sequence in the first frequency band in

30 the dedicated frequency band when the number of
multiplexed users 1is greater than the second threshold
and less than or equal to a third threshold; and

code division multiplexing 1is performed using



and less than or equal to a second threshold. 25 B. The user device as
claimed in claim 7, wherein the correspondence is further predefined such
that code division multiplexing is performed using a second CAZAC

sequence in the first. frequency band in“30 the dedicated frequency band
when the number of multiplexed users is greater than the second threshold
and less than or equal to a third threshold; and code division multiplexing is
perforimhed asingnad 2 e SecoriCEAZACLSequence 4t thel sdeor fraquerrnd

band imthe dedicated dreguencyhand when thenaumperof axdtiplexeder o
users fs grealar (hap the third threshold. 5.9, A mettiod Lised by, 3 user deyice
that transmits at least an upllnﬁ conto cﬁannelnby a single-carrier schemeé

to a base station, the method comprising the steps of: generating the uplink
control channel 10dncludingracknowledgement ynfosmatiga indigatinge that
acknowleadrgserril%rslt- ogtnegLaég/Se acknowledg?erq(ent fo% grglgw dat

nliﬂk a
£ b
channel, andmtransmlttlng the upllninconlﬁpo lc'rl%ann(éi)usmg adedicated ¥ °

frequehe) DERTCRREATO résSOLTEe is elocated 2t trarismission of B upliikiod
data chanpel; whereirhthestplintk eantrol channel includes multiple unit

blocks constituting 81esry§]}jr m%(?md each of @Eglljlq&bloclé%ir{}cjl_,%%es @ hannel
sequence generated by muﬁlp ying all chips of an orthogonal code sequence
20 assigred to-fite user BEUREURFEEARE factor MEO TAYase stationtHat 2 =119

receives ahteast @netiplink centrol chganeklay a single-catierescheme ffom a
multiple user;dgviges. the,hase station comprising:
transmitting the uplink control channel using
a dedicated frequency band when no resource is allocated
15 for transmission of an uplink data channel,
wherein the wuplink control channel includes
multiple unit blocks constituting a subframe and each of
the unit Dblocks includes a sequence generated by
multiplying all chips of an orthogonal code sequence

20 assigned to the user device by a same factor.

10. A base station that receives at least an
uplink control channel by a single-carrier scheme from
multiple user devices, the base station comprising:

25 an extracting unit configured to extract
acknowledgement information indicating acknowledgement
or negative acknowledgement for a downlink data channel
from the uplink control channel;

a scheduling unit configured to schedule a new

30 packet or a retransmission packet based on the
acknowledgement information; and

a transmitting unit configured to transmit the

new packet or the retransmission packet via the downlink



25 an extracting unit configured to extract acknowledgement information
indicating acknowledgement or negative acknowledgement for a downlink
data channel from the uplink control channel; a scheduling unit configured to
schedule a new 30 packet or a retransifission packet based on the
acknowledgement information; and a transmitting unit configured to transmit
the new packet or the retransmission packet via the downlink -43- data
channék whereintrel uplifiegentrol channel includes multiple unit blocks

constituting a subframe angheach ofdhe it Ripgks includesiagequenceriple
generated by multiplying all 5 chips of an orthogonal code seauence . ;¢
assignedto a correspondlsng one of thé user dewcesaby a Ssame ?actor; and

the exitaeifig unit 43 edRfigired 6 determife ng cohtshtof thig L tiplying all
acknowledgement infarmationdays 401 detesmining-tactersdy whichythes to a
respective unit blogks are muIti@Iietqlaemd correl&tion Jower. Ie\éels of thefggiétor;

blocks. 11. The base station as clalmedulﬁe(flalrﬁ\ijo, °I5 wherein the
orthogdhal code sequence is a CAZAC sequence; and the base station is

configured to assigﬂherthagaraahﬁodp_ s_equerncses_caﬂd;tr@psartiassi@n @aﬂd_srﬁ@ne
the 2Q user devices sugh that code Q%’k%%%g%ﬁge'r%mg IS g{?ﬁ% ediysing 4,

a first CAZAC sequence In a first frequency in the dedicated frequency
Bdhd WRER Edmber of fivtilexed tiserdisiBss HRiP6Frequal ta firsbLocks

threshelts andltiplied and correlation power levels of the unit
blocks.

11. The base station as claimed in claim 10,
15 wherein
the orthogonal code sequence 1is a CAZAC
sequence; and
the Dbase station is configured to assign
orthogonal code sequences and transmission bands to the
20 user devices such that
code division multiplexing 1is performed using
a first CAZAC sequence in a first frequency band in the
dedicated frequency band when a number of multiplexed
users 1s less than or equal to a first threshold, and
25 code division multiplexing is performed using
the first CAZAC sequence in a second frequency band in
the dedicated frequency band when the number of
multiplexed users 1is greater than the first threshold
and less than or equal to a second threshold.
30
12. The base station as claimed in claim 11,
wherein the Dbase station 1is configured to assign the

orthogonal code sequences and the transmission bands to



25 code division multiplexing is performed using the first CAZAC sequence
in a second frequency band in the dedicated frequency band when the
number of multiplexed users is greater than the first threshold and less than
or equal to a second threshold. :30 12.7FHe base station as claimed in Claim
11, wherein the base station is configured to assign the orthogonal code
sequences and the transmission bands to -44- the user devices such that
code divisiorsmultijsiexingss petfortdetusing a second CAZAC sequence in

the first frequency bang ingthe dedicatee freguency. pand wpen theumhes i ng
of 5 multiplexed users is.greater than the second_threshold and less than or .
el o ST T SO et CaE ividion Teuiptbang 1€ SaMGH e LG
the setbfid CAZAC segfiende ittt secondffequeneybant i the detkicated® £
frequengy bandewben the-aumber o-'8anultiplexed usets isgreater tharthe14
third thregh&)ld. 1%hThe base s&gni'or% asaclgimetggr%%iaimhl% dwhaer%in the

1

uplink%%ntro?cs:ﬁanngﬁngﬁjdee% multip?e unit blocks with a brednetermined

data size and each&etSof o Srimbregf therdifit bistks havifgiwsafe using
contenthis raudltiplied by arfactos et representirigeanseribagormateeedecy band

Sequenge, %H% the exiracting “r%i%sq?i)%%f' reg.to determine %thﬁ]&%%%m of
of the acknowledgement information by determining factors other than the

fabtor Bat by Wi thesespetive bRt Biacks are frititipiied: 445 ristRod -

used by a base station that 25 receives at least an uplink control channel by
Eigngb' 13. The base station as claimed in claim 10,
wherein
the uplink control channel includes multiple
15 unit blocks with a predetermined data size and each set
of two or more of the unit blocks having a same content
is multiplied by a factor set representing an orthogonal
code sequence; and
the extracting unit is configured to determine
20 the content of the acknowledgement information by

determining factors other than the factor set by which

the respective unit blocks are multiplied.

14. A method used by a base station that
25 receives at least an uplink control channel by a single-
carrier scheme from multiple user devices, the method
comprising the steps of:
extracting acknowledgement information
indicating acknowledgement or negative acknowledgement
30 for a downlink data channel from the uplink control
channel;
scheduling a new packet or a retransmission

packet based on the acknowledgement information; and



carrier scheme from multiple user devices, the method comprising the steps
of: extracting acknowledgement information indicating acknowledgement or
negative acknowledgement 30 for a downlink data channel from the uplink
control channel; scheduling new packe‘flér‘a retransmission packet based

on the acknowledgement information; and -45- transmitting the new packet or
the retransmission packet via the downlink data channel, wherein the uplink
control channel inclutiessikiple b unitblocks eenstitutingk stibframae and the
each ofdhe anit, blacksrincjudes-a seguence.gengrated hykmultiplyingalinne1,
chips (V)qthar%gitrrl]ogonal code sequence assigned to a corresponding one of

the user devices by a same factor; and 10 i_n the extr_acti_ng step, a

content of the ackridWledgerhit- iffofmationdsadsierminéd bytidterfiningl e
fagtors;by which the respesctiveditblogks are mliplied and-eorselatins unit
powerlevels of the upit Blogks, &

10

15

sequence generated by multiplying all
chips of an orthogonal code sequence assigned to a
corresponding one of the user devices by a same factor;
and
in the extracting step, a content of the
acknowledgement information is determined by determining
factors by which the respective unit Dblocks are
multiplied and correlation power levels of the wunit

blocks.





