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DESCRIPTION USER DEVICE, BASE STATION DEVICE, AND
METHOD 5 TECHNICAL FIELD The present invention relates to the
technical field of mobile communication and more particularly relates to
user apparatuses, base station apparatuses and methods for use in
mobile communication 10 systems. BACKGROUND ART In this technical
field, some research and development on next-generation communication
systems 15 have been intensivgly aeggerategnIn currently anticipated
communication systems, a single-carrier scheme may be promising for
use in uplinks from the viewpoint of wider coverage while avoiding
increas¢SARPAEN ([BRK-1B-ASEragd ROWONR Y. IS0, INANESeMEOTHOD
communication systems, both uplink and downlink radio resources may
be assigned in channels shared between multiple users depending on
Tespbdtile AbmimUnledtion conditions of the users. Operations for

determining SU%@?WH‘E‘W H@é@f?ﬁ%toﬁéﬁﬁ%@"ﬂ@ FER @S
appro%rlate iCh dulgc? |§¥plm s,_each user apparatus. transmits a pilot
10
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apparatus, and the user apparatus informs the base station of information
f¥Stehannel Quality Indicator) indicative of channel conditions based

on reception quality of the pilot channel. The base station evaluates the

n nditio qj the downlinks based on the CQIs 1 reported from
m&m&s and accordingly

In this technical field, some research and

development on next-generation communication systems
have been intensively accelerated. 1In currently
anticipated communication systems, a single-carrier
scheme may be promising for use in uplinks from the
viewpoint of wider coverage while avoiding increase 1iIn
PAPR (peak-to-Average Power Ratio). Also iIn these
communication systems, both uplink and downlink radio
resources may be assigned in channels shared between
multiple users depending on respective communication
conditions of the users. Operations for determining
such assignment may be referred to as scheduling. For
appropriate scheduling in uplinks, each user apparatus
transmits a pilot channel to a base station, and the base
station evaluates channel condition of the uplinks based
on reception quality. Also for scheduling in downlinks,
the base station transmits a pilot channel to the user
apparatus, and the user apparatus informs the base
station of information (CQI: Channel Quality Indicator)
indicative of channel conditions based on reception
quality of the pilot channel. The base station evaluates
the channel conditions of the downlinks based on the CQIs
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schedules the downlinks. Uplink control channels may include two types
of control information, control information (requisite 5 control information
or first control information) that must be transmitted concomitantly to
uplink data channels, and control information (second control information)
that may be transmitted independent of the presence of the uplink data
channels. The first control information 10 may include information

PRSPV 0 FeBRIUae thestata LhARTEATHISE LS AR dvebsldingly

modulation schemes and channel coding rates. The second control
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IS transmitted in a dedicated resource (dedicated band). Some examples
Besudsehdd gtilfzafion Bt AMaRsSse Q. TaderetHatpidie data

gRlikhard 3 dhzajiondathe Budiatediexrowlal id Resehemes and
{:(jiource ﬂnlts of greater and smaller data S|zes§re rovided. The larger
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4532 KH8e1 acknowledgement information (ACK/NACK),
resource assignment requests and/or others.
Accordingly, the user apparatus may transmit only the
first control information, only the second control
information or both the first and second control
information 1n the uplink control channels.

In the case where a resource block (radio
resource) is assigned for transmission of the uplink data
channel, the first control information (and the second
control information as needed) may be transmitted 1n that
resource block. On the other hand, if no uplink data
channel is transmitted, it Is assumed that the second
control information iIs transmitted in a dedicated
resource (dedicated band). Some examples of such band
utilization are outlined below.

FIG. 1 illustrates exemplary uplink band
utilization. 1In the illustrated example, two types of
resource units of greater and smaller data sizes are
provided. The larger resource unit may have a bandwidth
Fre1 OF 1.25 MHz and a duration Tgg OFf 0.5 ms. The smaller
resource unit may have a bandwidth Fgg, of 375 kHz and
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2 the duration TRB of 0.5 ms. The duration may be referred to as a unit
transmission period, a transmission time interval (I1l) or a subframe. The
duration may correspond to duration of a single radio packet. Six 5
resources are arranged in the direction of frequency axis, and the smaller
resources are arranged in the rightmost and leftmost locations. Various
arrangement patterns of the resources can be designed as long as both

#1%e IQOPAEFOH O ANE i@ regeher sidpfiaveUPRYFdaeAPiBeFe¥erred

the illustrated example, uplinks are scheduled to transmit contral
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%Elr&;ﬁ%?a channjcl)s. In 20 addition, two _smaller resources are used to
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saGeesslyl fepedaPs ¥Hehe 1arger resources (second, third,
fourth and fifth resource blocks). Also in the smaller
resources (first and sixth resources), transmission
timings of user apparatuses are adjusted to transmit
control channels (second control channels) for the case
of no transmission of the uplink data channels. 1In
addition, two smaller resources are used to transmit the
first control channel for a certain user apparatus. 1In
the 1llustrated example, the second control channel for
user apparatus A i1s transmitted In the sixth resource
In the second subframe and the first resource in the third
subframe. Similarly, the second control channel for
user apparatus B is transmitted i1n the sixth resource
in the third subframe and the first resource in the fourth
subframe. In this manner, the second control channels
are transmitted such that they are hopped with respect
to the frequency axis and the time axis. As a result,
time and frequency diversities can be obtained, resulting
in higher reliability of successful demodulation of the
second control channels at the base station.

FIG. 2 1llustrates another exemplary uplink
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second control channels at the base station. FIG. 2 illustrates another
exemplary uplink 3 band utilization. Similar to the example illustrated in
FIG. 1, two types of resource units of greater and smaller data sizes are
provided. In this example, the subframe duration TRB is subdivided into
two subintervals for the 5 smaller resources (first and sixth resources). In
the illustrated example, the second control channel for user apparatus A

ARSI 9G P ARG Bst suldiieny rb(he Jirehigall REiNE PELFRTE SHPRRd in
of the first resource in the first subframe and in the second subinterval

hé 10lsedohd RAPSTR EUFRMASE I dEneEigherts @A Raal ler
tstaulfiiants Theesqoond daididl chhnngHarsusexappdretysthis subframe
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of the control channel for user apparatus A may be completed within the
singrerdbfi@td il tdgs ﬁb!r&frﬁ?éi& dfe sorrbd crahndiier stx th

rERATAHE B Ay PREISprpapleierbitimEhe single sdlftanirl TEBR trol
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and in the second subinterval of the first resource iIn
the First subframe. The same transmission may be also
performed in the third and fifth subframes. 1In this
manner, the second control channels are transmitted so
that they are hopped with respect to the frequency axis
and the time axis. As a result, time and frequency
diversities can be obtained, resulting in higher
reliability of successful demodulation of the second
control channels at the base station. |In addition, the
transmission of the control channel for user apparatus
A may be completed within the single subframe, and the
transmission of the control channel for user apparatus
B may be also completed within the single subframe. Thus,
this example may be preferred from the viewpoint of
shorter transmission latency of the uplink control
channels. This technique i1s described iIn non-patent

document 1 “3GPP, R1-061675”, for example.

DISCLOSURE OF INVENTION
[PROBLEM TO BE SOLVED BY THE INVENTION]
In FIGS. 1 and 2, the smaller resources may
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DISCLOSURE OF INVENTION [PROBLEM TO BE SOLVED BY THE
INVENTION] In FIGS. 1 and 2, the smaller resources may 4 be illustrated
in such a manner that the whole resource may be occupied by user
apparatus A or B as "CONTROL A" and "CONTROL B", but the resource
may be shared between several user apparatuses from the viewpoint of
efficient 5 utilization of the resource. For example, it can be conceived

Bt eIy eith ¥Rl APRAEIIPSSaes A cdedigrdad and ISt dRBSD urce
with frequency division multiplexing (FDM) scheme. If the multlp‘lexgiggls
I
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andwidth of an uplink _control channel may vary frequently depending on .
AR BB D Al BARPL AT St Crbalb SHIBA s 1V ES T o
mar!s_tﬁipme@ﬁi_e)cgtr_z(r@ms_im’cbmqwldthsl o thd o ruaelrlahplm_&heg fars
g‘ﬂ#@f?' SPPLCRIONS I iH B wc%%&g@eﬁgwﬂ@g@&w,k however,
control information (signaling overhead) and accordingly decrease

gassiérl dmkie dERIthRANAIS QUSRS @¢al BE cBAcveaTihkhe users,

éﬁ$@UFt_3ﬁ_$u_'§‘ @d@!i@tqcbbanﬁium@ebe @i’ﬁf%ii‘p?é acaer dpecejwidldyided in
R SRR TR SRRV e sos e 1 WA Pt umber
b# oosubienidyredingle dses ¢ipwenere smitarfencrive powedlevel naaypi ot
BREAT NI iePPLPe Nderrdgd dgnakalivp i% uses, which may
increase interference levels. |In addition, if it 1is
accepted that a transmission bandwidth of an uplink
control channel may vary frequently depending on the
amount of user multiplexing and/or others, a base station
must transmit modified transmission bandwidths to the
user apparatuses for individual modifications. This may
increase the amount of downlink control i1nformation
(signaling overhead) and accordingly decrease transfer
efficiency of data channels. Also, 1t can be conceived
that resources iIn a dedicated band may be shared 1in
accordance with acode division multiplexing (CDM) scheme
as applied in W-CDMA based mobile communication systems.
In the CDM scheme, a wider band can be occupied by a single
user. However, iInterference power level may become
higher, resulting in degraded signal quality. |If the
same user multiplexes and transmits acknowledgement
information (ACK/NACK) and channel condition
information (CQl) in accordance with the CDM scheme,
there may be a risk of i1Increase in peak power.

One object of the present invention is to
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30 same user multiplexes and transmits acknowledgement information
(ACK/NACK) and channel condition information (CQI) in accordance with
the CDM scheme, there may be a risk of increase in peak power. One
object of the present invention is to 5 obtain a larger number of
orthogonal code sequences and reduce variations of transmission bands
in multiplexing of uplink control channels frommultiple user apparatuses

8488 Fﬁs%""h&ﬁt;@? WU%@}WMCBW}%? BHadng ok leash oeles and

acknowledgement information (ACK/NACK) _for downlink data channels

bRY hﬁ?tﬁrﬁ’aft‘llir! "(’Gcbﬁqﬁd%gtui%r thﬁiﬂkﬁﬁk' aiahRNGhdfbdt Tplexing
tEnspitiediroorita- odecappanad = incacourdance bétludka- apparatuses

RIS 1O SHEANSIEQR SORUNGTHR EROREN M Raing

present |nvent|on IS a led 10 a user apparatu r tran
ait upRracdondor cﬁifnﬁ’& l@@wa@dgmrabpamfwm atEdSraaACKidNACK)

f%ﬁ SHSHNQN HEE S&a@HBe cHErHsen aPRaRfus MEYPeRaN on (Cob)
owled ement rmati eneration unjt configured to generate
ke A i i et etk
tegatise ielspedsef m)a] cblmmlilnlsajatapnbamwtwsﬂfmnml acabtiastance with
gﬂréergtm Zgagfpfigé#e%@r%ﬂgrate channel condition information

Indicative of a down nnel condition, a control channel generation
unit configured to generate an uplink control channel including at least

EMEN\IQG pglmogd;q_dgq:m@ntﬁnf@rrp@t@@L@M]he channel condition 25
iInformation, andﬁtransmlssmn unit co éﬂ:ured to_ transmit the

control channel &p.%ﬁSfﬁq%’a dddicatéd My ifvo RRRIAE agglgﬁedjser

appasattus for transmitting at least an uplink control
channel to a base station apparatus iIn accordance with
a single-carrier scheme. The user apparatus includes an
acknowledgement information generation unit configured
to generate acknowledgement information indicative of
a positive response or a negative response to a downlink
data channel, a channel condition generation unit
configured to generate channel condition information
indicative of a downlink channel condition, a control
channel generation unit configured to generate an uplink
control channel including at least one of the
acknowledgement information and the channel condition
information, and a transmission unit configured to
transmit the uplink control channel in a predefined
dedicated band 1f no resource is assigned to transmit
an uplink data channel. The uplink control channel
includes one or more unit blocks including a sequence
resulting from multiplication of a uniform factor with
all chips of an orthogonal code sequence for the user
apparatus.

[ADVANTAGE OF THE INVENTION]
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an uplink data channel. The uplink control channel includes one or more
unit blocks including a sequence 30 resulting from multiplication of a
uniform factor with all chips of an orthogonal code sequence for the user
apparatus. [ADVANTAGE OF THE INVENTION] 6 According to the
embodiments of the present invention, it is possible to obtain a larger
number of orthogonal code sequences and reduce variations of

transmission bapde Brauiie e eheliakpeidithe ftaek {98 present

multiple user apparatuses in the case where the uplink control channels
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BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 i1llustrates exemplary band assignment

for use In a mobile communication system;

FIG. 2 illustrates another exemplary band
assignment for use In a mobile communication system;

FIG. 3 is a block diagram illustrating a user
apparatus according to one embodiment of the present
invention;

FIG. 4 1llustrates exemplary arrangements of
a TTl, subframes and blocks;

FIG. 5 1llustrates exemplary arrangements of
factors multiplied in long blocks LBs;

FIG. 6 is a diagram schematically
illustrating characteristics of CAZAC codes;

FIG. 7 is a block diagram illustrating an
exemplary base station apparatus according to one
embodiment of the present invention;

FIG. 8 is a flowchart illustrating an
exemplary operation according to one embodiment of the
present invention;

FIG. 9 1s a flowchart of exemplary
identification of code information from broadcast



10

15

20

25

30

exemplary base station apparatus according to one embodiment of the
present invention; 30 FIG. 8 is a flowchart illustrating an exemplary
operation according to one embodiment of the present invention; FIG. 9 is
a flowchart of exemplary identification of code information from broadcast
7 information and an assignment number; FIG. 10 illustrates exemplary
CAZAC codes, cyclic shift amounts and bands resulting from execution

Phife ARWErHN e Bk RSsTismeiackfliagsarp illustrating a user

apparatus using’:block s%ea_din codes according to one embodiment of

the present inventiGm, FIQ. L UHIR e rat ARl any (e C codes,

statidn apparathis usingiack sehdiag dedaseanedrdingg 1fteonexecution
bodimept,of resent invention; E1G. 13 illustrates an exemplary

§$ar?&e?neﬁ%¢?§%%ﬁs% m%ﬁipfige?dgfh Iogng blocks; FIG. 14 illustrates an

exemplary arrarfgbneri lofifactoRkpakiddiegpreatind bogdenatohgy a user

QPBE%&%U@GU§5HBSE$8%RX@ﬁWé@Hﬂﬁ@9@@86@Fﬁﬁ@%*@@%@ to one
éwi{(tj:gfactors andflq} k spreadlrg codes multiplexed in long blocks; FIG.
m

BROLABEN Sia by tBErE 0der Vaprartd@lsing block spreading
codes according-tbGond 20 enddulloeit of kb pesentihvatiathiGgla base

" t . ) e i
T A s T e S T LR Eor ding
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spreading codeg3ecordiggi 1 lustrates an exemplary arrangement
of factors multiplied in long blocks;

FIG. 14 illustrates an exemplary arrangement
of factors and block spreading codes in long blocks;

FIG. 15 illustrates exemplary arrangements of
first through twelfth factors and block spreading codes
multiplexed in long blocks;

FIG. 16 is a block diagram illustrating a user
apparatus using block spreading codes according to one
embodiment of the present invention;

FIG. 17 1llustrates transmission data
sequences resulting from multiplication of orthogonal
code sequences mapped to long blocks; and

FIG. 18 is a block diagram illustrating a base
station apparatus using block spreading codes according
to one embodiment of the present invention.

LIST OF REFERENCE SYMBOLS
302: CQI estimation unit
304: ACK/NACK determination unit
306: block-wise modulation pattern

generation unit
308: block-wise modulation unit
310: discrete Fourier transform (DFT) unit
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to one embodiment of the present invention. LIST OF REFERENCE
SYMBOLS 302: CQI estimation unit 30 304: ACK/NACK determination
unit 306: block-wise modulation pattern generation unit 308: block-wise
modulation unit 310: discrete Fourier transform (DFT) unit 8 312
subcarrier mapping unit 314: inverse fast Fourier transform (IFFT) unit
316: cyclic prefix (CP) application unit 5 318: multiplexing unit 320: RF

transmission cirgyib _32§1P6’@’§F?fm8|}ﬁ%§§% ﬂﬁ'g'eiﬁ‘?fﬁ?’& code
C

information identification unit 10 332: CAZ ode generation unit 334:

cyclic shift unit 33% HIdtR\BIRRing AT FRUFAGIendy SAFTPUHR F68FFT)
pitoi signal generation unit 15 340: transmission data sequence
ming estmation Lot B0 70! BeP LR (R b G R uni't
channel estimatioh&mita 2 tipdenidindendpbihg unit 714: frequency
domain equalizafipp uni 7 1B iaMeiRg distiie qurenansform

322: power amplifier

324: duplexer

330: code information identification unit

332: CAZAC code generation unit

334: cyclic shift unit

335: block spreading unit

336: frequency setting unit

338: pilot signal generation unit

340: transmission data sequence generation
unit

702: duplexer

704: RF reception circuit

706: reception timing estimation unit

708: fast Fourier transform (FFT) unit

710: channel estimation unit

712: subcarrier demapping unit

714: frequency domain equalization unit

716: inverse discrete Fourier transform
(IDFT) unit

718: demodulation unit

720: retransmission control unit

722: scheduler

724: code information setting unit

BEST MODE FOR CARRYING OUT THE INVENTION

According to one aspect of the present
invention, an uplink control channel including at least
one of acknowledgement information and channel condition
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25 (IDFT) unit 718: demodulation unit 720: retransmission control unit
722: scheduler 724: code information setting unit 30 BEST MODE FOR
CARRYING OUT THE INVENTION According to one aspect of the
present invention, an uplink control channel including at least one of
acknowledgement information and channel condition 9 information is
transmitted in a predefined dedicated band if no resource is assigned to

YATORhart iRk 42 ShaNp e €88 UK SPRIER £idBe| dsdlipea ted band

several unit block sequences (Iong blocks) resulting from 5 multiplication

bfihB Qe FRUSGHthiaH As b9AK brhBgddarBsitideqdgnp 1 ink data
Gipically la CAZAE cqolkisdquenced for b udeaapalatisidhudatthseveral

' li I ied
O R R T R T PR Y Tt FRAR P

sakdd edpeeatd 6dn sdpakhe Haneefgphaiusektppdbliagips of an
W8 Hmort%iafear&@w%lééerﬁepara&&ﬁ-ysjn% BRZAC code

acknow eogs/m nt information or the channel condifion information n%ag
RGP R 'e@%ﬁmﬂaH%ﬁﬁxﬂﬂB%ﬁ&%%ﬁmmJﬁyéanB e base
stpadseatedap paa artimsrep fectmes wakipliguviithka Cada€abdehannels

. ) : \ : o )
R F e R AT ZEURS S ey unie
ehoak seeastRNeYuektterdramgdbatd AlndRPafiRIdtBneaN separate

ﬁW@*@@@ﬁn%bﬁB?ﬁ%m§@§ﬁéﬁwﬂ$%*$éi@@ﬂaﬁF@HEUﬁWUmEr
g¥%r%8g%%P¥¥§hg%g%8e%rge%ser apparatuses. Since the
acknowledgement information or the channel condition
information may have a relatively small amount of
information, they can be fully represented in one or more
factors multiplied with a CAZAC code.

According to one aspect of the present
invention, an uplink control channel being not
concomitant to an uplink data channel may i1nclude a CAZAC
code sequence resulting from a number of iterations
corresponding to the number of long blocks as well as
some multiplier factors and a pilot channel generated
from the CAZAC code sequence. Thus, as long as the base
station apparatus processes the uplink control channel
on a per long block basis or on a per short block basis,
characteristics of the CAZAC code sequence would not be
lost. This means that good orthogonality separation
characteristics among user apparatuses is not only
achieved but also the CAZAC codes for long blocks can
be used as reference signals for channel estimation, path
search and/or others. Since not only a small number of
short blocks including pilot channels but also a large
number of long blocks included in uplink control channels
are used for the channel estimation and/or others, it

10
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from the CAZAC code sequence. Thus, as long as the base station
apparatus processes the uplink control channel 25 on a per long block
basis or on a per short block basis, characteristics of the CAZAC code
sequence would not be lost. This means that good orthogonality
separation characteristics among user apparatuses is not only achieved
but also the CAZAC codes for long blocks can 30 be used as reference

F9N8E5dQiPENELESTRMIPRIRAR CPH MY IV ORRS: K616 PREYWF the

a small number of short blocks includin£ pilot channels but also a large
ROABEY 168 IR MIudBd S SHinE BSntRATRER S8 used for the
channel estimationcnd®i othets itoHeis popsiide toSigrifiangy esprove

E*}?\Pé:ﬁléfi”‘% of &E‘@ |‘-‘i‘}"f‘{2”§'o%§ﬂ'P Fio'?;%'}i% fe”i%p?‘Po%ﬁaéChn té‘r‘;goédwgmber
0 one aspect of the present invention, uplink contro channels from a
Rifge SR MBE PR RIS aspaRMES al b @iRekddinac@rdmaee with

WIGHROUAIVSPO MHINRTRA COMESEEMPOLR flegesy divrieduency
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tihjeareDbessluvenio td be paniiied ed litle©ls posgble rUndet theifdN  For

FHFEDIF 400i3 pa5e, 3 fane way BAYB b 4CEL Iepoa Rt 9B have
user multiplexing order). As a result, a larger number of code

togueacawei fikednfsging 1dsel 8pFFatd 95 kR -obthiRdg hitdre FDM

gﬁ:ﬂmgn ﬂ%ﬁllagvejﬁgéﬂ,eIrf%a@%m?ﬁsi@éﬁbame;lsg)rwlia!gcgr_itﬁih ded less
channeis smaller ero a S nave 10 pe rovided In e
RO QRN DR S E St h CP TS I8 RbAR T ons AP Fesul t.

galdsorigeen bandse Anothecedsorsefquevendsy ffequedi hbeifieatibasting
8%%}m8&68?3%§9893%%wd%£3@B%%@ﬂ&&h%hi|e maintaining
relatively wider transmission bands for uplink control
channels. A smaller number of band types have to be
provided in the FDM scheme, resulting in prevention of
frequent modifications of the transmission bands.
Another reason of preventing frequent modifications of
the transmission bandwidth is that even if the
transmission bandwidths of uplink control channels are
frequently modified, it would be hard to significantly
improve signal quality due to relatively smaller sizes
of the acknowledgement information (ACK/NACK) and the
channel condition information (CQl). Rather, i1t would
be better to reduce overhead through infrequent
modifications of the transmission bandwidths and focus
on transmission power control for the signal quality.
According to one aspect of the present
invention, an orthogonal code sequence may be represented
in a set of factors (block spreading codes) multiplied
with multiple unit blocks having the same contents. The
unit block may 1nclude a sequence resulting from
multiplication of the same factor (a factor provided

11



10

15

20

25

30

transmission bandwidths of uplink control channels are frequently
modified, it would be hard to significantly improve signal quality due to
relatively smaller sizes of the acknowledgement information (ACK/NACK)
and the 25 channel condition information (CQI). Rather, it would be better
to reduce overhead through infrequent modifications of the transmission
bandwidths and focus on transmission power control for the signal

gggi%}ifé\féqr@%@n?%%sl%q(ﬁ OkiRGIPEaR¥ ﬁf& Buerdiey. @i HRPIEhips

e sequence may be represented in a set of factors (block spreading
8L RuRipd SRR AUIPRIGISHGUE RGFing tH'SarHS Eorftdnt® 195K
gpirblackimgy tollids acsaguehce teéitingrionemsskiplpaten ofitbe code

ided | i _
] o e Sl Tt it gt ing
Epieading Eotesidahigarcr ontse gk BoRidE 208 hafbrxifpoderglue to

Th%rﬁé_hé%e steeled P@d@_@ti%5lﬁr§8¥e'ﬂ$dn%ﬁftﬁﬁgm t_BQ‘d_ers can be
%fbnﬁlssmn b?nds due to increase or decrease In user multiplexing

&P8rhanced. [First Embodiment] 10 FIG. 3 is a block
diagram illustrating a user apparatus according to one embodiment of the

E[:efﬁgt_tingﬁmiga.il {Aﬁa& a CQI estimation unit 302, an ACK/NACK

etermination unit 3 jlock-wise modulation pattern generation unit
306, ablock-wisE Moduathh @niP 19968 dd aigsrate Bdkiepkhakdio a user

Qﬂﬁaﬁﬁiﬁéaétébmﬁﬁﬁﬁnprwﬁémé@63d¥H€W¥S%$§tﬁ%ﬂﬁ?esent
BT S Bes oo B (CRLpBieRioni iR 80 an
BZXANACK determination unit 304, a block-wise modulation
pattern generationunit 306, ablock-wise modulationunit
308, a discrete Fourier transform (DFT) unit 310, a
subcarrier mapping unit 312, an inverse fast Fourier
transform (IFFT) unit 314, a cyclic prefix (CP)
application unit 316, a multiplexing unit 318, a RF
transmission circuit 320, a power amplifier 322, a
duplexer 324, a code information identificationunit 330,
a CAZAC code generation unit 332, a cyclic shift unit
334, a frequency setting unit 336 and a pilot signal
generation unit 338 are i1llustrated.

The CQl estimation unit 302 measures and
supplies a measure indicative of downlink channel
condition, that i1s, a channel quality indicator (CQIl).
The CQl may be derived, for example, by measuring
reception quality (which may be represented as SIR, SINR
or others) of a pilot channel transmitted from a base
station and converting the measured reception quality
into a numerical value. For example, the measured
reception quality (SIR) may be converted into a numerical
value i1ndicating which one 1n 32 levels the reception
quality is classified into and may be accordingly derived
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20 duplexer324, a code information identification unit 330, a CAZAC code
generation unit 332, a cyclic shift unit 334, a frequency setting unit 336
and a pilot signal generation unit 338 are illustrated. The CQI estimation
unit 302 measures and 25 supplies a measure indicative of downlink
channel condition, that is, a channel quality indicator (CQI). The CQI may
be derived, for example, by measuring reception quality (which may be
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base 30 station and converti@g the measured reception quality into a
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acknowie ent iInformation, e nowleage intormatgon ma e
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e presence of an error in the received packet. Ac )
hagotlyekent” RRF@SESHCcHNR RpRSEME irtdneddt IRK FRY bkn the

fepcespoted ifﬁ)ﬁ@kfétﬁ@n %@éﬁrﬂh%@?@k;wﬁﬂ@@élaﬁ@mm@ kment
g&r}gration 15 unit SOGM%Enerates block-wise modulation patterns from

OBMHERAL aGHOWR gL AR RO RN YACRRRACKY E A0UT may be
peolefrsseimivedbel of lodke atdnmoludecinai dubframe,

The block-wise modulation pattern generation
unit 306 generates block-wise modulation patterns from
the CQI and the acknowledgement information (ACK/NACK).
A predefined number of blocks are included in a subframe,
and in turn several subframes may constitute a
transmission time interval (TTl) serving as a resource
assignment unit.

FIG. 4 1llustrates exemplary arrangements of
a TTl, subframes and blocks. 1In this illustration, the
TTI of 1.0 ms includes two subframes of 0.5 ms, and each
of the subframes includes six long blocks (LBs) and two
short blocks (SBs). For example, the long block may have
a duration of 66.7 p s, and the short block may have a
duration of 33.3us. These numerical values are simply
illustrative and can be modified as needed. 1In general,
the long block 1s used to transmit data (control channels,
data channels or others) unknown at the receiver side,
and the short block 1s used to transmit data (pilot
channels or others) known at the receiver side. In the
illustrated example, one TTI 1s configured to have twelve
long blocks (LB1-LB12) and four short blocks (SB1-SB4).
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and in turn several subframes may constitute a transmission time interval
(TTI) serving as a resource 20 assignment unit. FIG. 4 illustrates
exemplary arrangements of a TTI, subframes and blocks. In this
illustration, the TTI of 1.0 ms includes two subframes of 0.5 ms, and each
of the subframes includes six long blocks (LBs) and two 25 short blocks
(SBs) . For example, the long block may have a duration of 66.7 g s, and

the short block mAw hgYe 8 kdHGUos fiotiPat THA f@ﬂ’ﬁ@?‘?ﬁ'g}’é‘ﬂ’@?at ion

illustrative and can be modified as needed. In general, the
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odulptonRafieHTIeNerativoe WHldsn Elfgehitatamineformation

gfrre ondenace between one or more of the twelve Ion‘g block
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apparatus has several cases o ransmlss n’in uplin ntrol ¢ els

et 08 by R eoREA ARSI BAR Ehd s a1 adskast taMsKWaNRKY, and
af s e REkRavergr et HFPrBFIBHOE KINACIK) And riocaph of

transmlss||on of both the C(%I and the ackno Ied eme nfor ation.

RO EAAS TR BOERY Fad b ssod s it "(E&u e tve
ek locky rbey@saemwetediwﬁhtheﬁblew@@lédgéﬁbnalﬂ the twelve

By ERLoR, AL (QSoBE L EFYVEIPIFKE M3t knowledgement
information, and/or (C) some of the twelve blocks mat
be associated with the CQl and the others may be
associated with the acknowledgement information. Even
in any of the cases, one factor is provided in each of
the twelve blocks, and a total of twelve factors (first
through twelfth factors) are provided in one TTI.

FIG. 5 1llustrates exemplary arrangements of
factors associated with long blocks (LBs). 1In the
illustrated (A), only the acknowledgement information
(ACK/NACK) 1s transmitted. 1In one embodiment, “1”s are
assigned to all the twelve factors for positive
acknowledgement (ACK), and “-1"s are assigned to all the
twelve factors for negative acknowledgement (NACK). 1In
FIG. 5, a combination of factors “1”s and “-1"s 1s
illustrated for another example of the negative
acknowledgement (NACK). These specific values for the
factors are simply i1llustrative, and any other values
for the factors can be used as long as the twelve factors
for the positive acknowledgement are differentiated 1n
total from the twelve factors for the negative
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be associated with the CQI and the others may be associated with the
acknowledgement information. Even in any of the cases, one factor is
provided in each of the twelve blocks, and a total of twelve factors (first
20 through twelfth factors) are provided in one TTI. FIG. 5 illustrates
exemplary arrangements of factors associated with long blocks (LBs). In
the illustrated (A), only the acknowledgement information (ACK/NACK) is

HaRHOHA% dy enraeRodilpsh | 1the! "a@iﬁ%ﬂﬂ"&@'d@ A& HEe MG Irmation

factors for positive acknowledgement (ACK), and "-1"s are assigned to all

e fvdlRbabBNG ol ifive Wﬁﬁﬁﬁaﬁﬁerﬁ’ml&@ﬁ) Gedigesfactors
aodbinatioref feetore’'dénared’-T'ls is ikustratecbfpeafetbarcaxampld of some

E}ﬁ rbegﬂhve 3{0 ack W&H%@?ﬁ#}f%@ Jpgﬁee%pée 'ﬁﬁ%{ g° fPI’th? each

ors are S|mply illustrative, an her values fo rs can be

03dtPds DhPASHEXGERE factdis odriied pesibaddd@blRdghRIEANAEK may

géfeteniated &h il #om the dpelve Bstostive thened#ids Jfactors such
acknowledgement. Also, the acknowledgement mforgaton does not hav

B0 Teprebatedif the fwend dactobNaRk g é&%@&ﬁ’oﬁ%f NACK
meye eetatd. ﬁrfemmatemtlmidmfrﬂsnA@lé/NA\Gﬂrhnay be wliffecargiatddlan two

gag GFe S °“i ‘Fﬁé?geﬁh hid ‘&B%feé‘%bf’d&% WN?% ;E?V?t one
erentlate rom eac er In two Tactors suc +1, +

THCtipdthd SerbisRindifts, doxfmﬁrr\@ktmy@e l@ﬁf@\«@matee%nﬁéuthNACK
PIRShinters, Nan Huq facos. mp%b@w@@m delariibaAigndatision,

e 10 factor is used. to differenti en ACK and N
R ESNBRVES IR ARAS, FEEERRS phasP HEMGERP ieed to
tbcfofe sendferbly Used we eliffefdiiaterinb tWeePKACK Fand BN, the
FUdiSr8€are not timited to “+1” and “-1” and may be any
other complex numbers. Note that the factors “+1” and
“-1” are advantageous iIn that simple sign inversion is
enabled. This is why the same factor can be multiplied
with all chips of a certain CAZAC code sequence as
described below.

In the case where a base station has
misidentified ACK as NACK, an unnecessary packet may be
potentially retransmitted to the user apparatus. On the
other hand, in the case where the base station has
misidentified NACK as ACK, the user apparatus potentially
cannot receive a packet necessary for packet combination,
which may lead to packet loss and/or degrade quality
significantly through the improper packet combination
of new packets. Therefore, ACK/NACK patterns as
represented in one or more factors are preferably set
to prevent more significant misidentification of NACK
as ACK.

In the i1llustrated (B), only the CQIl 1is
transmitted. 1In the i1llustration, the CQI 1s
represented in five bits, and it is assumed that the
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factors are not limited to "+1" and "-1" and may be any 15 other complex
numbers. Note that the factors "+1" and "-1" are advantageous in that
simple sign inversion is enabled. This is why the same factor can be
multiplied with all chips of a certain CAZAC code sequence as described
below. 20 In the case where a base station has misidentified ACK as
NACK, an unnecessary packet may be potentially retransmitted to the
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5. In the illustration, one signed to transmit upper bits more ]
a:ed ARG fotey e 1BleIakS - TR fothsigdifvmstit dgnificant bit
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ffarying drastically.

In the 1llustrated (C), the acknowledgement
information (ACK/NACK) and the CQl are transmitted 1in
the same TTl from the same user. 1In the illustration,
three blocks are associated with the acknowledgement
information (ACK/NACK), and the remaining nine blocks
are associated with the CQI. Even in the case where the
same user transmits the acknowledgement information
(ACK/NACK) and the CQIl, 1T several TTls are available,
the schemes (A) and (B) may be used. Also, when the
channel condition becomes worse, for example, when a user
moves from the cell center to the cell edge, the user
may stop reporting the CQl and supply only feedback of
ACK/NACK. Information items to be transmitted in uplink
control channels may be modified as needed, for example,
through signaling from an upper layer.

In this manner, the block-wise modulation
pattern generation unit 306 in FIG. 3 provides one factor
for each of the twelve blocks and accordingly provides
twelve factors (first factor through twelfth factor) in
total for one TTI.

The block-wise modulation unit 308 in FIG. 3
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some errors occur, the CQI values can be prevented from varying
drastically. In the illustrated (C), the acknowledgement 15 information
(ACK/NACK) and the CQI are transmitted in the same Il from the same
user. In the illustration, three blocks are associated with the
acknowledgement information (ACK/NACK), and the remaining nine
blocks are associated with the CQI. Even in the case where the 20 same

HeAr €PPTTES N RekopfeIgeEALHIorMFHI AGKBAHSS aBFthe cazAc
CQl, if several TTls are available, the schemes (A) and (B) may be used.
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are described below.

The discrete Fourier transform (DFT) unit 310
performs discrete Fourier transform to convert
time-series information into frequency domain
information.

The subcarrier mapping unit 312 performs
mapping in the frequency domains. |In particular, if a
frequency division multiplexing (FDM) scheme i1s used to
multiplex multiple user apparatuses, the subcarrier
mapping unit 312 maps signals to a band assigned 1n the
frequency setting unit 336. The FDM scheme includes two
types of FDM schemes, that is, a localized FDM scheme
and a distributed FDM scheme. 1In the localized FDM
scheme, successive bands on the frequency axis are
assigned to an individual user. 1In the distributed FDM
scheme, downlink signals are generated to have multiple
discontinuous frequency components distributed across
a wide band (a dedicated band Fgg2, to uplink control
channels).

The i1nverse fast Fourier transform (I1FFT)
unit 314 performs inverse Fourier transform to inversely
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10 an informational sequence transmitted in one lll. The CAZAC code
sequence commonly used for all the blocks is an orthogonal code
sequence assigned in a residing cell to identify the user apparatus, and
some characteristics are described below. 15 The discrete Fourier
transform (DFT) unit 310 performs discrete Fourier transform to convert
time-series information into frequency domain information. The subcarrier

EBRDIBY N B &g DYFHEDS fAFPPIRG Kiba Bequepey ¢amaingdhain

particular, if a frequency division multiplexing (FDM) scheme is used to
mlapRkSnultiple user apparatuses, the subcarrier mapping unit 312
maps signals toehzanchas$igoeg ndifa Xregoencygetihgemt B36. Theit 316
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altarmelsa ddesrtaetsedast Fourier transform (IFFT) unit 314 performs
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Ragatigndslay apd sorpy difprenges, ol ieqgRiop Sminos beeen, o tion
in FIG. 4.

The RF transmission circuit 320 performs
digital-analog conversion, frequency conversion, band
limiting and/or others to transmit the transmission
symbols in a radio frequency.

The power amplifier 322 adjusts transmission
power .

The duplexer 324 splits iInto transmission
signals and reception signals for simultaneous
communication.

The code information identification unit 330
identifies code information including a CAZAC code
sequence (sequence number) for use in the user apparatus,
a cyclic shift amount of the CAZAC code sequence and
transmission band related information. The code
information may be derived from broadcast information
supplied via broadcast channels or transmitted from a
base station separately. Such separate transmission may
be performed through signaling from an upper layer such
as a L3 control channel. As described in the second
embodiment below, the code i1nformation identification
unit 330 determines which orthogonal code sequence is
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at a base station. The multiplexing unit 318 multiplexes the 10 information
into a pilot channel to generate transmission symbols. The pilot channel
is transmitted in short blocks (SB1, SB2) illustrated as the frame
configuration in FIG. 4. The RF transmission circuit 320 performs 15
digital-analog conversion, frequency conversion, band limiting and/or
others to transmit the transmission symbols in a radio frequency. The

PN TP IALUUYR FaBIMipaet 1WA bEIe YPIRXRHTHY code)

splits into transmission signals and reception signals for simultaneous
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gﬁtgrrgia Wlillﬁthglilp] pglncode sequence is 18 represented by a set
0 r

factors (block spreading code) multiplied with multiple blocks. The
CAZAC code génefdiion AR 832 gdiveraEs V@ /RWAd cb&d S¥¥uence in

accordance witiha sgquRISE PHEEEN Prepesified @), thp€ops iRfeenatien. that
a certain CAZAC code A has L in code length. For
convenience, it is assumed that the code length
corresponds to a duration of L samples or L chips, but
this assumption is not essential to the present invention.
A sequence of A samples (illustrated in a shaded
portion) including an end or L-th sample of a CAZAC code
A is shifted to the head of the CAZAC code A, resulting
in another code B as i1llustrated in the lower portion
of FIG. 6. In this case, the CAZAC codes A and B are
mutually orthogonal with respectto A (A =0, .., (L-1)).
In other words, a certain CAZAC code and a code resulting
from cyclical shift of that CAZAC code will be mutually
orthogonal. Thus, 1T one CAZAC code sequence of the code
length L is provided, a set of L mutually orthogonal codes
can be theoretically provided. A certain CAZAC code A
Is not orthogonal to another CAZAC code C that cannot
be obtained through cyclic shift of the CAZAC code A.
However, the cross-correlation value between the CAZAC
code A and a random code not being any CAZAC code may
be significantly greater than that between the CAZAC code
A and the CAZAC code C. Thus, the CAZAC code may be
preferred from the viewpoint of reduction in the
cross-correlation (interference) between codes being
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The cyclic shift unit 334 derives other codes by rearranging the CAZAC
code sequence in a cyclic manner in accordance with the cyclic shift
amount specified in the code information. 10 CAZAC codes are
overviewed below. As illustrated in FIG. 6, it is assumed that a certain
CAZAC code A has L in code length. For convenience, it is assumed that
the code length corresponds to a duration of L samples or L chips, but 15

Hgsta%mgqr]'? Nee§6g Rl Ja the present invention. A sequence of A
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RS R SR R A vser
apqegadoiskancag aEDEeIAZAG addesahavimgutual orthogonality
relationship even under multipath propagation
environments. The CAZAC codes are described in detail
in D.C.Chu, *“Polyphase codes with good periodic
correlation properties”, IEEE Trans. Inform. Theory,
vol.IT-18, pp-. 531-532, July 1972; 3GPP, R1-050822, and
Texas Instruments, “On allocation of uplink sub-channels
in EUTRA SC-FDMA”, for example.

The frequency setting unit 336 1n FIG. 3
indicates which frequency each user apparatus uses if
the FDM scheme i1s applied to uplink control channels from
multiple user apparatuses.

The pilot signal generation unit 338 supplies
a pilot channel to be included in an uplink control
channel. As mentioned above, the pilot channel is
transmitted in short blocks (SB1, SB2) illustrated in
the frame configuration in FIG. 4. The pilot channel is
also arranged in any CAZAC code assigned to each user
apparatus. The CAZAC code for the pilot channel may be
specified by a sequence number and a cyclic shift amount.
In general, the long block and the short block have
different lengths, different durations or different
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the above-mentioned characteristic, that is, a set of 5 code sequences
derived by cyclically shifting a certain CAZAC code. In this embodiment,
L/Lo codes obtained by cyclically shifting a basic CAZAC code in a set of
L mutually orthogonal codes by A ( A=nXLA and n=0, 1, ,..., (L-1)/L,,)
are actually used as a pilot channel of a mobile 10 station. The value of Lo
is determined based on the amount of multipath propagation delay. In this

AANBE r SIPHAK eaniokchagnels #irngMited Arprondiyidealdisefn the long
apparatuses can properly maintain mutual orthogonality relationship even

BAGS i itiSitn PREDRHOFAS er@ifhrentNThE A dobofk may be
gesraibed wldetpil ovd dedhu, "Wolyphtbatoddsewilageod periodipparatus
| leg'] | : |.iT+18. pp.
IR S AR AN FHEHoptd LR, shere nay
BRoE6E of ik Eat sk ineReADNg €U THYIe SCAZANIACT Istesampland Cs.

Ebe frequansy é?ttiﬁg BB/ B 8n @d@iatﬁi% hisg f’ﬁ%flrl‘fdee@di n the
Eu:ser apparatus uses it the FDM scheme is applied to uplink control
Rannels from multiple user apparatuses. 25 The pilot signal generation

unit 338 supplieB 1&pilol chdrinestbrizetiedudebiase uptisitdantrohpparatus

B T R e i 4 Fpe i on

bitot th&nnel isBodidl@embed Mlanyl RIAC EsRPEERRed br&deht 704,
HSHe 2RRPEILR EGAVEAG sedenet ierilghdennelananbe speciiedirier
B AEtTE U R e S ey ReReR B 710,
differenc 20" nuraiverd ehealpps agd thustt CAZAC aodarelginetheYongomain
equalization unit 714, an inverse discrete Fourier
transform (IDFT) unit 716, a demodulation unit 718, a
retransmission control unit 720, a scheduler 722 and a
code information setting unit 724 are i1llustrated.

The duplexer 702 splits iInto transmission
signals and reception signals for simultaneous
communication.

The RF reception circuit 704 performs
digital-analog conversion, frequency conversion, band
limiting and/or others for processing reception symbols
In a baseband.

The reception timing estimation unit 706
identifies a reception timing based on a synchronization
channel or a pilot channel in a reception signal.

The fast Fourier transform (FFT) unit 708
performs Fourier transform and converts time-series
information into frequency domain information.

The channel estimation unit 710 estimates
uplink channel condition based on reception condition
of an uplink pilot channel and supplies information for
channel compensation.
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block (LB) and a CAZAC code CS in the short block may be separately
provided. Note that the same user apparatus uses both the short block
and the long block, there may 5 be some relationship between the CAZAC
codes C. and Cs. For example, a portion of the C. may be included in the
Cs. FIG. 7 illustrates a base station apparatus according to one
embodiment of the present invention. 10 In FIG. 7 a duplexer 702, a RF

reception circuit404, & [ASERYQPFIHNG] gﬁ%@n nit 9% afast Fﬁ)élpqio rms

transform_(FFT) unit 708, a channel estimation unit 710, a subcarrier

Hsﬂﬂaﬁpﬂdd‘gnuﬂﬁzfﬁ?r‘éa&é}ﬁy dBRER BcTuansz'rﬁuﬁtpﬂ'&a&rf on is
mverSe dmcet@ Boures 6 rddsfgrmt GDRAPYItE 61 a dtrhedwatmumn cy

Goihts [SUepRPRSPRATR) TR ARGATCRLIP2 00 4
orma tlng unit ustrate e duplexer s n o
transm|SS|on sigheds irfc%@@;ﬁtm sHpRR Kor semumhea@stchn unit 714

@P?@Fﬁ%m%hTBqRE&%?@HW%WHFQEQﬁQ?@W”§|@ﬁ&i@nﬂﬁged on
sion, fre uenC)éconverQ n band limiting and/or others for
&?ﬁ; gd@ﬁ §2Bol¥ad Y8Rseband. 25 The reception timing

estlmatlon unit 70te identibesa rddeptioe tmifrg baseellotransftorm (IDFT)

@Wrof‘izé‘“f%%m ;%@j of g‘lﬂg Sh]f ?er?ceLpPB SPBYn TS Pst

ourler trans unlt 8 perrorm ourier trans orm and converts
aPBMefsd a0 i en TS AeQRAYy donal hfsrhéfisd sThento time
goanaphestimgtian gnit 710 estimates uplink channel condition based on

recepton o oL AR B SR L P B R aon
reception signals. 1In this embodiment, uplink control
channels are demodulated, and the CQIl for downlink
channels and/or acknowledgement information (ACK/NACK)
to downlink data channels are supplied.

The retransmission control unit 720 provides
a new packet or a retransmission packet corresponding
to the acknowledgement information (ACK/NACK).

The scheduler 722 determines assignment of
downlink resources based on the CQI for downlinks and/or
other criteria. Also, the scheduler 722 determines
assignment ofuplink resources based on reception results
of pilot channels transmitted from user apparatuses
and/or other criteria. The determined assignment 1is
supplied as scheduling information. The scheduling
information specifies a frequency, a duration, a
transmission format (data modulation scheme, channel
coding rate and/or others) for signal transmission.

Based on the assignment determined by the
scheduler 722, the code information setting unit 724
specifies code information including a sequence number
indicative of an uplink CAZAC code for use In a user
apparatus, a cyclic shift amount, an available frequency
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21 The subcarrier demapping unit 712 performs demapping in frequency
domains. This operation is performed corresponding to mapping in the
frequency domains performed by individual user apparatuses. 5 The
frequency domain equalization unit 714 performs equalization on
reception signals based on channel estimation values. The inverse
discrete Fourier transform (IDFT) unit 716 performs inverse Fourier

HandoAR o olP SHWEFEON Ofrihg TERpENEN FORARSIYIRH AYOdE€ommon 1y

domain signals. The demodulation unit 718 demodulates reception

LhARSMA Hhe dmb8aihBe:, Hpifk cBRIPG T GHEHRES a?é'(?erﬁbro%ﬁa‘?ébas't
ahdatheeﬂcsl fonrdoivrdinic 2% eldbninets vl o addnpwisslgementuser

KPP CIINACI) g dopaln 42t hegely e Uil TRy cha

ansmission control uni O provides a new |bac etorar nsmission

packet ErRISpaidy akthe seRibviedk@dHRhyintbemhatth (BOK/IGRdK).

10 FOe sehefyler ?%%dﬁﬁ%“iﬂ%fissmmﬁﬁhﬁuéowfﬁﬁlé I0¢ESM the
gased n the C%ipr downlinks and/or other criteria. Also, the scheduler

258 ‘éﬁﬁﬁe A4MA&R P aplink resources based on reception
results of pilot ¢hh@neld tiahbongteddroesusar agparedtses 25adtrding to

&‘Sr%ﬁ‘rﬁﬁr ﬁr‘ﬂ%ﬁ’%te '”‘Eﬂ% ?WH%%HF FRPIRE #B AChediing 1 i

ormatlon e sche uling INTto mation SpeCIerS airequency, a duratlon
QW#@S@O%%&’(G&Q m@RN&ibA bckane dakadnatikynate lating

ﬁ@d/gqqth@rg)afpr algpal Faesiesion 830t3a§ﬁ§rﬁ’i'ﬂiﬁe@55mm?ﬁbadcast

termined by th}_re S hecﬁl 722, the code information settin ht 724 Fiv
SPALS Lode iAo RRiRFs SHRAER himiberun s que by derives
code information specific to itself from the broadcast
information. The general code information may include
an information item indicating that N CAZAC code
sequences (C#1, C#2, .., C#N) are used iIn a cell, an
information item indicating that M cyclic shift amounts
(0, L,, .., (M=1)XL,) are possible for each sequence, an
information i1tem indicating that the FDM scheme is used
and F bands (Bwl, Bw2, .., BwWF) are available, and/or other
information items, for example.

At step B1l, the base station apparatus
performs downlink scheduling to transmit a downlink
control channel (L1/L2 control channel), a downlink data
channel and a pilot channel to a user apparatus.

At step M1, the user apparatus identifies
information (code information for that user apparatus)
on codes for use 1n an uplink control channel based on
information in the downlink control channel.

FIG. 9 illustrates an exemplary
identification for i1dentifying the code information
available in step M1. For simplicity, two CAZAC code
sequences (C#1, C#2) are provided. Also, three cyclic
shift amounts (0, L,, 2L,) are provided for each of the

23



10

15

20

25

30

indicative of an uplink CAZAC code for use in a user apparatus, a cyclic
shift amount, an available frequency 22 band and/or others. The code
information maybe commonly transmitted to the user apparatuses via
broadcast channels or indicated individually to the user apparatuses. In
the former case, it is required that 5 each user apparatus can uniquely
derive the code information for the user apparatus itself from the

brogdeant Bdormalipa G § Hlugiaiga b PR BUHRCCRIIND IO B are
embodiment of the present invention. In this 10 exemplary operation,

B&ERfdIdRde infOHRIBH Fagthg- ot k¥eafaraised Tl #ansHHedd in
apadeast Lehasnats f-able otith€ fisereappieatieses unithelyaelevisdu esdare

] tio ifi ijself fro b C informatio er
B T O R ARk A B AR Dt ues
CAY ABecode esbquences (C#l, C#2, ..., C#N) are used in a cell, an

i)r(lior)mation itebﬁlﬁiﬁfi%@% that M QYQU%émftfaﬁ]@&ﬁtéji@sk%dhe%%lt%a?

,,).are possible for each sequence, an information item indicating tha
BRI OB WRRE Bo o £ Bands (BAD U LBk &E SPPAratus
atsiabiE, asdsp ethef iefdrmatiandiems ] fon kxarhgle2 At step Bd, khehannel .
base station appata rfepmns li edyli rapsmi -
downlink contr(%\aghgni[le (Lﬁg; C(()Ir?tyr%)r} &Ea%?nhelfﬂﬁ\fvgn |rL?kg draatgggrm 1nes
WhaeEdndt il ehdrHaN®HustY Bppdrafisi At StEgREede ddean 3. 1T

tRRATakBddaNiifiest ibermpsion deque-information for¢hat usseaPRAPEPatus
ancodesjoruse11anUBanconUo channel ase%gﬁiwﬁ nnaﬂoninthe

ShAIR EBRrol e S PR S MBI ST &&ihpid e cyclic shift

amount (P-1) XL, and the band Bwl are assigned. On the
other hand, 1T the assignment number is greater than 3,
the process control proceeds to step S3.

At step S3, the user apparatus determines
whether the assignment number P is greater than 6. |IFf
the determination is NO (P=4, 5, 6), the user apparatus
determines that the sequence number C#1, the cyclic shift
amount (P-4) XL, and the band Bw2 are assigned. On the
other hand, 1f the assignment number i1s greater than 6,
the process control proceeds to step S4.

At step S4, the user apparatus determines
whether the assignment number P is greater than 9. |IT
the determination is NO (P=7, 8, 9), the user apparatus
determines that the sequence number C#2, the cyclic shift
amount (P-7) XL, and the band Bwl are assigned. On the
other hand, i1f the assignment number is greater than 9
(P=10, 11, 12), the user apparatus determines that the
sequence number C#2, the cyclic shift amount (P-10) XL

» and the band Bw2 are assigned.
FIG. 10 illustrates exemplary CAZAC codes,

cyclic shift amounts and bands resulting from execution
of the flowchart in FIG. 9. As illustrated, user
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identification for identifying the code information available in step Ni. For
simplicity, two CAZAC code sequences (C#1, C#2) are provided. Also,
three cyclic shift amounts (0, Lo, 2Lo) are provided for each of the 23
sequences. Also, two available bands (Bwl, Bw2) are provided.
Accordingly, twelve (2X3X2=12) user apparatuses can be differentiated.
These values are simply illustrative, and any other appropriate values 5

APy PPAEES Y SIHASIFR FST FPPEIMIEIEKS 37 asSOPERNMEThA th a

P (=1, 2, ..., 12) for the user apparatus itself as specified in a downlink
EPHS Y TAhT Ul EA X oy DY Parak RS Fidhe same
ChEher tedssignmenhagnberl AP istgreatan thieer3.dff thesdateapipaticntuses

' 2= , b atu termines ce

B Y e e A e Care
a8signetiu f Hid e¥Rd hdmd, FnietAssigriddmd nunska s §leates &g TAZAC
éathe t@r@ad%f?rﬁ@et!ol Wﬁ@ﬁfgstﬁﬁ étqm‘#ﬁ-ﬁ?&aﬁesbﬁégaﬁﬁqri edthto each
apparatus determines wnetne e assignment number P IS greater n

S ARE G AN e RS . 018, HUREr M stee ALGARIHEL both
tae tleDdéquedce hemBBNCE T, eéha ppdi¢ sHift 2hemayn [R-datli candf the

[ h - if the assi n

el e s NS s ek S g A SR
USS apPRRA KBS MThed Nehdibd P A SR R@RBdMDis ghgaterumber

SN s Er2a gisatetar o FNOJdBR 7 be W iFFEsReRaredd under a
e LRSe Sequenee Tt e QA ene cou
assigrichent RDMberdb greasey teemther CAZAC code sequence is
provided, and these user apparatuses are multiplexed in
accordance with the CDM and/or the FDM schemes. It 1s
assumed that N CAZAC code sequences (C#1, C#2, .., C#N)
are used within a cell, M cyclic shift amounts (0O, L,,
., (M=1) XL,) are provided for each of the sequences, the
FDM scheme i1s applied, and F bands (Bwl, Bw2, .., BwF)
are available. Under these assumptions, a sequence
number of the CAZAC code i1s represented as an integer
resulting from rounding up of (P/(MXF)). The ((P-(n-1)
X(MXF))/M)-th band 1s used. The cyclic shift amount 1s
represented as a product of L, and (P-((n-1)X(MX
F))-(f-1) XM=P mod M).

In the embodiment 1llustrated iIn conjunction
with FIGS. 9 and 10, when assignment number or user
multiplexing order exceeds three, another band Bw2
starts to be used. On the other hand, even i1If the user
multiplexing order is greater than three and less than
or equal to six, the same band Bwl may be used and another
CAZAC code sequence C#2 may be instead used. The CAZAC
codes C#1 and C#2 have the relationship that they cannot
be derived from each other through cyclic shift and are
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(P=10, 11, 12), the user apparatus determines that the 30 sequence
number C#2, the cyclic shift amount (P-10)X L o and the band Bw2 are
assigned. FIG. 10 illustrates exemplary CAZAC codes, cyclic shift
amounts and bands resulting from execution of the flowchart in FIG. 9. As
illustrated, user 24 apparatuses are first multiplexed in accordance with a
code division multiplexing (CDM) scheme under the same CAZAC code

AeAVERGEUEHE PUBPEh gﬁﬁhﬁlp.paréws%ﬁhé‘dg'ﬁﬂ'éar”yh%f?ﬁ%ﬁse’éht@eCAZAC

user apparatuses are 5 code-multiplexed.in another band under the same

eagRe Lode HRbefde2ThaY ?nee‘cﬁﬁl's%ﬁéﬁﬁs agpliest&rprglation
trelavailable bands. In other words, although both the CDM and the FDM

are applied, the fﬁpﬁﬁaitg’%f e PD%'Sé’rf’}ﬁlexeﬁg{?'gﬂe{‘w"ég{cw user

the case where 10 user app aratuseé are mul exceed
AbRB&RSUSeE apppRudatendtichhed dﬁrecp@ht’afe@ Lmﬁ@ﬁai Gagidin

FAEOEnRET SRAUENEE TRccasiay W@h%eﬁﬁ*ﬂrﬁ{&ﬁh%ﬁDM The
fEJ-ueme,s ano herC ZAC code sea!:ence is §rowded and these user

&é?&th?ése eRARERIPMB RS hAcE LR 31 &BRCadfoting CAZAC
EDVesgenmsalt so assumidd 382 N CAZACyambecesjnefdes(Cit, €22, the

%ﬁahr% pr§</|§ 3 itk ﬁi‘{}/' el iy [ﬁ\f dr;Pme éwa]l)

or eath e sequences, the
ﬁﬁ@@ﬂWbM%‘(Bﬁ/ﬁ%wn FB&F) 80 are available. Under these

assumptions, a Agqueep numbphofthe CAZACede irsepreappasatus
e DR R R O e g
prmll:ctdﬁ!ao and ér-((ar)X (MXizb B)-(fal) Xd&femod M)t irothemay be
PERYGDER! HHSURR I ERYWICH@ Redundancy Check) scheme, for
example. Alternatively, the error determination may be
realized in any other appropriate error detection schemes
as well known in the art. The user apparatus determines
which of a positive response (ACK) indicative of no error
(or it an error occurs, the error i1s acceptable) and a
negative response (NACK) indicative of the presence of
an error is to be replied for each packet. The
acknowledgement information is configured from the
positive response (ACK) and the negative response (NACK).

At step M3, the user apparatus measures
reception quality of adownlink pilot channel and derives
the CQI through conversion the measured reception quality
into a numerical value within a certain range. For
example, 1T the reception quality i1s represented in 32
levels, the CQIl represented in 5 bits can be derived
through conversion of the current reception quality such
as SIR 1nto a numerical value Indicating which level the
reception quality belongs to.

Steps M2 and M3 are not necessarily performed
in that order. The determination of the acknowledgement
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with FIGS. 9 and 10, when assignment number or user multiplexing order
exceeds three, another band Bw2 starts to be used. On the other hand,
even if the user 30 multiplexing order is greater than three and less than
or equal to six, the same band Bwl may be used and another CAZAC
code sequence C#2 may be instead used. The CAZAC codes C#l and
C#2 have the relationship that they cannot be derived from each other

VRGO E IoTITad &R 23Rl SRl REthedeNgh ©ndba OlgYy be

hand, the CAZAC codes C#l_.and C#2 have a relatively cross-correlation
pRRd 8 B makn@ o de b ARk n te R add ts apparatus can be
identified from tetbrotdgaskdnforaratiop kit kheasaignméniohfarmatibni s

entif . fon 1 . A
e T e PR Y LIRE B PR o S SR gement
Bad andnehE brot s 40yekaratiodl ukin 38 IFI® X e skpagostation.
KiG rfe HEiUsgeaPRAIVE de@idinet véRthgs schnsgkatar a dawpliktern

data channel includes an error. This error determination r%]a be realized h
FENEREYEDDiI U ANE/ Crreck) BAHREI R 187%a %Fe’.‘or or eac
afem2tibdiyp dkes eandddtbungnatiohlmpy be irdalized ifacstothsr (First to

'{‘R@i’ﬁfﬁefér8rt%‘?l§5“°ﬂr?°9§@§i ForeLinayrrn fhe ag,, the,ys ore of

apparatus determines “which of a positive resg%nse (ACK) indicative of n

ther Wrsrbneerbretarns ieoraseadeebti®lcq aknavbedgament
iasperseaPeiC)didieatveces fhe presenemafi Ak erenie e e cerliee & may

RS ERE B G A Rt LR (RIACR) B daliais, 4 and

fhe uden appaatyslmeadirtesfirst long block (LB1) is generated
by multiplying the first factor across one (cyclically
shifted) CAZAC code sequence assigned to the user
apparatus. The second long block (LB2) is generated by
multiplying the second factor with the same CAZAC code
sequence. Similarly, the K-th long block (LBK) 1is
generated by multiplying the k-th factor with the same
CAZAC code sequence. In this manner, a frame for the
uplink control channel 1s configured to have the twelve
long blocks.

The uplink control channel generated as
mentioned above is transmitted from the user apparatus
to the base station iIn a dedicated band.

At step B2, the base station apparatus
receives and demodulates the uplink control channels from
multiple user apparatuses. Although the user
apparatuses transmit the similar uplink control channels,
the user apparatuses may use CAZAC code sequences of
different cyclic shift amounts, different bands or
different CAZAC code sequences. As mentioned above,
only one factor is totally multiplied with the CAZAC code
sequence for different long blocks, and thus the base
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25 reception quality of a downlink pilot channel and derives the CQI
through conversion the measured reception quality into a numerical value
within a certain range. For example, if the reception quality is represented
in 32 levels, the CQI represented in 5 bits can be derived 30 through
conversion of the current reception quality such as SIR into a numerical
value indicating which level the reception quality belongs to. Steps M2

2 VPoHe RPINIFaTaFElY REHORRRA ¥HBALBIG nkheBfePdlatioRDhne s

the acknowleqrgement 26 information and the measurement of the CQI
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Asntzolrobsoriet is teeemtachtogracheald tye belwik ohtrt®@AZAC codes with
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or more of 10 the twelve factors represent the acknogvledgement

RS 5ERe cAV el ddink BRI ERQFRIAAy Gace thedRiiss are
ageahentdnt as diestratpp ardGss d sindah fae edarfiflertbe tisitomd at an

. Sséanda
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A R R e PP el DA R R usec
tmaririeeiswohfigked tnave the tvaeivee bagbiockkhe respective user
apparatuses.

At step B3, the base station apparatus
performs retransmission control, resource assignment
and/or other operations based on the acknowledgement
information (ACK/NACK) and/or the CQl transmitted from
the user apparatus in the uplink control channel.

[Second Embodiment]

FIG. 11 is a block diagram illustrating a user
apparatus using block spreading codes according to the
second embodiment of the present invention. The
illustrated user apparatus is the almost same as the user
apparatus in FIG. 3, but they differ in utilization of
a block spreading code (BLS). The user apparatus in FIG.
11 includes a block spread unit 335. The block spread
unit 335 provides a set of a predefined number of factors
(block spreading codes), each of which ismultiplied with
each long block (LB). The block spreading code is an
orthogonal code sequence, and information supplied from
the code Information i1dentification unit 330 specifies
which orthogonal code sequence is used.
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The uplink control channel generated as mentioned above is transmitted
from the user apparatus 25 to the base station in a dedicated band. At
step B2, the base station apparatus receives and demodulates the uplink
control channels from multiple user apparatuses. Although the user
apparatuses transmit the similar uplink control channels, 30 the user
apparatuses may use CAZAC code sequences of different cyclic shift

amounts, differgnj Bandsor; iP5 LE4CCUIeeRIRRIEFoASapparatus

mentioned above, only one factor is totally multiplied with the CAZAC

&I e EREK o7 RIFRAE g BRIRS oRE GAANE HadkP2 At SicRE cond
appasatis eart addrthehplipaesénitchiinvels tdcaived fTore theluses trated

A : ity b
TR I, RS LS B A S e base
8424k be MaARRIAE@ Bng tHUY thd Base/statmtapbheyuscbhfer in

aeippaalissRagFe bk GRAe BTG LelcaRmIayses Frenbase
IT NON-ortnogona codaes are used, e usera par uses can pe
ST AP AF ALUS A Ened Bl Brah Geh AR LT aRLA QR frode

addiborm deiltasd sEtidi eparatys whn déteblioe lcogfentsaad imey code s
g@@ t informati (oL t y Eﬁpx e figst

t rougvk\éﬁgﬁt fgctlot[)gr‘s ﬂ??%%ﬂ%%li?}?&%rgl cﬁ%ﬁgs or tEeérrs a_ CAZAC

fagectRB UM aFparausHC L3 At stap BB Madasd sneh appapxtad 1able

PeréQnerieyansamgsion control, resource assignment and/or other

e o & TR, MO AT g ror
ahdmesROuser apparatus UE1l and a second user apparatus
UE2 without multiplication of block spreading codes.
Although the first and second user apparatuses use a
certain CAZAC code sequence (CAZAC1l), the first and the
second user apparatuses use different cyclic shift
amounts A . Accordingly, two subframes transmitted from
the user apparatuses are mutually orthogonal. “Mod.a”
represents data, that is, a multiplier factor, modulated
into the first long block for the first user apparatus
UE1l. “Mod.a” to “Mod.f” correspond to the first to sixth
factors (or the seventh to eighth factors) for the first
user apparatus UE1. “Mod.u” to “Mod.z” correspond to the
first to sixth factors (or the seventh to eighth factors)
for the second user apparatus UE2.

FIG. 14 illustrates one example where block
spreading codes are multiplied with individual long
blocks for the first and second user apparatuses UEL,
UE2. In the illustrated example, a certain factor is
provided for each of the long blocks for the user
apparatuses (in addition to modulation data). This
factor constitutes a block spreading code (BLSC), and
as enclosed in dashed boxes in the illustration,
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[Second Embodiment] FIG. 11 is a block diagram illustrating a user
apparatus using block spreading codes according to the second
embodiment of the present invention. The 25 illustrated user apparatus is
the almost same as the user apparatus in FIG. 3, but they differ in
utilization of a block spreading code (BLS) . The user apparatus in FIG.
11 includes a block spread unit 335. The block spread unit 335 provides a

854N Sgbefigiingd auwbe of iagtorn dO(Rlock srearingGseFHeRPI¥F the

which is multiplied with each long block {LB). The block spreading code is
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 Lotil) %F%R@%@iﬁﬁ%%@%&tﬁﬁ ﬁﬁaiyl theyrdifier inif a set of
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apreadigg dote) ibesed thogbas b imtmmmmhkaaemsmcamm ratuses,

fﬁéf\? ]é) é‘ﬁg‘ée%‘ T’oarCyEH%S*ﬂJEé?‘oagﬁf’aa@@@%aﬁ&%n be made
requency strates exemplary rames for a first user
apidraee 'UEI aM&‘d Lecoma LdaddphRgust e 2akikbaganadithvored the

blegh epeadiag codre €& AHWHIR iNefirgiandhIrsere uﬁarlapp@ﬁwam ith
use a cerhﬁ n CAZAC co esequen%e CAZACI) the first and the seco

186 QR e TS Bl ek The.SaTe ATTEANES ol " the
sUdfremtasat@dmétedfobe, the first and second factors for

the first user apparatus UE1l are commonly *“Mod.a”, the
third and fourth factors are commonly “Mod.b”, and the
fifth and sixth factors are commonly “Mod.c”. Similarly,
the first and second factors for the second user apparatus
UE2 are commonly “Mod.x”, the third and fourth factors
are commonly “Mod.y”, and the fTifth and sixth factors
are commonly “Mod.z”. For this reason, a limited amount
of information can be carried in the first and twelfth
factors, but since a relatively smaller number of bits
are required to represent ACK/NACK and/or others as
mentioned In conjunction with FIG. 5, this restriction
iIs not crucial.

Since the block spreading codes (1, 1) and (1,
-1) can be used to differentiate the first and second
user apparatuses UE1l and UE2, the same shift amount for
the CAZAC codes may be used for the First and second user
apparatuses. In other words, it IS unnecessary to use
different cyclic shift amounts A. For convenience,
factors multiplied with long blocks have been described,
but some factors may be multiplied with short blocks
(SBs).
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the user apparatuses are mutually orthogonal. "Mod.a" 20 represents
data, that is, a multiplier factor, modulated into the first long block for the
first user apparatus UEL . "Mod. a" to "Mod. f* correspond to the first to
sixth factors (or the seventh to eighth factors) for the first user apparatus
UEI. "Mod.u" to "Mod. z" correspond to the 25 first to sixth factors (or the
seventh to eighth factors) for the second user apparatus UE2. FIG. 14

lllustrates one exqpleshqre PIRCK repreading eRSPRFS MHHIPARG Wk Nt of

individual long blocks for the first and second user apparatuses UE1, 30
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feseedivaly. *%m%ﬁ%m?d?mel@QWIBMﬁMFQﬁEﬁeWPQW Bha¥ code
long as the same facjor (v Iueg r% multiplied with 5 one ohTore ong
BOOAE DO IAC TR P BAGAGRG e Ry BB HGinBhREKS - and the
bihragoraatity. Shosnidasseef dqpas anlipdaed vath eacldaffifie sevetalated .
blocks are arran ed':ti)é)g 01@0%?[ bgwe%%g‘ﬁ#isgrrl%)p@ WSeSf the

e ma

individual codes for the user apparatuses can ade 10 orthogona i
Ahtd Ramiading Hecathbgensify sf thengAhabeabass atsta hhado four is

MEpieditecks anultinliecewiils enesethaaens! Federdvs) Rave e FRigl exed
contE]nt% In the iIIustr§ d example, the first and second factors for the
se

WAL Oset APBarkRRUER ARCHmAT MO dr, ek PP aTFbURES are
Gotbes aelcompd@ke'dlod. h'h atidh éhei ifflustorsitte daotoraael e, four

GPTROEYNNPA TR, +1, +1, +1), (+1, -1, +1, -1), (+1,
+1, -1, -1) and (+1, -1, -1, +1) are used. As mentioned
above, i1n subframes transmitted from user apparatuses,
the same data (for example, “Mod.a” for the first user
apparatus) has to be modulated in four blocks. 1In this
manner, the code length is not limited to two or four,
and orthogonal codes of any other appropriate lengths
may be used. The code length may be determined on the
base station apparatus depending on the number of user
apparatuses, bands and/or others, for example.

In FIG. 15 (3), an exemplary case of
transmission of the CQI is illustrated. Similar to the
case 1n FIG. 5 (B), individual bits for representing the
CQIl are i1llustrated as CQI1 through CQI5.

In this case, any appropriate orthogonal
codes may be used. As illustrated, components of the
orthogonal code may be “+1” and “-1" or may be represented
as a phase factor such as (1, 1, 1), (1, exp(2=/3),
exp(J4=x/3)), and (1, exp(J4=n7/3), exp(J2=x/3)).

According to this embodiment, a larger number
of orthogonal multiplexing orders can be achieved than
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the first and second factors for the second user apparatus UE2 are
commonly "Mod.x", the third and fourth factors are commonly "Mod.y",
and the fifth and sixth factors 20 are commonly "Mod.z". For this reason, a
limited amount of information can be carried in the first and twelfth
factors, but since a relatively smaller number of bits are required to
represent ACK/NACK and/or others as mentioned in conjunction with

Elfo e FTeeHCligh 22t BRLTUGHeRHECH heiGHGRRAdIRthasFegy c i c
(ﬁlﬁﬂlfj\)fand (1, -1) can be used to differentiate the first and second user
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BHARGEIMEOR oh JbS fi*ﬁb_@ﬁ@ﬁ dnelihded aﬁfﬁ |I?% SRIPBHNGT the FDM
codes. In FIG, 15);%1), a similar examplﬁ ﬁ‘?GFI . 14 is illustrated, and it is

E! Qthat W' ReK Y ilRrBRISY isales&RBe b HagirgT the
baoghitdrelithmadtomsi Eartiiennis FIGskS (), enuethtig@aticadeduce
' ipli h pair of S, t itst and second
F R o e A S emplary case
of the 10 orthogonal spreading code length being equal to four is

frostiated. im BisdGasenfeqr factors are multiplexed with four long blocks,

and four user a&pﬁ atu,flzé ar(jegcod -Fnuil:ti lexed. Inthre i(lallustrgteéj s usin
example, four orthogo d L(ﬂs- TATEP +al),U(§f, -1, Pff) a;rli, 9
block spreading codes according to the third embodiment
of the present invention. The illustrated user
apparatus differs from the user apparatus in FIG. 11 in
that the user apparatus in FIG. 16 can transmit several
bits to several tens of bits of information in one long
block. The user apparatus in FIG. 16 includes a
transmission data sequence generation unit 340 instead
of the block-wise modulation pattern generation unit.
Also, the 1llustrated user apparatus does not use CAZAC
sequences, and thus the CAZAC code generation unit 332
and the cyclic shift unit 334 are omitted.

The transmission data sequence generation
unit 338 generates a data sequence indicative of the
acknowledgement information (ACK/NACK) or the CQI.

The block-wise modulation unit 308 associates
a transmission data sequence supplied from the
transmission data sequence generation unit 340 with one
long block and multiplies each long block with an
orthogonal code sequence. Then, the block-wise
modulation unit 308 multiplies each of the long blocks
multiplied with the orthogonal code sequence with a set
of a predefined number of factors (block spreading codes)
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15 +1, -1, -1) and (+1, -1, -1, +1) are used. As mentioned above, in
subframes transmitted from user apparatuses, the same data (for
example, "Mod.a" for the first user apparatus) has to be modulated in four
blocks. In this manner, the code length is not limited to two or four, 20
and orthogonal codes of any other appropriate lengths may be used. The
code length may be determined on the base station apparatus depending

E'F’ FRIERPY T 4SBT GERISBISEBPANNT 81995 OHCIadACHPEWE- R 1 ow .

IG. 15 (3), an"exemplary case of 25 transmission of the CQI is illustrated.
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orthogonal code may be "+1"and - r may be represented as a phase
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RHEBEHEACARIGH, HBtldhiF EobiRP e Lheanll bt eh A hasanal code
absqbck spreadingexbdes. In the case where the CDM and FDM

schemes are u ogsther, [ e
available_mult[rjigi%tg o‘?‘rL ers',ivr\ﬁﬁc er}rﬁ‘gsye u%ﬂ%%éﬁ?&g%ng &8i3n of
Hoanieatbns talsctphpasiftioaRn et thantd i echbad. whsd) igs thogonal

Be%RibIe gnekriegoriag peihe tntiwitgh medideadions less frequent
and reduce invo%/eed con urgption of radio resou!ces. 10 [T

Embodimont] RS V8 AMBALE . SEVE LAY LagS Of Dits of data

sequence indicative of the acknowledgement information
(ACK/NACK) or the CQl, for example, “a;, az, .., an” (N
IS a positive integer), are generated. Also, an
orthogonal sequence “C;, C2, C3, C4, .., ay” (M is a positive
integer) is provided. For example, if the spreading rate
is equal to M, “C;, C», C3, .., Cy” is provided. An
exemplary case of the spreading rate of four is described
below, the present embodiment can be similarly applied
to other cases of the spreading rate other than four.

An orthogonal sequence is multiplied with a
data sequence. Inother words, multiplications “a;xXCy”,
“a1 XCy”, “arXCz”, “arXCys”, “azXxXCi”, .., “asXCys” are
carried out. Then, reordering is carried out for each
multiplied orthogonal sequence.

As a result, a number of blocks corresponding
to the spreading rate (spreading code sequence) are
generated where the orthogonal sequence is multiplied
with the data sequence. These blocks are mapped to long
blocks and then are multiplied with the block spreading
code.

In the user apparatuses according to the first
and second embodiments, only one bit of information can
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block spreading codes according to the third embodiment of the present
invention. The illustrated user 15 apparatus differs from the user
apparatus in FIG. 11 in that the user apparatus in FIG. 16 can transmit
several bits to several tens of bits of information in one long block. The
user apparatus in FIG. 16 includes a transmission data sequence
generation unit 340 instead 20 of the block-wise modulation pattern

BENRHAH Y 3P, #he dEiAIPE HgELARNMAIUS HRET AV itent,

sequences, and thus the CAZAC code generation unit 332 and the cyclic
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ock spreading codes) and multiplies each with each long
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tithogonaltted in one long block.

FIG. 18 1llustrates a base station apparatus
using block spreading codes according to the third
embodiment of the present invention. The 1llustrated
base station apparatus is the almost same as the base
station apparatus in FIG. 12, but they differ in that
the base station apparatus in FIG. 18 does not have to
set a sequence number indicative of a CAZAC code sequence
and a cyclic shift amount. 1In the base station apparatus
in FIG. 18, a code information setting unit 724 specifies
information (code information) indicating which
frequency band i1s available and what block spreading code
Is used.

Also 1n this embodiment, the block spreading
code can be used to differentiate user apparatuses. For
example, 1T the orthogonal spreading code length is equal
to four, four factors are multiplied with each four long
blocks. For example, if four user apparatuses are
code-multiplexed, four orthogonal codes (+1, +1, +1, +1),
(+1, -1, +1, -1), (+#1, +1, -1, -1) and (+1, -1, -1, +1)
are used. The code length 1s not limited to four, and
orthogonal codes of any other appropriate lengths may
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code sequences mapped to long blocks. Several bits to several tens of
bits of data sequence indicative of the acknowledgement information
(ACK/NACK) or the CQlI, for example, "a,, a2, ..., au" (N 15 is a positive
integer), are generated. Also, an orthogonal sequence "Cl, C2, C3, C4, ...,
a," (M is a positive integer) is provided. For example, if the spreading rate
is equal to M, "Cl, C2, C3, ..., CM" is provided. An exemplary case of the

pRregding ratered fou dzidegeEiRgd RO RalPVh e ees i PRRAJTERk8Nbase

be similarly applied to other cases of the spreading rate aother than four.
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sequence. These blocks are mapped to long blocks and then are

Ailtibhed with the bidck spRXBikd 2cBdE3 hrth8 XiBEddhpafatddes and (1,
esgo(qiagty thy firss xandjseeonad pmbodiments, only one bit of

information can [ [ I is (oe T t
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BrRvughipfoar paggarsmisaies ifermptiansh@an be transmitted than
the fTirst and second embodiments using cyclic shift
amounts for CAZAC sequences.

Also, user apparatuses can be differentiated
through orthogonal codes (block spreading codes)
multiplied among long blocks.

Also, orthogonal CDM is enabled through block
spreading for other sequences where the block spreading
iIs applied, for example, other sequences generated
through cyclic shift of CAZAC sequences as mentioned in
conjunction with the second embodiment.

For convenience, the present invention has
been described with reference to the distinct embodiments,
but separation of the embodiments is not essential to
the present invention and two or more of the embodiments
may be used together as needed. Some specific numerals
have been used to facilitate understanding of the present
invention, but unless otherwise noted, these numerals
are simply illustrative and any other appropriate values
may be used.

The present invention has been described with
reference to the specific embodiments of the present
invention, but the embodiments are simply i1illustrative
and variations, modifications, alterations and
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four bits, four bits can be transmitted in four long blocks, which may be
substantially the same as transmission of one bit of information in one
long block. However, in the case where the spreading rate is equal 10 to
four and transmission information has 12 bits, 12 bits can be transmitted
in four long blocks, which means that three bits of information can be
substantially transmitted in one long block. FIG. 18 illustrates a base
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embodiment of the present invention. The illustrated base station
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oparatus depeihg of (HESTLTHS! BPaobr A bAuSS oG8 BAGEr 1S
btheex] forexbapagese Priority Applications No. 2006-272352
filed on October 3, 2006, No. 2006-298313 filed on
November 1, 2006 and No. 2007-001855 filed on January
9, 2007, the entire contents of which are hereby
incorporated by reference.
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Note that any appropriate orthogonal codes 5 may be used. As illustrated,
code components may be "+1" and "-1" or may be represented as a
phase factor such as (1, 1, 1) (1, exp(j27¢/3), exp(j47¢/3)), and (1,
exp(j47c/3), exp(j27c/3)). According to this embodiment, the block 10
spreading codes are used for orthogonal CDM transmission, and thus a
larger number of bits can be transmitted than the first and second
embodiments using cyclic shift ameynisipg CAZAC sequences. Also,
user apparatuses can be differentiated 15 through orthogonal codes
(block spreading codes) multiplied among long blocks. Also, orthogonal
CDM is enabled through block spreading for other sequences where the
block spreading is applied, for example, other sequences generated 20
through cyclic shift of CAZAC sequences as mentioned in conjunction
with the second embodiment. For convenience, the present invention has

been dgscribed wjtmrqigr@waﬁbta%ﬂﬁtjgcmbwm@g&ﬁi $ 20 ng at least
separation of the embodLTe ts is not essential to 25 the present invention
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to a downlink data channel;

a channel condition generation unit
configured to generate channel condition information
indicating a downlink channel condition;

a control channel generation unit configured
to generate an uplink control channel including at least
one of the acknowledgement information and the channel
condition information; and

a transmission unit configured to transmit
the uplink control channel in a predefined dedicated band
1T no resource i1s assigned to transmit an uplink data
channel,

wherein the uplink control channel includes
one or more unit blocks 1ncluding a sequence resulting
from multiplication of a uniform factor with all chips
of an orthogonal code sequence for the user apparatus.

2. The user apparatus as claimed i1n claim 1,
wherein the orthogonal code sequence comprises a CAZAC
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art. For convenience of explanation, apparatuses according to the
embodiments of the present invention have been described with
reference to functional block 5 diagrams, but these apparatuses may be
implemented in hardware, software or combinations thereof. The present
invention is not limited to the above embodiments, and variations,
modifications, alterations and substitutions can be made by those skilled
A adeHwithqut deviating from the spirit of the present invention.
This international patent application is based on Japanese Priority
Applications No. 2006-272352 filed on October 3, 2006, No. 2006-298313
filed on 15 November 1, 2006 and No. 2007-001855 filed on January 9,
2007, the entire contents of which are hereby incorporated by reference.
36 CLAIMS 5 1. A user apparatus for transmitting at least an uplink
control channel to a base station apparatus in accordance with a

single-carrier schemep Meuset ApPPRFUSIGPIRIISINGI A4 ABd in claim 1,
\g knowledgement 1lnformatlon generatlon upit configured to generate
E‘R?w ' i

b gERENtiAGHtoROMAIEARTS postive Msponde or a

negative response to a downlink data channel; a channel condition
generation unit 15 configured to generate channel condition information
indicating a downlink channel condition; a control channel generation unit
configured to generate an uplink control channel including at least one of
the acknowledgement information and the channel

4. The user apparatus as claimed in claim 1,
wherein the acknowledgement information is represented
in a set of factors multiplied with the one or more unit
blocks.

5. The user apparatus as claimed in claim 4,
wherein the acknowledgement information i1s represented
in factors multiplied with some unit blocks of the unit
blocks, and the channel condition information 1s
represented in factors multiplied with other unit blocks
of the unit blocks.

6. The user apparatus as claimed in claim 1,
wherein individual bits for representing the channel
condition information are represented in a set of factors
multiplied with multiple unit blocks.
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20 condition information; and a transmission unit configured to transmit
the uplink control channel in a predefined dedicated band if no resource
is assigned to transmit an uplink data channel, 25 wherein the uplink
control channel includes one or more unit blocks including a sequence
resulting from multiplication of a uniform factor with all chips of an
orthogonal code sequence for the user apparatus. 30 2. The user
apparatus as claimed in claim 1, wherein the orthogonal code sequence
comprises a CAZAC 37 code sequence. 5 3. The user apparatus as
claimed in claim 1, wherein the factor comprises "+1" or "-1". 10 4. The
user apparatus as claimed in claim 1, wherein the acknowledgement

information is repre ed jnas tipli it eqn -
more unit 15 b(la(?ck;[e Q(% SqJ gﬁ?us@%a%’éé%?ug;Lagsé?:lgi?n%lmr% %‘Ta?r?w] 4(,Cg faim 6,
WerlethithetdtRnovidagénht ildr&iba ek e predanesb frediog to upper
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condition information is re resenteg)'m factors multiplied with other unit
BREXE SBBPHL Rt bRy RO YB'%S. Rd Gser apparatus as claimed in claim

1, wherein individual bits for representing the channel condition
information are represented in a set of factors multiplied with multiple unit
blocks. 38

8. The user apparatus as claimed in claim 1,
wherein correspondence between assignment information
of resources to uplink control channels and the
orthogonal code sequence is set to derive the orthogonal
code sequence uniquely from the assignment information.

9. The user apparatus as claimed i1n claim 8,
wherein the correspondence is set such that if user
multiplexing order i1s lower than or equal to a predefined
first value, a code division multiplexing scheme with
a first CAZAC code sequence is applied in a first band
within the dedicated band and if the user multiplexing
order is higher than the first value and lower than or
equal to a predefined second value, the code division
multiplexing scheme with the first CAZAC code sequence
iIs applied in a second band within the dedicated band.
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7. The user apparatus as claimed in claim 6, 5 wherein the number of unit
blocks corresponding to upper bits is greater than or equal to the number
of unit blocks corresponding to lower bits. 10 8. The user apparatus as
claimed in claim 1, wherein correspondence between assignment
information of resources to uplink control channels and the 15 orthogonal
code sequence is set to derive the orthogonal code sequence uniquely

from the assignmgnt mfpsmadien- gglgaﬂéq:g,%erﬁqgiaéq%@%clﬁﬁngq Him 9,

claim 8,_ wherein the correspondence is _set such that |f user multglexm
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multiplexing scheme with the second CAZAC code sequence is applied in
the 10 second band within the dedicated band. 15 11. The user
apparatus as claimed in claim 1,

11. The user apparatus as claimed in claim 1,
wherein the orthogonal code sequence is represented 1In
a set of factors multiplied with multiple unit blocks
having the same contents.

12. A method for use In a user apparatus for
transmitting at least an uplink control channel to a base
station apparatus in accordance with a single-carrier
scheme, the method comprising:

generating an uplink control channel
including at least one of acknowledgement information
and channel condition information, the acknowledgement
information indicating a positive response or a negative
response to a downlink data channel, the channel
condition information indicating a downlink channel
condition; and

transmitting the uplink control channel in a
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wherein the orthogonal code sequence is represented in a set of factors
multiplied with multiple unit blocks having the same contents. 20 12. A
method for use in a user apparatus for transmitting at least an uplink
control channel to a base 25 station apparatus in accordance with a
single-carrier scheme, the method comprising: generating an uplink
control channel including at least one of acknowledgement information

BPe ARAPPREPTHIEIRY FHYERIPANHePERABWIESgBTIPSY BT B8¥dhed to

Indicating a positive response or a hegative response to a downlink data

Lrahel iHe HAnHA 1ddMKitid R ForragdM Rllicating a downlink channel
con(_jition; and tmhemitthg] thel_eplmbi)nkolcrﬂ)lalm&b_ n @h@_rmedefihad ludes
gpdicy dﬁjS'}%'f i %S%‘i%ec'%SS%'ﬁ%%t SN URIRK datda gy 1 ting
channel, wherein lﬂwe uplink control channel'incltides oné€ or more unlfc'

Broers inoll&ihg hsegddee redulgnhg! B Kber mukipkdedisn B bnigdkh chips

BEA WD IHHS A fn eFb0deherdeseareicedrethgdiser apparatus.

apparatus. 10 13 . A base station apparatus for receiving at least an
uplink control channel from multiple user apparatuses in accordance with
a single-carrier scheme, the base station apparatus comprising: 15 an
extraction unit configured to extract at least one of acknowledgement
information and channel condition information from an uplink contro
channel, the acknowledgement information indicating a positive

response or a negative mpepensaiREI GV alplarERENaNAek receiving at
least an uplink control channel from multiple user
apparatuses in accordance with a single-carrier scheme,
the base station apparatus comprising:

an extraction unit configured to extract at
least one of acknowledgement information and channel
condition information from an uplink control channel,
the acknowledgement information indicating a positive
response or a negative response to a downlink data channel,
the channel condition information indicating a downlink
channel condition;

a scheduling unit configured to schedule a new
packet or a retransmission packet based on the channel
condition information and the acknowledgement
information; and

a transmission unit configured to transmit
the new packet or the retransmission packet in a downlink
data channel, wherein

the uplink control channel includes one or
more unit blocks including a sequence resulting from
multiplication of a uniform factor with all chips 1In an
orthogonal code sequence for the user apparatuses, and

the extraction unit i1s configured to i1dentify
contents of at least one of the acknowledgement
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20 the channel condition information indicating a downlink channel
condition; a scheduling unit configured to schedule a new packet or a
retransmission packet based on the channel condition information and
the acknowledgement 25 information; and a transmission unit configured
to transmit the new packet or the retransmission packet in a downlink
data channel, wherein the uplink control channel includes one or 30 more

FRFBIPAetIGHOiRgh S SRIHENER ErsHERY EBMaTHEBICHATE YA PER by
factor with all chips in an orthogonal_code sequence for the user
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at least one of the acknowledgement 41 information and the channel
condition information by determining factors multiplied with unit blocks. 5
14. The base station apparatus as claimed in claim 13, wherein the
orthogonal code sequence comprises a 10 CAZAC code sequence, and
the base station apparatus indicates orthogonal code sequences and
transmission bands tq mg ser apparatuses to apply a code divisio

[

multiplexing sciéme SECAEAC Lo BRARAE IS 3 BdAI Red in

whkhinm HEB( detieated mo an uplink control channel if user multiplexing

order is lower thag or gya| é%?% uqdefi %fi@%ﬂ%ﬁ@% &g&RBl}l e a

code division multiplexing scheme with the first e sequence
frel 8écofi@ BENSRIARIE BefdedRAthd band if the user 20 multiplexing

order is higher tiggpthedisd valee €9dn apparatus indicates
orthogonal code sequences and transmission bands to the
user apparatuses to apply a code division multiplexing
scheme with a first CAZAC code sequence in a first band
within a band dedicated to an uplink control channel if
user multiplexing order i1s lower than or equal to a
predefined first value and to apply the code division
multiplexing scheme with the first CAZAC code sequence
in a second band within the dedicated band i1t the user
multiplexing order is higher than the first value and
lower than or equal to a predefined second value.

15. The base station apparatus as claimed in
claim 14, wherein the base station apparatus indicates
orthogonal code sequences and transmission bands to the
user apparatuses to apply the code division multiplexing
scheme with a second CAZAC code sequence in the first
band within the dedicated band 1T the user multiplexing
order is higher than the second value and lower than or
equal to a predefined third value and to apply the code
division multiplexing scheme with the second CAZAC code
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lower than or equal to a predefined second value. 25 15. The base station
apparatus as claimed in claim 14, wherein the base station apparatus

indicates orthogonal code sequences and transmission bands to the user
apparatuses to apply the code division multiplexing 30 scheme with a

second CAZAC code sequence in the first band within the dedicated

band if the user multiplexing order is higher than the second value and

lowen Reor waueke aguedafined tird valieRid IR EE Fedted band
division multiplexing scheme with the second CAZAC code 42 sequence

hftnERecHRPEaMIEAR AR AN # thd 8% mdifidditge third

valku s higher than the third value 5 16. The base station apparatus as
claimed in claim 13, wherein the orthogonal code sequence in the 10 unit
blocks is used as a reference signal for one or more of channel

estimation, path search and synchronization detection. 15 17. The base

station apparatus as claimed in claim 13, wherein the orthogonal code
sequence is represented in a set of factors multiplied with multiple 20 unit
blocks having the same contents. 25 18. A method for use in a base

station apparata6for Téceibagat Isdst tihapliap pet@t cbaarzelclaimed In

89@%“@?,%@@@3@{%%& 8?&95%?#5& "hc%8‘89'§éC&UI$ﬁ ce in the
sch_eme, the met _O comprising. extracti g at east_one (6)
dedhbvid Qfelsfert S30 #R6kAsich Bed enmneecstition Infbehagsefem more

oF Whiak Aentrad shiannek itthackpawledgemeatin@raakmchronization

detection.

17. The base station apparatus as claimed in
claim 13, wherein the orthogonal code sequence is
represented In a set of factors multiplied with multiple
unit blocks having the same contents.

18. A method for use iIn a base station
apparatus for receiving at least an uplink control
channel frommultiple user apparatuses in accordance with
a single-carrier scheme, the method comprising:

extracting at least one of acknowledgement
information and channel condition information from an
uplink control channel, the acknowledgement information
indicating a positive response or a negative response
to a downlink data channel, the channel condition
information indicating a downlink channel condition;
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indicating a positive response or a negative response to a downlink data
channel, the channel condition information indicating a downlink channel
condition; 43 scheduling a new packet or a retransmission packet based
on the channel condition information and the acknowledgement
information; and transmitting the new packet or the 5 retransmission
packet in a downlink data channel, wherein the uplink control channel

includes one or JREE N PHAGKS INGRYING Acsestiente ESHERG HPBmission
multiplication of a uniform factor with all chips in an _orthogonal code

BaGERte RABRAUSRP afitFatGiaN 9k 16 LR End SiedtBRd 81 and
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FRIEHAEE N § SetheniPeedetoon g dowsd Bpfdatareheanzmhtngerein
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with a single-carrjer schere, the yser apparatus comprising: an . _
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at least one.of the acknowledgemgnt information and the channe
information comprises 1dentifying contents of at least
one of the acknowledgement information and the channel
condition information by determining factors multiplied

with unit blocks.

19. A user apparatus for transmitting at least
an uplink control channel to a base station apparatus
in accordance with a single-carrier scheme, the user
apparatus comprising:

an acknowledgement information generation
unit configured to generate acknowledgement information
indicative of a positive response or a negative response
to a downlink data channel;

a channel condition information generation
unit configured to generate channel condition
information indicative of a downlink channel condition;

a control channel generation unit configured
to generate an uplink control channel including at least
one of the acknowledgement information and the channel
condition information; and
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condition information; and 44 a transmission unit configured to transmit
the uplink control channel in a predefined dedicated band if no resource
is assigned to transmit an uplink data channel, wherein 5 the uplink
control channel includes multiple unit blocks of a predefined data size,
and an orthogonal code sequence is represented in a set of factors
multiplied with multiple unit blocks having the same contents. 10 20. A

method for use i §yseh SRR BLS LT U FANSHHIG Alledst 88 UpWdnsmi t

control channel to a base station apparatus in accordance with a

thgiaed ok LRGHE ARGHERBE Lohp ARG SHRELBRG Heshlimated band
gdntrod chaswel inckuding ah easigrmedf aoknondadgementinfoupdtionk data
(2,9] 3R gianr\ﬁh%o'ngiiiﬁn information, the acknowledgement information

Indicating d positive response or a negative response to a downlink data
channel, the chdirel Wohdifén aorkizedn ehacatiad aldowhidieshannktiple

Gmi%‘l 6’2&‘1(%_5 BW%iW%w%C%rﬁbc@ﬂﬂ@ in a_rmedeﬁned
dedicated band if no resource is %sa ned to transmit an uplink data
I

channel,whereiﬁrfhgmii i ﬂe?ﬁgﬂﬂggﬁldtﬁ)lgetmﬁeo?@&ged in
af & predefinefiadataosize, mnd 80 @b petioganthcode kegpdreecunit blocks

r tegl ff ltiplied with multiple unit blocks having
ﬁ?@?jﬁ% ec%%%er??:dqﬁg 2§5ﬁ€%rﬁggsthtion apparatus for receiving at

20. A method for use In a user apparatus for
transmitting at least an uplink control channel to a base
station apparatus iIn accordance with a single-carrier
scheme, the method comprising:

generating an uplink control channel
including at least one of acknowledgement information
and channel condition information, the acknowledgement
information indicating a positive response or a negative
response to a downlink data channel, the channel
condition information indicating a downlink channel
condition; and

transmitting the uplink control channel in a
predefined dedicated band 1T no resource is assigned to
transmit an uplink data channel, wherein

the uplink control channel Includes multiple
unit blocks of a predefined data size, and

an orthogonal code sequence is represented In
a set of factors multiplied with multiple unit blocks
having the same contents.
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least an uplink control channel from multiple user 5 apparatuses in

accordance with a single-carrier scheme, the base station apparatus
comprising: an extraction unit configured to extract at least one of
acknowledgement information and channel condition information from an
uplink control channel, 10 the acknowledgement information indicating a
positive response or a negative response to a downlink data channel, the
channel condition information indicating a downlink channel condition; a
scheduling unit configured to schedule a new 15 packet or a

retransmission packet based on the channel condition information and

the acknowledggmenAiniarsetobaariba tappasaitn snfiepnfigwed Wing at

‘ .
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PP ¢ AR tgast P8 S askwViedgIBAM 1 ink data channel ,

the channel condition information indicating a downlink
channel condition;

a scheduling unit configured to schedule a new
packet or a retransmission packet based on the channel
condition information and the acknowledgement
information; and

a transmission unit configured to transmit
the new packet or the retransmission packet in a downlink
data channel, wherein

the uplink control channel Includes multiple
unit blocks of a predefined data size,

an orthogonal code sequence is represented In
a set of factors multiplied with multiple unit blocks
having the same contents, and

the extraction unit i1s configured to 1dentify
contents of at least one of the acknowledgement
information and the channel condition information by
determining other factors multiplied with unit blocks.

22_. A method for use In a base station
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5 information and channel condition information from an uplink contro
channel, the acknowledgement information indicating a positive response
or a negative response to a downlink data channel, the channel condition
information indicating a downlink channel condition; 10 scheduling a new
packet or a retransmission packet based on the channel condition
information and the acknowledgement information; and transmitting the

APY RPEEL S 16 reFaRIISI Y PRk B ALOWANNK §AHq ARaSh tro |l

wherein 15 the uplink cantrol channel includes multiple "unit blocks of a
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transmitting the new packet or the
retransmission packet inadownlink data channel, wherein

the uplink control channel includes multiple
unit blocks of a predefined data size,

an orthogonal code sequence is represented In
a set of factors multiplied with multiple unit blocks
having the same contents, and

the extracting at least one of
acknowledgement information and channel condition
information comprises identifying contents of at least
one of the acknowledgement information and the channel
condition information by determining other factors
multiplied with unit blocks.

23. A user apparatus for transmitting at least
an uplink control channel to a base station apparatus
in accordance with a single-carrier scheme, the user
apparatus comprising:

an acknowledgement information generation

47



10

15

20

25

30

a control channel generation unit configured to generate an uplink control
channel including at least one of the acknowledgement information and
the channel 10 condition information; and a transmission unit configured
to transmit the uplink control channel in a predefined dedicated band if
no resource is assigned to transmit an uplink data channel, wherein 15
the uplink control channel includes multiple unit blocks of a predefined

HARE1E0 P PHNPERNA 6098 FEHAARSCHR KeGAPBIfgdhehetliti fafation

multiplied with multiple unit blocks having the same contents, and 20 the
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te contiolvohdimad. da24 A hathod Fgr use in a user apparatus for
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6%&ﬁh@l0de‘sﬁﬁ@lfﬁléﬁkﬂ@ocﬂ§ of a predefined data size,

a transmission unit configured to transmit
the uplink control channel 1n a predefined dedicated band
iIT no resource is assigned to transmit an uplink data
channel, wherein

the uplink control channel includes multiple
unit blocks of a predefined data size,

an orthogonal code sequence is represented In
a set of factors multiplied with multiple unit blocks
having the same contents, and

the unit blocks result from multiplication of
a spreading code sequence with the control channel.

24 . A method for use In a user apparatus for
transmitting at least an uplink control channel to a base
station apparatus iIn accordance with a single-carrier
scheme, the method comprising:

generating an uplink control channel
including at least one of acknowledgement information
and channel condition information, the acknowledgement
information indicating a positive response or a negative
response to a downlink data channel, the channel
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an orthogonal code sequence is represented in a set of factors multiplied
with multiple unit blocks 10 having the same contents, and the unit blocks
result from multiplication of a spreading code sequence with the control
channel. 15 25. A base station apparatus for receiving at least an uplink
control channel from multiple user apparatuses in accordance with a
single-carrier scheme, 20 the base station apparatus comprising: an
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is configured to {eatifihit blocks result from multiplication of
a spreading code sequence with the control channel.

25. A base station apparatus for receiving at
least an uplink control channel from multiple user
apparatuses in accordance with a single-carrier scheme,
the base station apparatus comprising:

an extraction unit configured to extract at
least one of acknowledgement information and channel
condition information from an uplink control channel,
the acknowledgement information indicating a positive
response or a negative response to a downlink data channel,
the channel condition information indicating a downlink
channel condition;

a scheduling unit configured to schedule a new
packet or a retransmission packet based on the channel
condition information and the acknowledgement
information; and

a transmission unit configured to transmit
the new packet or the retransmission packet in a downlink
data channel, wherein
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at least one of the acknowledgement information and the 10 channel
condition information by determining other factors multiplied with unit
blocks. 15 26. A method for use in a base station apparatus for receiving
at least an uplink control channel frommultiple user apparatuses in
accordance with a single-carrier scheme, the base method comprising:
20 extracting at least one of acknowledgement information and channel

condition informgHen fIigM@k UelHaGea¥oLsiamRe fithc tudes multiple

acknowledgement information indicating a positive response or a
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multiplied with unit blocks.

26. A method for use In a base station
apparatus for receiving at least an uplink control
channel frommultiple user apparatuses in accordance with
a single-carrier scheme, the base method comprising:

extracting at least one of acknowledgement
information and channel condition information from an
uplink control channel, the acknowledgement information
indicating a positive response or a negative response
to a downlink data channel, the channel condition
information indicating a downlink channel condition;

scheduling a new packet or a retransmission
packet based on the channel condition information and
the acknowledgement information; and

transmitting the new packet or the
retransmission packet inadownlink data channel, wherein

the uplink control channel includes multiple
unit blocks of a predefined data size,

an orthogonal code sequence i1s represented In
a set of factors multiplied with multiple unit blocks
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having the same contents,
the unit blocks result from multiplication of
a spreading code sequence with the control channel, and
the extracting at least one of
acknowledgement information and channel condition
information comprises identifying at least one of the
acknowledgement information and the channel condition

information by determining other factors multiplied with
unit blocks.

51





