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BACKGROUND OF THE I NVENTION 1. Field of the Invention
The present invention generally relates to a nobile
communi cation system More particularly, the present
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access scheme.

The LTE system uses a different Transport Format (TP) for UpLink
control information depending on data transmission or non-data transmission.
When data and control information are transmitted simultaneously on the UL,
they are multiplexed by Time Division Multiplexing (TDM). If only control
information is transmitted, a particular frequency band is allocated for the

control information.

FIG. 1 illustrates a transmission mechanism when only control
information is transmitted on the UL in a conventional LTE system. The
horizontal axis represents time and the vertical axis represents frequency. One
subframe 102 is defined in time and a Transmission (TX) bandwidth 120 is
defined in frequency.



defined in frequency.Referring to FIG 1, a basic UL
time transm ssion unit, subfranme 102 is Ins | ong and
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second control information (Control #2) is transmtted

in RU114 in first slot 104 and in RU 112 in second
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In general, the frequency band carrying control information is defined in
units of RUs. When a plurality of RUs is required, successive RUs are used to
satisfy a single carrier property. Frequency hopping can occur on a slot basis
when frequency diversity for one subframe is increased .

In FIG. 1, first control information (Control #1) is transmitted in RU 112
in a first slot 104 and in RU 114 in a second slot 106 by frequency hopping.
Meanwhile, second control information (Control #2) is transmitted in RU 114 in
first slot 104 and in RU 112 in second slot 106 by frequency hopping.
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LBs in order to increase reception performance and
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A ZC sequence with good PAPR characteristics has a circular auto-

correlation value of 0 with respect to a non-zero shift. Equation (1) below
describes the ZC sequence mathematically.
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where N is the length of the ZC sequence, p is the index of the ZC

sequence, and n denotes the index of a sample of the ZC sequence
(n=0,---,N—1). Because of the condition that p and N should be relatively
prime numbers, the number of sequence indexes p varies with the sequence
length N.For N=6, p=15. Hence, two ZC sequences are generated. If N

is a prime number, N -1 sequences are generated.



How control information froma user is distinguished
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the same cell, 1-bit control information from

different "UEs is identified by tinme-domain cyclic

shift values of a ZC sequenc®. The cyclic shift val ues
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denodul ati on of the control information. For

illustrative purposes, only one slot of the control ,
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sequence, " ZC #2 in the LBs and cyclically
shift ZC #2 by 0 226 and D 228 respectively, for user

L denplbflfiRb 18 F1d. 2, Histadd st UES WO att'986 (UE #1 and UE
#2) use the same ZC sequence, ZC #1 in LBs in a cell 202 (Cell A) and
cyclically shift ZC #1 by 0 208 and A 210 respectively, for user identification. In
the illustrated case of FIG. 2, to expand cell coverage, UE #1 and UE #2 each
generate a control channel signal by repeating the modulation symbol of

intended 1-bit UL control information six times, i.e. in six LBs and multiplying
the repeated symbols by the cyclically shifted ZC sequence, ZC #1 in each LB.
These control channel signals are kept orthogonal without interference between
UE #1 and UE #2 in view of the circular auto-correlation property of the ZC
sequence. A 210 is set to be larger than the maximum transmission delay of the
radio transmission path. Two SBs in each slot carry pilots for coherent
demodulation of the control information. For illustrative purposes, only one slot
of the control information is shown in FIG. 2.



correlation property of the ZC sequence, control
channel signals from UE #3 and UE #4 are kept
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control information transm ssion schenme, however,
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Another aspect of the present invention provides a method and apparatus
for further randomizing inter-cell interference by applying a cell-specific or UE-
specific random sequence to control information in a subframe.

A further aspect of the present invention provides a method and
apparatus for notifying a UE of a random sequence applied to control
information in a subframe by Layer 1/Layer 2 (L.1/L2) signaling.

Still another aspect- of the present invention provides a method and
apparatus for effectively receiving control information in a subframe without

inter-cell interference.



signal including the control information is conbined
with the cyclically shifted sequences on an SC- FDVA
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I n accordance with another aspect of the present
i nvention, there is provided_a nethod for receiving
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subframe, and a transmitter combines a control ‘channel signal including the

control information with the cyclically shifted sequences on an SC-FDMA
symbol basis and transmits the combined control channel signal.

In accordance with still another aspect of the present invention, there is
provided an apparatus for receiving control information in an SC-FDMA system,
in which a receiver receivies a control channel signal including control
information, and a control channel signal receiver cyclically shifts a conjugate
sequence of a sequence allocated for CDM of control information on an SC-
FDMA symbol basis by different cyclic shift values for different SC-FDMA
symbols in one of a slot and a subframe, and acquires the control information by
demultipleXihg the control channel signal using conjugate sequences of the
cyclically shifted sequences.



system in which a control channel signal generator
generates a control channel signal including control
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9 SRR Sﬁ ‘4 is a flowchart of an operation for
receiving control information in a Node B according to
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according to the present invention; FIGs. 6A and 6B
ccorBndPRY CHE Bt R ATe e e s Adyiiages f certain
ol ot o pe A eSant Lnvent Lo G '8’“‘*" FETET
fof 6t Rttt FeS BT Bk o ot o cBhhoyine

drawings, in which:

FIG. 1 illustrates a transmission mechanism for control information in a
conventional LTE system,;

FIG. 2 illustrates a transmission mechanism in which control information
from UEs is CDM-multiplexed; ’

FIG. 3 is a flowchart of an operation for transmitting control information
in a UE according to the present invention;

FIG. 4 is a flowchart of an operation for receiving control information in
a Node B according to the present invention;

FIG. 5 illustrates a transmission mechanism for control information
according to the present invention;

FIGs. 6A and 6B are block diagrams of a transmitter in the UE according
to the present invention;

FIGs. 7A and 7B are block diagrams of a receiver in the Node B
according to the preserit invention;

FIG. 8 illustrates a transmission mechanism for control information
according to the present invention;

FIG. 9 illustrates another transmission mechanism for control information
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10A and 10B are bl ock diagranms of a transmtter in the
M5 according to the present jnvention; FIGs. HA and HB
are block diagrans of a rec&ver in the Node B
accordi ng the present invention; FIGs. 12A and 12B
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The present invention will be described in the context of CDM
transmission of control information from a plurality of UEs in an SC-FDMA
cellular communication system. Yet, the present invention is also applicable to
multiplexing that does not share particular time-frequency resources, for
example, FDM or TDM transmission of the control information. CDM can be
one of various CDMA schemes including time-domain CDMA and frequency-
domain CDM.

For CDM, a ZC sequence is used, while any other code sequence with
similar characteristics is available. The control information is 1-bit control
information such as ACK/NACK. However, an inter-cell interference reduction
method of the present invention is also applicable to control information with a
plurality of bits such as a Channel Quality Indicator (CQI). In this case, each bit
of the control information is transmitted in one SC-FDMA symbol. The inter-cell
interference reduction method is also applicable to CDM transmission of



of the control information is transmtted in one

SC- FDVA synbol . The inter-cell interference reduction
woreaoRosk28@ al so applicable to CDM transm ssi onPCT/KR2008/000077

of different types of control information, for exanple,

1-bit control information and control information with

a plurality of bits. Inter-t€ll interference occurs

when UEs in adjacent cells transmt their control

ormati on us i fferent. ZC sequences of
aifropt Sk Bl AE R o Sty R roTurqhRhablon and
cohtréNiifoihatich Withtasplutdlity fof bgases Of the correl ations
bet ween sequences in LBs from UEs wi thin adjacent

cells are random zed while the circul ar
aut onfigtéetl aiteidereade occ@sswhon NEESIn @ﬂja@emoeells @ransrhit their

the, Z uence, ar tained, the
copfiob ATorBAEh BTl 2 egbeActs t lengt Tig M SE-RDMA
syfbols $.et MLBB&)emgunglmecmhmsmﬂum‘&s the LBs carrying
the control information for a subfrane at a receiver,

t hus decreasing the average interference power. In
accortdmaclﬁlaseé bf&hc otretivng eethedh nseqhedestineL Bk efsemt UEs

wighs; adingets GRT aed-paRgiet AlE 155 e e octeiath and

crmvwf@blﬂglﬁwfﬁbﬁ@f the %Clﬁﬁl@@mﬁhﬁé lnﬁalﬁfgllﬂdd \the Uphase of
se n e C ' ando

inlsEfeiog prebes G115 s FapgoRied BRORTARE 1B Wiring

acbmnhlwma@ﬁﬂfe ILB@ o%ﬁyﬁ@g wke centrohénfoandtion foraesubdranse at a
cel | -ﬂ&ecd'ﬁfi c..g_égﬁ i nte rferte e random zation is

TeGAY¢Th ETUS  4reTeey BGVEraeC MICHEENF RN r andom
sequence of phase val ues or cyclic shift val ues for

UE. Th ti ut,s forth.th
£ g R B S b RoPhnbl bk B nygation.
eaéh IUE gencratesetsoZCl @qgéﬂncd\bn ande]B dasid inya gybftahe a]idexpijﬁes a

rali?(ﬁﬁﬁ fs%ﬁﬁgﬂ% 1§ ‘}I%I%t g&?pliz%%t cﬁ'\ég :r%qlﬂpggnscggﬁc 2@3{1 VaRle to the
ZG sagusice ig' dacmLBm)hewkhy mﬂdodamtgeﬁxetb@ seqdexxceofl‘lﬂ:n the UE

channel carryi the control f ar mat uat i (2
g Bt D ahE PYotcraidiiel ZE g e rhdom
seWriceds be[lmped:lﬁ,c Ihe interfererite ﬂandoﬁ,lza,tloli-ls YustRgr incegased by

usg 88 aéﬁﬁlg ee%ﬁ?an%m sé:qu%plcé bf pﬁase va(fues or cyc?ic shﬁ? values for each

The present invention puts forth the following three methods. In the

following description, a ZC sequence of length N is denoted by g, (n). The ZC
sequence g,(n) is randomized over M LBs and control information is

multiplied by the randomized ZC sequence g',,,(n) where k denotes the

index of a channel carrying the control information.

Equation (2) describes the randomized ZC sequence according to Method



whi ch channel k carrying the control information is
identified. The cyclic shift value is preferably a

wao eve/ose@mi n cyclic shift value although it caPChER2008/000077
frequency-domain cyclic shift value. In equation (2),
nmod represents nodul o operatll on. For instance, A nod B
represents the remai nder of” Bt vi di ng A by B. SMnis an
ort hogonal code of Iength M being +ls or -1s. This
ort hogonal code I ere m denotes
the index of an (hy_\/\%i" h+t%12)erﬁ§(gﬁ2\r{%"' information is
mapped. |f the &mmlr 8l---i Mf or=@tli dn-,iN- Hepeat ed four
times in the slots of a subfranme, the chips of a Wl sh Q)

sequence of length 4 are nmultiplied one to one by thé

LBs \?'i]el%a% 8&?&&: gg@lbc‘:gﬂm %fdeomf ?%rent A4 gg@tﬁﬁﬁé by

for sléts i frame I's di
cell, thus random Z|ng inter-cell interference.

whigh |cha@rm\| kr gaapingthe controhinfprmatiainis identifipdit Tlaﬁwcwhc shift
vaé%scr fIgnged AR m Zeééiﬁe%yélﬁf sRAF Vatke aﬁﬁf&ghon & be a

sequence _accordin
ﬁq@lengjd-dgmagm ryaliy shit (vialue) rlgcnguatlgn J2)mmad  representyjmodulo

oprérzﬁlon For ?nst & A)m&ﬁ fgﬂ%s@nﬂcs'ﬂxé* BRhRdefof NARNEBY B.

ue that anges t ase of the ZC sequence gp (n)
in each LB. Inter cell interference is random zed by

i 11 Swants i duHqEoRah codgehdEBEW My DRREIN Qrerlss This

in LBs of a subfrane. Equation (4) descri bes t he
orihivgdadil ealt &dn be raumtsh afdeowﬁeneg ni odéviotdsothedindek iBf ail EB to

wlit@”h ail%goatrplaﬁéMﬂ:pew is,mapped. Tf 4he, g%flﬁgﬁ *ﬁﬁan@%%n {spepeated

folit figeAithe slots b€ asubliames theechils of af WalshGemenen of lagth 4

ort LT e 16, e DLISERS orReRhrfy ABC oMo i Walsh

se§idérices VEJruewo blots ifli tHeersabfranmendo r‘dlﬂemttd fomieacle yedll, c thus

if1. n for .o .. .
ran omfzn?ge Inter-ceil ﬂ]?el}feregce. For additional randomization, a different

combination of Walsh sequences can be used for each UE.

Equation (3) describes the randomized ZC sequence according to Method

2, (1)=g,((n+d, )mod N)-e’*,
(m=1,2-M, n=0,1,2--,N-1)

where ¢, denotes a random phase value that changes the phase of the

ZC sequence g,(n) in each LB. Inter-cell interference is randomized by using

different sets of random phase values, i.e. different random phase sequences

{4} for adjacent cells in LBs of a subframe.



adjacent cells in LBs of in a subfrane. Wile the

random cyclic shift values are used in the tine domain
wheqeose28¢ hey can be adapted to be used in thePCT/KR2008/000077

frequency domain. Referring to FIG 3, a UE receives

sequence informati on and random sequence information

froma Node B by signaling 'ilrl'step 302. The sequence

information is about a ZC sequence for use in

transm tting control jnformatjion, including the index

of t keuatons@h) depcribes e sandpmized £ $9UFRPYACCOR g adethod
3.random sequence information is used for random zi ng

t he ZC sequence, including a random phase sequence

bei ng a set of random phase val ues or a random

ti medomai n cycl ig, shimMt g lgdehcerpodVh set of random

time-domain cyclgc shift u foryapplication to
LBs of a subfrar‘e._fi'%’ s%ﬁ)él—i%’?}]gz’i S’]\lgp er-1layer (e.g.

L2) signaling or physical layer (LI) signaling. To..... 4)
random ze inter-cell interference, the random phase
sequwhere af, tdeaoteard canddmesydtineshift cxadiié that hélfanges the time-
sequence is different for each cell. For further

i nterference randonization, the randomrshase sequence
dospain gy clif SHYEIUGe dloPeihG 4G CRBCRGE @, (e i EAets L dniter-cell
al so be set to be different for each UE. In step 304,

intefferéficcds MRt dIRiZe8 DYt ushg diffGenBddioBf paitdoBPifiieadGmain cyclic
conpl ex-val ued nodulati on synbols (hereinafter,

shiforan@s, By ndidfesont tahdemt thaeatomaial cyclit shiftsequenceela, } for
nunber of the control synbols is equal to that of LBs

al | ocat.ed. f t ransm $si on t.he, control info tiaon
adfiseRt 8efpine s TR TRty Whle fuf Pidofy Al AR 1 les are
ustlf in tleatiae domamrhereianthey caybd adapted td be usedrie theofrequency
dthe al l ocated LBs by repetition. In step 306, the UE

Brates the zC sequence using the index and the
cyclic shift value included in the sequence

1 ORTR 0T 198 REESHE AL AN g foncom
seuereeondormation froms i Node 3| bynsignaling imistep 302.h#he sequence
GO 38 USOEE A0 3 e i N L Wmation,
incladihgmbieiindexd ofithenZCyseljienceharid a egtlie shiffivalue, amhthemandom
sl Padh i L5854 5 SBDRBAAL RS 5 el
randord gphagelseqscrice helieg 2Ges @ rendemgrhase vaBiesawi & random time-
donisiR c%%?fc i sequence being a set of random time-domain cyclic shift
values, for application to LBs of a subframe. The signaling is upper-layer (e.g.
L2) signaling or physical layer (L1) signaling. To randomize inter-cell
interference, the random phase sequence or the random time-domain cyclic shift
sequence is different for each cell. For further interference randomization, the
random phase sequence or the random time-domain cyclic shift sequence can
also be set to be different for each UE.

In step 304, the UE generates control information and generates
complex-valued modulation symbols (hereinafter, control symbols) using the
control information. The number of the control symbols is equal to that of LBs
allocated for transmission of the control information. For example, if the control



step 312, the UE mnultiplies the random zed ZC sequence
by the control synbols, maps the products to the LBs,
wanwsnsassni ts the mapped LBs. Referring to FIET/KR2G08800077

Node B acquires a correlation signal by correlating a
signal received froman int ?gded UE in a plurality of

LBs with a ZC sequence appliéed to the signal in step

402. In step 404, the Node B performs channel

naI recei ved from.the

stimati O ot
DS Bl B et s RATCEORES) b 46 (B, nomber of

théhn@@tedjgmg)ytﬂ@?eﬁﬁ@nnel estimate. The Node B acquires
control information by applying random val ues

corresponding to the UE to the channel - conpensat ed
cor rrnl §tep BV6S rtlﬁmlE génétﬁteb Bh& &0 Sequishcehising eidifides and the

cvEf AR Vil phiaal i Hhe SRaRGH o RO B e LB R R g gates

rafidin Wral@és a&mmgf tOhe adidom phase @e@.wmé QsrTitel eindbhatime-
dthe Nod ansmtted [o hhe "gg g t he above
omaaam g. Shguenseenciudedgn tgiapgdem seqiichss ipformafion in

dpB308.. The aan®inFRlYes jirebal Walsh s bame; rdfidémt phasei wdlues, or

t econtrol i.nf or for, transm
Sane st SF e shit g?ﬁl&mﬁﬁ%ﬁfa raadgm Y4uc 3ge different for
ea@lh Qiéﬂnéﬁd/of chble UBNdhe UBagendawseneendomizbe ZGrtdsqmance by

onaln cycl [ uence chan
applyén% el P ans 75 Siicare SRt LB Fasitit Sigp S10. In
|’t~l|’1k§i 3 B3mulliﬁ§$he&1 thé mmmh ed @(Izséeqﬂehca be Xhé h@lt[‘ol symbols,
conro an ing,the sa se e
mrthe Pepicts et debks Atg yRsE g bRt e, £
di fferent random phase sequences or randomti me-donai n
cyclic.shift s ences a on an LBbasi t he
cor | REGp I o T Mot | €5y BeSiisdelidhonignal by
cobfetatingnal @fgnfah Iréce@%d fronmren tintehted éﬂblm a pluralitgcfi pBaseith a
uence ra om tine | segyenc
7 $84cr epplife b6 B Tt T8 StRTF dBiien B0%the SREH FREforms
chuﬁleeltdsﬁnmrm drgii] pélot slg?ule{]wewe&rfmdlthem andperforms tchannel
exenpl ar 0|rre of .t £ es i nventi.on
cOFHESHER TBE RO BHAB ET) dfTen HE ARG e Ffate. The Node B
acﬁbif&@ir E:biilgolt infbirfratién byh@pilytmg fandoin &ahtes Cdorrespondmg to the
nf oy, mat ccurs 8 t one. su
U oyt chaeP e oRBs A TSt SeSiaborh 46 CB; Ra qgd thos
reﬁn@vmg random values from the channel—compensated correlation signal in
step 406. The random values corresponding to the UE are known from random
sequence information that the Node B transmitted to the UE.

In the above transmission and reception of control information, an LB
(i.e. an SC-FDMA symbol) is a basic unit to which the control information is
mapped for transmission. The ZC sequence is repeated in units of LBs and the
elements of the random phase sequence or the random time-domain cyclic shift
sequence change LB by LB.

In the case where a plurality of cells exist under the same Node B, UEs
within each cell multiplex their control channels using the same ZC sequence
and different time-domain cyclic shift values. If different random phase
sequences or random time-domain cyclic shift sequences are used on an LB



achi eve frequency diversity. If two SBs and the first

and | ast LBs carry pilots for channel estimation in
wW@2wRh/081284 , t he renmining LBs of the slot can PET/HRe@Ss/000077

for transmtting the control information. Wiile one RU

is used for transmitting thg control information

herein, a plurality of RUs an be used to support a

plurality of users. In a first slot, nodulation

nbol rr control information o
sl e rredts s b s B LhgEORA oL P2 IS0 0% e
thiﬂ’ésriiﬁdlfltlinh%ilt bthetdfor, ahagdoml piesd @e@liedce lwtafkaﬁdoﬁﬂmﬁOd’omam

| 42 Sl 43 Sl 4 S
orbBE i e et 45 st b B8 Pﬁa’gtﬁeﬂn%c%a&e ‘OF the Node B use
thekamt rgmgéﬁ_‘e@eal so multiplied by an orthogonal
code of |engt ( SI" 504 (=SI'" 41| Sr 42 Sr 43 Sr
44)) on an LB or SB basis. The use of orthogonal codes
can Eﬂﬂj‘oﬁﬁﬁ@nﬁl‘le nunber of nmultipl e-access users. For

exa for length rt onal codes e .

va K st prempey dinba@tesd ot fit Bitsesl To5aB6t dmplpwents
Method I desesibed e B4astion {2). be accommodated in the sanme

ti me-frequency resources, as conpared to non-use of

ort hogonal codes. In a second sl ot, the 1-bit control

i nf ORe&Irhﬁ t6 BEGr 5 fhewanid st ecnﬂrcimnfnﬂﬁahphimuimys gimes in

rt d 4, 506 S24 242 S243
o b and 15 subiset T8 Tregpisngy HAPPULE, 8 e Al ey B order to
achigveel fidq uedc divastsity. Ihogo SBs addbe tﬂrlstengi Tastil.B6 cSﬂi'yE;ﬁB)ts for

T4.1 T428T3ST4 B
ctgpel BERGIRN B G140, IGbrae TEBHEURE L1gy ST 165 B3R b, bed for
treﬁ@ﬁnttﬂigdthgléoﬁa%l timformatibl. Whike one Rmémasanr &rdfaﬁshﬁttmg the

ort ho codes,. the sho nultl |.es
coptro] ripPgatias hErdin Bl S0 R TS oA ditgrt 8 Ao PRt pBisaity
oftezach slot. If frequency hoppi ng does not take place
on a slot basis in the transm ssion nechani smof FIG
5, the control information may experience a negligibly
smal In & Hasedot, mahgetld)m symbalsesartying the §-bineorsigif inforenation

o AL, TRl RLRRETEL o i by o
oG} o 0GR GEE HELLSIT 51! AL P58 am LB b,

transmttlng t he control i nformati on in one subfrane.

Slgbdsi F)f‘égét Ble @bf“i‘ﬁé QRthBoRAlt ErioRal. TRIBHof Qed?fénce is also

slots of one subfrane is set for each

cell. to randomze inter-cell nt er er c. For
multiplied by an orthogona ode ff 4, ( SI' 504

(=sr1',,81',,81',,81',,)) on an LB or SB basis. The use of orthogonal codes

can increase the number of multiple-access users. For example, for length 4, four
orthogonal codes are available. The use of the four orthogonal codes enable four
times more users to be accommodated in the same time-frequency resources, as
compared to non-use of orthogonal codes.

In a second slot, the 1-bit control information occurs four times and is

multiplied by an orthogonal code of length 4, [S2 506 (=52,,52,,52,,52,,)]

on an LB basis. The pilot sequence is also multiplied by an orthogonal code of



exanple, for transmtting control information in the
slots, Cell A uses orthogonal codes {Sl1l, S2}
waemses28@ml |y and Cell B uses orthogonal codesP¢1BKR2008/000077
S4] sequentially. The orthogonal code conbi nation {S3,
S4} includes at |east one di%ferent ort hogonal code
fromthe orthogonal code conmbination {SI, S2}.
Referring to FIG 6A, the transmtter i ncl udes a
controller 610, a pilot generator 612, a control
lerglilaAnes2' SSQ&@#SQQHSQ@[; 60’652, , » coaml Beme$Btbasis616, a
Mul tipl exer (MJX) 7, aSerlaI-to Parallel (S/P)
converter 618, a Fast Fourier Transform (FFT)
processor 619, a mapper 620, an Inverse Fast Fourier '
Tr arBicoNod¢ IBZEfg)laB;th@d?al abdesl -S/0508erSA| 504/ 82 506, and

S Oﬁge Eél he (iéllesD"ﬁg %y&{%l %&B?é P?Qﬂi %?nggﬁloﬁ%(ge%(s’thélr lenrgths

shmddd:manuﬁﬁﬂes Gﬁ#pm&h@sS,amﬂh@gom eodes ohlengthad ede appligd to

cofP gt SPRUERLS o ks U TDRRE Ly 908 i i
traﬁﬂlﬁlspmvnwehamvmr af FIGofA; the controhmfopuatzen aray £xpéreence a
el LSRR RS Sy QA G ion
Thgrafereat mth@mahtso s reill ghaintrenedsigyenl tlg)@gbr theolerggtla, of the
rtﬁﬁ%@naq %9[3 soéxtgljr ed @G5 Jﬁ?%ﬁg a‘n fadeasge Bﬁfl@ﬁ&{a% R88es of

cont ro provi de of genetator-6
lengthiB canés @eé éqmmnmmgeshemtr@l mfﬁﬁrnamwow%ubfca

shi T4 d?ﬂélléﬁt E’?{mﬂ‘fﬂaﬁt}nt& cg'g{b%()ﬁ%fc@deg'tb% 4816 Ghe slots of

Contro St gnhal S assocCl at contro i nformati on
ong rruibftame tis et nfos stash eelk tpr mpdertize dnteseelointerfenisnes. For

exath féak sﬁh@ﬁ é&xtﬁﬂ %féﬁ‘ﬁﬁngﬁ REHIRE §1btsS é@ll M@%sq;izhogonal

t xes si g data si
codesnt 159) %}hasrmgpn%a Al oa do 25 isPopahpatalodedes ofS3. 57)
secﬁibﬁtlaﬂt t'ﬂhgflt{‘irrﬂ{dgbﬂﬁldﬁé@e c@ﬁitbu@alftiﬂ C{S?(S)ﬂ}n{iﬁlutﬁb odtaleast one
ener at.or a i i m i nf or,mat.i on
iR RBORg! SORPRUe rBREPRAILRLe FORURTE ISt er
610, for transmission in an LB or an SB. Mapper 620

maps the_ nul tipl exed signal to fre uency resources
accdkefering & E%GséAm DERHHRTHIC LtsiﬁSameomtr@g«ﬂe@kq, a pilot

geﬁ’érh@ﬁ fmzora édﬁtﬂﬂraiahﬁal §igRsl g'aﬂarétb@ 9180at dfh lg@he@id- 616, a
M P xR VRERDALY, & SaueLneralls) (¥bb SgarRian a8 a Foa Fourier
Tré?fsfé‘rﬁgoclﬂi CPHESesé st 6'-153/ §3§a§§&06Q0n9ad Clntfélfs@rFRdtl PBurier
Tr@@?q%@le BT ng 5! Efl IP%ra el- to erlaf ({’/SC} gorntvrf]:%%r %34 gg doer%hogonal
code generator 626, a multlpller 628, a Cyclic Prefix (CP) adder 630, and an
antenna 632. Components and an operation related to UL data transmission are

well known in the art and therefore, will not be described herein.

Controller 610 provides overall control to the operation of the transmitter
and generates control signals required for MUX 617, FFT processor 619, mapper
620, pilot generator 612, control channel signal generator 614, data generator
616, and orthogonal code generator 626. The control signal provided to pilot
generator 612 indicates a sequence index and a time-domain cyclic shift value
by which to generate a pilot sequence. Control signals associated with UL
control information and data transmission are provided to control channel signal



slots, received fromcontroller 610, and applies the

chi ps of the orthogonal codes to the control synbols
wotooshg228bnt rol channel signal nmapped to LBs aRCDK&209§/000077

to timng information received fromcontroller 610.

The orthogonal code information is provided to

controller 610 by Node B si déal ing. S/P converter 618

converts the nultipl exed signal from MJX 617 to

par aII nal s and des themto FFT processor
geggglto Jé‘i”?fgﬁ‘i?&?f‘ ‘?s(?olzée of FFT processor 619 varies

according to a control si gnal received fromcontroller

610. per. 620, s FF, rom FFT r,oces

o0 MRS ertpTp e plats Bndks ol Hghal ARYZoCoRA01 channel
sigfil Y&ddived ﬁ@nﬁpﬁ&ﬁ%&n&f&dﬂ@m atd gérddrator 616] amd ecbrgftﬂlcmannel

and P/S converter (5_4 serlallze.s the tine

Sigil SSeTEOT B34 SRRorBe; O RS SferdraiamyndiFgRg By contro

grbﬂ r@ée{i%?ﬂggﬂi ccﬁﬁﬂﬂlzb_r%qo,ef(ﬁ{t&dlsﬁﬁ@sib@ i Be Mot af §B: Mapper
ener at or

is, orthogonal code generator 62
CEPa DS BITRGNsPeRs B TgRgach sauters Braoniing G LB/SB
tnﬁfn mﬁkﬁﬂamim tdiall fredueneqr raflotitgore ofitfoahatioi oreveivedn from
ac;:;l)i)l IF@ to the timng information received from
bP1&r 610. CP adder 630 adds a CP to the si gnal
received fromnultiplier 628 to avoid inter- syrrbol

i ntegference an tra smtsthe n t hro
L1 andyHen S eiral B TSR oy i fyehosniea. bSO duta ceffBonal
coden géri?dr@tbr 6626 Ogerrém‘tbsf Cdrtlﬁig@lnah‘lcoﬁegnﬁirgEBet%soracﬁdﬁhng to
. g}e{pr%hat esn&a e se enc for ajt % jg ence |
S tgu cell-spgcills o UEsudprilie orgonopdl, Gred 9 B¢ 6ed for
sl(lﬁtS,C&lcﬁl@ed e eoseollexf @r(nmhdmpphas theeéhlps efthesmrtisogonal codes
ngt ce in troll
to g omed absle gt Him St bann el G st g e adetiding to
tirhiig Liﬁlforﬁqatmt rreteived o firont | Omtg@lmr &l dhe gethepehals code
ul ation troI i nformation
infpagiondp beiradeRontinller 8100y Mo BByt [ o
produce as many control symnbols as t he nunber of LBs
allo ed to th ontrol i,nfor
con ST Epnyesco1s, Sontds o Spiblo8s, Aeihl pfy MCRL7 to
pagslidl rsignaty ahd Ipsovides tieend €o YU pravessor GIY. [Thebimput/output size
roduci n control chann signal ., The .
of T, Brokessass1F FttoRec g i n, & i) sitfal received from
consretlemd10i Mapper 620t maps FFT signals from FFT processor 619 to
frequency resources. IFFT processor 622 converts the mapped frequency signals
to time signals and P/S converter 624 serializes the time signals. Multiplier 628
multiplies the serial time signal by the orthogonal codes generated from
orthogonal code generator 626. That is, orthogonal code generator 626 generates
orthogonal codes to be applied to the slots of a subframe that will carry the
control information according to the timing information received from controller
610.

CP adder 630 adds a CP to the signal received from multiplier 628 to
avoid inter-symbol interference and transmits the CP-added signal through

transmit antenna 632. .

Referring to FIG. 6B, a sequence generator 642 of control channel signal



channel signal by nultiplying the synbols output from

the repeater 643 by the ZC sequence. A nodified
wepdpsasazent of the present invention can be  PCT/KR2008/000077

contenplated by replacing the nmultiplier 646 with an

equi val ent device. Referring to FIG 7A, the receiver

i ncludes an antenna 710, a @P renover 712, an S/IP

converter 714, an FFT processor 716, a denapper 718,

an | FFT. processor 720, a P/ S onvert a
ZePEAPT ¢ bfgmrat(e SPEHENCE, OmPRONPIE: & ZR55Cengh OPAn LB
baSRamoalo $u, d6@henice @Rh¥Rfor G0, re’éeﬁﬂ&@@?@ie&éﬁhf&hﬂtioﬁ%ﬁd& as a
S an

ata denpdul at or and .decpder nent
seawrwsefeaeﬁbra@seoé?cmeeae winggx oralatcantfeléepﬁﬁneﬂ?ee sequence

inffthatioh Q¥RnbWn'!th Dot theaWedd Baimdthe®EW | | not be

described herein. Controller 726 provides overall

control to the operation of the receiver. It also
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Controller 726 provides overall control to the operation of the receiver. It
also generates control signals required for DEMUX 724, IFFT processor 720,
demapper 718, control channel signal receiver 728, channel estimator 730, and
data demodulator and decoder 732. Control signals related to UL control
information and data are provided to control channel signal receiver 728 and
data demodulator and decoder 732. A control channel signal indicating a
sequence index and a time-domain cyclic shift value is provided to channel
estimator 730. The sequence index and the time-domain cyclic shift value are
used to generate a pilot sequence allocated to the UE.
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from DEMUX 724 by the channel estimate and then acquires data transmitted by
the UE based on the control information.

When only control information is transmitted without data on the UL,
control channel signal receiver 728 acquires the control information in the
manner described with reference to FIG. 5.

Referring to FIG. 7B, control channel signal receiver 728 includes a
correlator 740 and a derandomizer 742. A sequence generator 744 of correlator
740 generates a code sequence, for example, a ZC sequence used for the UE to
generate 1-bit control information. To do s0, sequence generator 744 receives
sequence information indicating a sequence length and a sequence index from
controller 726. The sequence information is known to both the Node B and the
UE.
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bas, b1 & Ridifie A EROL B rigRf BRichBin Hhyfhaf] Sbmpensator

7Raishdibpbsedrbetwoen nindtiphiet 768 andfavcoatulator 768 While correlator

N TR o T R Ve
generdtbee 743 sefqwenetaton 1485 arde drthdgonal -cdde2 generator 754 of
derandomizer 742 can be incorporated into a single device depending on a
configuration method. For example, if correlator 740 is configured so that
sequence generator 744 generates a ZC sequence with an orthogonal code
applied on an LB basis for each UE, multiplier 758 and orthogonal code
generator 754 of derandomizer 742 are not used. Thus, a device equivalent to
that illustrated in FIG. 7B is achieved.

Embodiment 2

The second exemplary embodiment of the present invention implements
Method 2 described in Equation (3).

Referring to FIG. 8, one slot includes a total of 7 LBs and the fourth LB
carries a pilot signal in each slot. Hence, one subframe has 14 LBs in total, and 2
LBs are used for pilot transmission and 12 LBs for control information
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control to the operation of the transmtter and
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Referring to FIG. 9, one slot includes a total of 6 LBs and 2 SBs carrying

a pilot signal. Hence, one subframe has 12 LBs in total, and 4 LBs are used for
pilot transmission and 12 LBs for control information transmission. The same 1-
bit control information occurs 6 times in each slot, thus 12 times in one subframe.
For frequency diversity, frequency hopping is performed for the control
information on a slot basis.

Referring to FIG. 10A, the transmitter includes a controller 1010, a pilot
generator 1012, a control channel signal generator 1014, a data generator 1060, a
MUX 1017, an S/P converter 1018, an FFT processor 1019, a mapper 1020, an
IFFT 1022, a P/S converter 1024, a CP adder 1030, and an antenna 1032.
Components and an operation related to UL data transmission are well known in
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S/P converter 1018 converts the multiplexed signal from MUX 1017 to
parallel signals and provides them to FFT processor 1019. The input/output size
of FFT processor 1019 varies according to a control signal received from
controller 1010. Mapper 1020 maps FFT signals from FFT processor 1019 to
frequency resources. IFFT processor 1022 converts the mapped frequency
signals to time signals and P/S converter 1024 serializes the time signals. CP
adder 1030 adds a CP to the serial signal and transmits the CP-added signal
through transmit antenna 1032.

Referring to FIG. 10B, a sequence generator 1042 of control channel
signal generator 1014 generates a code sequence, for example, a ZC sequence to
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Referring to FIG. 11A, the receiver includes an antenna 1110, a CP
remover 1112, an S/P converter 1114, an FFT processor 1116, a demapper 1118,
an IFFT processor 1120, a P/S converter 1122, a DEMUX 1124, a controller
1126, a control channel signal réceiver 1128, a channel estimator 1130, and a
data demodulator and decoder 1132. Components and an operation associated
with UL data reception are well known in the art and therefore, will not be
described herein. |

Controller 1126 provides overall control to the operation of the receiver.
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Channel estimator 1130 acquires a channel estimate from the pilot signal
received from DEMUX 1124. Control channel signal receiver 1128 channel-
compensates the control channel signal received from DEMUX 1124 by the
channel estimate and acquires the control information transmitted by the UE.
Data demodulator and decoder 1132 channel-compensates the data signal
received from DEMUX 1124 by the channel estimate and then acquires data
transmitted by the UE based on the control information.

When only control information is transmitted without data on the UL,
control channel signal receiver 1128 acquires the control information in the
manner described with reference to FIGs. 8 and 9.
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ol 8nCPB b{E fikP nhﬁﬁf)lier 1046 of the transmitter, multiplier 1158 of
derandomizer 1142 can be replaced with a phase rotator that changes the phases

of the control channel signal on an LB basis according to the phase values 4,

or 4, ofthe random sequence received from sequence generator 1156.

An accumulator 1160 accumulates the signal received from multiplier
1158 for the number of LBs to which the 1-bit control information was
repeatedly mapped, thereby acquiring the 1-bit control information. The random
sequence information is signaled from the Node B to the UE so that both are

aware of the random sequence information.



sequence generator 1144 generates a ZC sequence to

whi ch a random sequence is applied for each UE,
woredosjogd28@r 1158 and random val ue gener at or 11PGI/ER2008/000077

derandom zer 1142 are not used. Thus, a device

equi valent to that ill ustraéﬁd in FIG HB is achieved.

In this case, like nultipli®r 1046 of the transmtter,

mul tiplier 1148 of correlator 1140 can be repl aced

with a ph otatqr that.changes the phases of the
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myBippge 14§ oot gomtelatort LFER coR i reflacedy Rafi8 e cheflOr that
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thexphgseanuluesbddj wgp) soc afd,bedj hpoenthet sequence received from
i nconbi nation. In the transm ssion mechani sm of FI G

Seﬁg‘?‘{@iﬁeﬁg{&&%ﬁ P@4l-bit control information are
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y ‘an"ort hogonal code and then by a random
phase sequence. As the random phase sequence is

[ ifi ' - lend f ' d
el A iTelenf AGE YAl ot Poh IRTRE RS U U further
ingreaseethe intevesatliioterferphcermantemizationd The déede Biignadls the phase

va%%u@féa%ﬂﬁﬁ}o ez}_cth i me-domai n cyclic shift value of a

Sequence i s cell-specific and

Aside from a random sequence as a phase sequence applied to 12 LBs
carrying 1-bit control information, an orthogonal phase sequence such as a
Fourier sequence can be used in the second exemplary embodiment of the
present invention. A Fourier sequence of length N is defined as Equation (5):

27dmn

fi)=e’ 7, (n=0,,N=1, k=0,--,N—1)

In Equation (5), a different cell-specific value & is set for each cell.
When phase rotation is performed on an LB basis using a different Fourier
sequence for each cell, there is no interference among cells if timing is

synchronized among the cells.

The first and second exemplary embodiments can be implemented in



changes in each LB that carries control information,

t hereby random zing intercell interference. To be nore
WGep@si$128) a cel | -specific cyclic shift val ue POI/KR2008/000077

applied to each LB is further applied in the tine

domain in addition to a cyclic shift value dk applied

to each of control channel s%hat are CDM nulti pl exed

in the same frequency resources within a cell. The

Node B signals the cel.l-specific cyclic shi val ue to
comengEon.Ho The/ FISRBIPR chegAnismotl G, 3 eBs o Sasbfing ol-bit
confrol %'iﬁ)?ﬁlahbﬁ%ré ﬁﬁllﬁﬁﬂédTBWaﬁeérWoglfnaﬁcé@@hﬂd then by a random

transm ssi on ra‘aordgra to keep the ?rt ho%onatlhl 1¥1

phgse spguetiees ety $fc SCQURICE ip el sspecitic ter-cell
interfcéd R iS Réduced. cel | -specific random ti me-domai n
cyclic shift value can also be applied to the pilot

signal. The Node B signals the randomti me-donai n
cycl Embodiment3l ue to the UE so that the random

time ma Cc shi f uen I's known.to hoth

oo BE i SRerBaRERBORITEN: §f APIRN Ghinipp mplements
ﬂﬁd@g@oﬁbkatiﬂljsqgﬁuan(@s and the fourth LB carries a
pilot signal in each slot. Hence, one subfrane has 14

LBs in total, and 2 LBs are used for pilot
: r anyht fiﬁhélﬂoﬁﬁih l&?cliogﬁugaialﬁ@ of ﬁéﬂ? isedniratis ell-specific and
ransmi ssi i le one sed.for transmttin
CHaBags B ooty bt eamies ool InfptpdedeisDapdpiniripg inter-
ceMSﬁﬁeﬁf@reﬁUQDWth@ nibrer gidciﬁc Oh desl;lesr;&cltﬁaegiem shift value Am

anplici g %@iﬁﬁ%hﬁ@%% ed Fp e tﬁf%@ér%%gﬁ% adif1i55 46 cyclic
shift aftiFo 7o HORGRE foreadhiat <t M sBAASthel s CHOVART R Riexed in

basis to random ze the control informati on. FIG 12B is ]
the saimeefré(prd:nvy mwfcd@lxﬁthih%celToTMOdﬂ IB siginels the cell-specific

cy?h ﬁg‘g%luﬁqgiﬂéeo JIUgEC I;I%;:eﬁ%llls clf dﬁ&(?l Cs%lh ’vailna SSS@{TF) be larger

thath she ednak insien ) deipp |ofes nadice sxansinissiem cpatln in amdemtq ekeep the
Lt e ntrol information from adjacent
oréﬁég%é;ﬁ@i %@F?ﬁq \é\%g{éflggpem fic timedomain cyclic shift
val ues 1202 to 1224 appl y to LBs. That is, the ZC

°0URGEa1 s AThlek R iherY e BLdet, Bkl PP Pime domain
cycht: IshlfReahlemaneilsmhe aaphedltzcsﬂlaapldiotmgmldﬁh@ﬁ\bdﬂ B signals the
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conveni ence requency i'sn
domain cyclic shift sequence is known to bot the ode B and the UE

Referring to FIG. 12A, one slot includes a total of 7 LBs and the fourth
LB carries a pilot signal in each slot. Hence, one subframe has 14 LBs in total,
and 2 LBs are used for pilot transmission and 12 LBs for control information
transmission. While one RU is used for transmitting control information herein,
a plurality of RUs can be used to support a plurality of users.

Random time-domain cyclic shift values applied to the 12 LBs of the ZC
sequence are A,,4,,--+,4, 1202 to 1224. The ZC sequence is cyclically shifted

by the random time-domain cyblic shift values 1202 to 1224 on an LB basis to
randomize the control information.



When a UE-specific tinme-domain cyclic shift is used
for additional random zation, the tine-domain cyclic

W@ kioBH082280 ues 1202 to 1224 indicate a UEspeci f PCT/KR2@8/000077
sequence and the conbination of dk and the time-domain
cyclic shift values 1202 to 1224 mmi ntains
orthogonal ity anong the con¥ol channels within the
same cell. FIG 13 illustrates another transm ssion
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is cyclically shifted in each LB by a tinme-domain
is ay controlséhiahhel aldex) iapphesieui each II_zBmkmd e raroloimiak interference
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in1th8 ¢edin d}ﬁf?ﬁme aumg‘elftsq 23 andi lZiStZr dentsten fisshand weaond slots,
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shooum. ugat e phase val ue of the randomti nmedomain cyclic
shift value of each LB and provides it to the
mul tiplier 1158. The first and third exenplary
enboWhesn tis Ubiaspdeéfic nmerdomain ¢yclicoshifhas iused fdraadditional

Hr T R E S 8 et o
R R b g FCGTGHELD 51,86 oman

the random cyclic shift sequence is different for each
cyclr| shifthealpes d202eta 1274 appigitaing orthpgopalityegmong the control

c}ﬁﬂﬂag%ﬂ{hlﬁt[g@ggl{q@c@gove description, the present

Invention advantageously reduces inter-cell
interference by applying a random phase or a cyclic

shi ffrgal e ﬁlﬁls?ﬁfé% +:Rﬁﬁer° ntrﬁls?ﬁkiloﬁasrhéclﬁhls‘?ﬂ ForEcontrol

basi's, when contro nformation fromdifferent
infarmations amprdum deethe thigdf examplage fapbedigenty et jthe epresent

mv&ﬁidne TG a R byalcwﬁif@%lu\é\@ldfea A k@il O 10$.Bs are

e T T 1) Wb o A cach L

byt @ﬁﬁﬁo(ﬁomhﬁled’yc@i%%hfﬁ W8lue in order to randomize control information.

A transmitter and a receiver according to the third exemplary
embodiment of the present invention are identical in configuration to those
illustrated in FIGs. 10A and 10B and FIGs. 11A and 11B, except that the
randomizer 1044 illustrated in FIG. 10B randomizes a ZC sequence with random
time-domain cyclic shifts on an LB basis and the random value generator 1156
illustrated in FIG. 11B calculates the conjugate phase value of the random time-
domain cyclic shift value of each LB and provides it to the multiplier 1158.

The first and third exemplary embodiments can be implemented in
combination. That is, in the transmission mechanism of FIG. 5, control
information is multiplied by an orthogonal code, and then additionally by a



exenpl ary applications. For exanple, the exenplary
enbodi nents of the present invention are applicable to

w@ 0uB/08d280 nf ormation with a plurality of bits BCURRa®s®a00077
CQ as well as 1-bit control information. Al so, a
random val ue for a code sequence used for control
information can be applied #Mi~a predeterm ned resource
bl ock basis as well as on an LB basis. Thus, it wll

be understogd by those skilled in the art .t ri
rapdm oS if ARREORUSHE S8 +B bsip Bl IHslaged i Fiint or B 13,
AYVithd bt ddif Peyfclicnséhifir Sefuehee 591 differead dof Gapk «@il, tthe inter-cell
in&l{_éﬁent Jnvention as further defined by the appended

eRcedngedusefls equi val ents. WHATIS CLAIMED IS: 1. A
met hod for transmtting control information in a

Single Carrier-Frequency Djvision Mi.tiple Access . .
(SCoRONS Appaicaty HOBhInes ARGV JBRERAtpRg Uit (Pesr, invention
advdftabSowdly réduceb eer-en iflferfepsiet bySﬁ:p]IH?M‘g & yafdors phase or a

one of a slot and a subfrane, cyclica shiftin
cyalig shifk Balie P eahTubIoeR Oncal bRy oF i A bR oRhAg UL control
infdeRioff frémdiffetent ik exrsis trhelfipikedia « iatiiecgatvration multi-cell
val ues; and conbining a control channel signal

mobjle cOMAYMGAUORSNYEIEHE: i nfor nation with the cyclically
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trangni.tting.the .conbi ned trol L, sj | i
the BBl ER08. s Beris SHOTRoD desiriher e, Feffesnge to
ce?taﬁpﬁiaéﬂgplab? l@nﬂfgdhh}ﬁmﬁ)ﬁﬂ tirl]le Jﬁb:*'%énit liﬂ@émifm therediff fteyeare mere
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exEBIRTAAPPIRAGInS, e Exemple, 0 PreropiApg bmpodiinfts of e present
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E | ed Node B UE. ,4. Th t hod
cql'a et a it kentrof fhfubioncA e s wodpin yafer Rer 8 code
sedaéliel usddl for Qonsed Uisiformation daa bet aslieds inl @i predetermined
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6. The method of claim1, further conprising
transmtting a pilot signal in predeterm ned SC FDVA
wa mb0828®df the one of the slot and the subfraP@r/BER2008/000077
applying cell-specific randomtinme-domain cyclic shift
values to the pilot signal. 7. A nethod for receiving
control- information in a Si'ﬁére Carrier- Freguency
Di vision Miultiple Access (SC FDVA) system
r|S|n enerating different cyclic shift val ues
de(f:b%Jgi EBdS:DVA synbols in one of a slot and a
subframe cyclically shifti ng a sequence all ocated for
Code_ Di vi si on Mil tipl exing of control . ) )
i nf ob-mat i or gyethed Eqrc |tliaesr§mmg gantrels ln%ﬁ@ageaum iang9mgle
R T T A co
cycl gengrating; gifferent %@e‘iymﬁsva haes ttﬂﬁéf s (ﬁe@ﬁ@% ?armbols
mZ)ne‘Mf%rs%trhlfﬂ £QBH4mé; on of the cyclic shift val ues S
ferent for. each cell. 9. The He hog% of cI aim7

wher &ichically Shiftingc seausnce pUOE3tE de; Divisiga Multiplexing

(CON1H F 88AtrdLinfetimdtRmy B g@hc @Bﬁ’ﬂv&lﬁbé aiad each uSer
Equi prent . (UE) and si naI

to a
The ¢RMPENG @A coaireh ghangs rségfh'ﬂ tlﬁs 'Qg%éﬁ% ecqnéfo ‘formiation
w1‘€l?|t|he5 idally $RERUl sédiiencéC)ors AMUSTFDMA. syhibolebdied and
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control information as the nunmber of the SC FDMA

tauences. ths mehodyel RRFLR: visthinya acRhEion of the eylic

shﬁf’%bﬂdi&ﬁffe@&ﬁ'%t eachecedl. | ot signal to which
cell-specific randomtine-domain cyclic shift val ues

are applied, in predeterm ned SC- FDVA synbols of the
one 9f t he TreOcEHl bhelfibfl| aliereihda c%hlﬂﬁ@ﬁd&l@tdfsthéocfychc

t mtti contr ol nformatlon Si

shith Vangs it HaEReJoD Ibsoangaf ash el i BadiHserpapipment

(UP)indSigriedéd fiodh ANode B eda UK. | nf ormati on generator .
for generating control information; a sequence

generator for generating a sequence allocated for Code

4. The method of claim 1, wherein the sequence is a cell-specific
Zadoft-Chu (ZC) sequence.
5. The method of claim 1, wherein the combining and transmission

comprises changing the phases of as many control symbols carrying the control
information as the number of the SC-FDMA symbols according to the phases
of the cyclically shifted sequences and transmitting the phase-changed control
symbols.

6. The method of claim 1, further comprising transmitting a pilot
signal in predetermined SC-FDMA symbols of the one of the slot and the
subframe by applying cell-specific random time-domain cyclic shift values to
the pilot signal. |

7. A method for receiving control information in a Single Carrier-
Frequency Division Multiple Access (SC-FDMA) system, comprising:



Division Multiplexing (CDM of the control

i nformation; a random zer for cyclically shifting the
wG@emsmseo by different cyclic shift val ues to PEI/HRe@S/000077

for different SC-FDVA synbols in one of a slot and a

subframe; and a transmitter for conbining a control

channel - signal including t i@9control i nformation with

the cyclically shifted sequences on an SC- FDVA synbol

basis and.tr m tting.the_ conbi ned trol I

si gngfnerating 3@6@%% tcuguﬁfv pes rfﬁ?fgmé r%é%ﬂ% symbols
ingﬂ%faﬂémdqsﬁmﬁy;cl ic shift values is different

or each gell..15. The apparatus .o i m.13,. wherei .

2 coPtRli Y&hl%mgt%éewg Biideated o Gk DIvigion s Biglexing
(d(i{l}él)) Af cbe@slt infotenAfontHiE thecB/iclic 3hilt ealabs; k@ Equi pnent

and .signhaled froma Node B to UE. .16. The,
oo aRSHtEinG fhe cgniph ToRmaNeR by EnaLIRTSHES 7 fedeived control
chafhél il byGohpsifité séduience&sDf &@%z@lﬂ@eﬂly shifted Béquences.

ra% u

appa s of claim 13, wherein the transmtterr
changes the phases of as many control synbols carrying

t hﬁb&lont r Orl"hieS;fn@fo{ii bf Elzﬁﬁlh t7h &vHBﬂlsiheﬁ d@imlii?@ti&@-dﬁiﬂé cyclic

S ol s. accordi 0.t phase val ues of the
Shbfic‘,’ﬁ‘“@él‘q‘i‘%%ﬁ‘?’?t{}gﬁe%’q?fg]nces. 18. The apparatus of

claim 13, further conprising a pilot signal generator

for generating and fransmtting a pilot si.gnal i .

pr edét er ni ﬁ[(i‘@ @é&tﬂsfaogf%a} ’ (Y%“’tr 6@’%@‘%?13%“ sqr%otlhe cyclic
shéf d/aldgl:% is uﬁffbwﬂile by at sy bfi@ of&lakh &Bﬁlcaﬁd leacrha Uieanlquipment

me-.donmai, n clic . shift v es to the pilot signal.

( .mﬂﬁlgﬁé%ﬂ%%aweré&%?‘ {frg control information in

a Single Carrier-Frequency Division Miltiple Access

(SC ) ste onpri sing:. a receiver for receiying.

a coE r ol nrﬁahoéi @ﬁ%‘@f}l&gﬂ’ﬁmﬁﬁl mcAygFncee 1s a cell:specific
de@fpcﬁut('zo));se@mhca, control channel signal receiver for

cyclically shifting a conjugate sequence of a sequence

al l ocated for Code Division Miltiplexing (COM of

contipl i nfhendidtiood aot emimCT7EOMAersinThhe damiisitioy comprises

different, cyclic shift values for diff.erent SG F .
chaepBitEE phossh ot g Taany el gy el oyl T, gonteo! ihformation
as the number of the SC-FDMA symbols according to the phases of the
conjugate sequences.

12. The method of claim 7, further comprising receiving a pilot
signal to which cell-specific random time-domain cyclic shift values are applied,
in predetermined SC-FDMA symbols of the one of the slot and the subframe.

13. An apparatus for transmitting control information in a Single
Carrier-Frequency Division Multiple Access (SC-FDMA) system, comprising:

a control information generator for generating control information;

a sequence generator for generating a sequence allocated for Code
Division Multiplexing (CDM) of the control information;

a randomizer for cyclically shifting the sequence by different cyclic shift
values to be used for different SC-FDMA symbols in one of a slot and a
subframe; and

a transmitter for combining a control channel signal including the control



acquiring the control information by denultiplexing

the control channel signal using conjugate sequences
w@booslg228yclically shifted sequences. 20. The BUPER2108500077

of claim 19, wherein a conbination of the cyeclicshift

values is different for each cell. 21. The apparatus

of claim19, wherein a conbPRati on of the cyclic shift

values is different for at |east one of each cell and

. each User_ Equi prent (UE),. and signaled from de Bt .
lnﬁarm@.tlozzm_ﬂrﬂl& aydicely azglizﬁcp RBERFSeOn AMSaF ﬁl\'f}gesym%ol%ws
andSPRARRIrgSthe coRlbit@BEdrtid] chartélfsighm). (ZC) sequence.

23. The apparatus of claim 19, wherein the control

channel signal receiver changes the phases of as nany

cont {9l syl fppardthy o eldimel 3;00hérein A RbaibiRdticiNofthe cyclic
t he number, of the SC-F synbol s according to the

shiff yakueg 2§ rept fopgachogslligat e sequences. 24. The
apparatus of claim 19, further conprising a pil ot

recei ver for receiving_.a pil sj gnal to which .
cel I 13peci flihe appaeashs of ﬁ@l@ofii\ﬁﬁ%m p comphingtionypf the cyclic

shft &afRR! i &l fletent To£ dE 1 5s1ToNE Gf Yack W sdrbadts Uskr Bagipment

one of .th |.ot an su ame. 25. An apparatus for
([{E)aﬂ@grﬁlgliﬁ?éfr@é‘hﬁll\?ﬂ‘}qrﬁf%? ion in a Single

Carrier-Frequency Division Multiple Access (SC FDWVA)
system conprising: a centrol channel. signal generator
for Yenerath ga‘EI_’*HBWtSrBf3 ciad%hr]rgb ‘g]i“’d'ﬁ‘é\ the, Segesneg 15 a cell-
speéific 2ddofRURLN@C)®equénceequence generator for
generating a sequence all ocated for Code Division

Ml tiplexing (COM of the control information; a

randeyi zer THerapparanabE ohish I3, avisettinpiheeansalities dhanpes the

used for different SC FEI\@ synmhol s.in one loﬁ.ga sl ot th
phases of sAsomasyecopfiol BYmppls CarRUng theeconjrol; ompglion @s the
nuibdrh 6f Pihes SCYBDMEA, spmboibadedrditiy ab thee phhes evaladsues the

bgl ']9 t. | east one of User Equi pment (UE)-specific and
cye F‘I‘-%%@@F iSEQUEE8S-a transmitter for combiningg the

control channel signal with the phaserotated sequences

on a

conbf%gg— E gm%r g{&gﬁ@ﬁﬁ Ic%luglﬂgﬁ,t ‘Rirther E:(t)rlnggsfn%ea pilot signal
generator for generating and transmitting a pilot signal in predetermined SC-
FDMA symbols of the one of the slot and the subframe by applying cell-specific
random time-domain cyclic shift values to the pilot signal.

19. An apparatus for receiving control information in a Single
Carrier-Frequency Division Multiple Access (SC-FDMA) system, comprising:

a receiver for receiving a control channel signal including control
information; and '

a control channel signal receiver for cyclically shifting a conjugate
sequence of a sequence allocated for Code Division Multiplexing (CDM) of
control information on an SC-FDMA symbol basis by different cyclic shift
values for different SC-FDMA symbols in one of a slot and a subframe, and
acquiring the control information by demultiplexing the control channel signal
using conjugate sequences of the cyclically shifted sequences.

20. The apparatus of claim 19, wherein a combination of the cyclic
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shift values is different for each cell.

21. The apparatus of claim 19, wherein a combination of the cyclic
shift values is different for at least one of each cell and each User Equipment
(UE) and signaled from a Node B to a UE.

22. The apparatus of claim 19, wherein the sequence is a cell-
specific Zadoff-Chu (ZC) sequence.

23. The apparatus of claim 19, wherein the control channel signal
receiver changes the phases of as many control symbols carrying the control
information as the number of the SC-FDMA symbols according to the phase
values of the conjugate sequences.

24. The apparatus of claim 19, further comprising a pilot receiver
for receiving a pilot signal to which cell-specific random time-domain cyclic
shift values are applied, in predetermined SC-FDMA symbols of the one of the
slot and the subframe.

25. An apparatus for transmitting control information in a Single
Carrier-Frequency Division Multiple Access (SC-FDMA) system, comprising:

a control channel signal generator for generating a control channel signal
including control information;

a sequence generator for generating a sequence allocated for Code
Division Multiplexing (CDM) of the control information;

a randomizer for generating different phase values to be used for
different SC-FDMA symbols in one of a slot and a subframe and rotating the
phases of the sequence by the phase values, a combination of the phase values
being at least one of User Equipment (UE)-specific and cell-specific; and

a transmitter for combiningg the control channel signal with the phase-
rotated sequences on an SC-FDMA symbol basis and transmitting the combined

control channel signal.



