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OFDM to actual systems was limited due to the difficulties in realizing
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orthogonal modulation between multiple carriers. However, Weinstein et al.
showed in 1971 that OFDM-based modulation/demodulation can be efficiently
processed using Discrete Fourier Transform (DFT), and remarkable technical
developments in OFDM have been made over time. Additionally, as OFDM uses
a guard interval, and a scheme of inserting a Cyclic Prefix (CP) into the guard
interval is known, the OFDM system has noticeably reduced the negative
influence for the system’s multipath and delay spread.

Owing to such technical developments, OFDM technology is widely
applied to digital transmission technologies such as Digital Audio Broadcasting
(DAB), Digital Video Broadcasting (DVB), Wireless Local Area Network
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to each other. Resources on the frequency domain are classified into different

tones, and the tones are also orthogonal to each other, i.e., in OFDM, it is possible
to indicate a unit resource by appointing a particular OFDM symbol on the time
domain and a particular tone on the frequency domain, and the unit resource is
called a Resource Element (RE). As different REs are orthogonal to each other,
even though they experience a selective channel, signals transmitted on different
REs can be received without mutual interference.
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stagﬂilaaiiadltichnTE/(mlgSlbem radio link between a Node B (also known as a Base
Station (BS)) and a User Equipment (UE; also known as a Mobile Station (MS))
has been conducted in the name of a Long Term Evolution (LTE) system. The
LTE system is most characterized by adopting OFDMA and Single Carrier
Frequency Domain Multiple Access (SC-FDMA) as multiplexing schemes of the
downlink and the uplink, respectively. The present invention proposes a method
for mapping control channels of the LTE downlink to REs.
FIG. 1 illustrates a subframe structure in a general LTE system.
One Resource Block (RB) is composed of 12 tones in the frequency



One Resource Block (RB) is conposed of 12 tones in the
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data channel transmission. When the control channel uses 2 OFDM symbols, only
2 leading OFDM symbols are used for control channel transmission (L=2), and
the remaining 12 OFDM symbols are used for data channel transmission. When
the control channel uses all of 3 OFDM symbols as the amount of data to be
transmitted is large, 3 leading OFDM symbols are used for control channel
transmission (L=3), and the remaining 11 OFDM symbols are used for data

channel transmission.

The reason for disposing the control channel in the forefront of a
“subframe is to allow a UE to determine whether the UE will perform a data
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a channel state of a UE that receives the PDCCH. Since the PDCCH fixedly uses

Quadrature Phase Shift Keying (QPSK) as a modulation scheme, the amount of

resources used by one PDCCH should be changed in order to change the channel
coding rate. A high channel coding rate is applied to a UE having a good channel
state to reduce the amount of resources used. However, a low channel coding rate
is applied to a UE having a poor channel state even though the amount of
resources used is increased, thus enabling normal reception. The amount of
resources consumed by individual PDCCHs is determined in units of Control
Channel Elements (CCEs). For a UE having a good channel state, the PDCCH is
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When allocation of an RE set for transmission of a control channel is completed
in the entire frequency band of the first OFDM symbol period, allocation of an
RE set for transmission of a control channel is performed in the entire frequency
band of the second OFDM symbol period. In this manner, in the conventional
resource allocation scheme, resource allocation for an RE set is performed in a
~ frequency-first manner in each OFDM symbol period used for transmission of a
control channel.

SUMMARY OF THE INVENTION
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groups while increasing the time index | for each frequency index k from an
initial value up to a predetermined range.

According to further another aspect of the present invention, there is
provided an apparatus for receiving a control channel by a User Equipment (UE)
in a mobile communication system using Orthogonal Frequency Division
Multiplexing (OFDM). The apparatus includes a receiver for receiving the control
channel from a wireless channel; a demapper for demapping Resource Elements
(REs) from the received control channel; and a controller for, when a time index



initial value up to a predeterm ned range. According
to further another aspect of the present invention,
WO b@p®43036 provi ded an apparatus for receivi ng BCOERR2608/005833
channel by a User Equipnent (UE) in a nobile
conmuni cati on system using Orthogonal Frequency
Di vision Multiplexing (OFDM8-The apparatus includes a
receiver for receiving the control channel froma
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resent invention; FIG 3 is a diagramillustrating a
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present invention;

FIG. 5 is a diagram illustrating mini-CCE indexes in a control resource
block #0 for N,,=1 and L=3 according to an exemplary embodiment of the
present invention;

FIG. 6 is a diagram illustrating a control resource block and a mini-CCE
indexing method for N,,=1 or 2 and L. = 3 according to an exemplary
embodiment of the present invention;

FIG. 7 is a diagram illustrating mini-CCE indexes in a control resource
block #0 for N,,=4 and L=2 according to an exemplary embodiment of the
present invention;

FIG. 8 is a diagram illustrating a control resource block and a mini-CCE
indexing method for N,,=4 and L=2 according to an exemplary embodiment of

the present invention;



FIG 7 is a diagramillustrating mni-CCE indexes in a
control resource block #0 for Nant=4 and L=2 accordi ng
wo eooanddrenpl ary enbodi ment of the present i nvRCI/K&n08/005833

FIG 8 is a diagramillustrating a control resource

bl ock and a m ni - CCE i ndexi ng nethod for Nant=4 and

L=2 according to an exenpl ar9-enbodi ment of the

present invention;FIG 9 is a diagramillustrating

m ni - CCE i ndexes in a control resource block #0 for
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Nt 38 i e S Pl TR ToTRA resource
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| ndexi ng nethod for L=l according to an exenplary
Prg ‘ng‘HPof the present invention; FIG 15 is a

di agriI@. i1Blivsit dlagrarmg 1lalﬂstfﬂmn<gdhﬁfﬁKEC@f indeged a1 agantrol resource
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g ment of the present invention; FIG 18 is a
di agrid@ i1bl iwst dagiang 1Hnsteam1gdamembcmﬁmeas otiregHamgyp Fgource

| G 5 DR R, R T ol
i nverRIiGonp is a diagram illustrating an embodiment of zone-based resource
selection according to an exemplary embodiment of the present invention;

FIG. 17 is a diagram illustrating another embodiment of zone-based
resource selection according to an exemplary embodiment of the present
invention;

FIG. 18 is a diagram illustrating an embodiment of resource-mapping for
a control channel for N,,=4, L=3, and Lpycy=1 according to an exemplary
embodiment of the present invention;

FIG 19 is a diagram illustrating an embodiment of mapping PCFICH and
PHICH, generating CCEs from the remaining mini-CCEs, and mapping PDCCH
resources according to an exemplary embodiment of the present invention;

FIG. 20 is a diagram illustrating a flowchart illustrating resource-mapping
and demapping for a control channel, proposed by the present invention
according to an exemplary embodiment of the present invention;

FIG. 21 is a diagram illustrating a transmitter structure of a Node B, to



FIG 19 is a diagramillustrating an enbodi nent of
mappi ng PCFI CH and PHI CH, generating CCEs fromthe
WO ovaiossong m ni - CCEs, and mappi ng PDCCH r esour BEBFKR2008/005833
according to an exenpl ary enbodi nent of the present
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flowchart illustrating reseufce-mappi ng and demappi ng
for a control channel, proposed by the present
i nvention according to an exenplary enbodi nent of the
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enM@bﬁﬁNTtﬁelﬂr@‘eat im@&neohodi nents of the present
invention will now be described in detail wth
reference to the annexed drawings. In the foll ow ng
deVETATLHD DESERIPTAONGE PRE FERREDKEMBODIMENTS
and configurations incorporated herein has been
omtted for clarity and conci seness. Terns used herein
are #edferred ebatmaliments ohic prosent intdmigar edenAbw be described in

ve and var di n r erators
defofl S Bi1eBCe TRt e dpo ! RydRRE @ cfiption, o
detalled| desbrpdet i afeldhaere dndctignst and @ohfiptmtiohs angdslwtattﬂl e¢herein
specification. .For a petter undefstanding of the
haS BEGL AT Bty fudiontiort B iied Betkin € defined based
oni fnnetlixbrisoim tihiel premnt acken thoer mmnslgpairyltaebqrdﬁmg torusers Gejferators’
dexi n a_physigal, c ne ang.
intp QG R BB, TR 1 BF S 1i8 g QDR pg G ine to
contents tHemgghiont ttms;mﬁnfﬁnahnonCCE [ ndexi ng, the nunber Nant
of a rts, .a
For - BoEantBR biisFREndiE B8 Tretali it HENGFinkBR of he
pr@ehﬁtmeenmmd ewdt abwli nngde Therepr esepatat¢lpv ot immi+CAEX éisdexing,
th t
re g%-%sﬁ ﬁ%e }g@ysll ags l}aa]rﬁglggeéﬂd TeRRirée pp?nga for a control
channel Particularly, in a description of mini-CCE indexing, the number N,,, of
antenna ports and the number L. of OFDM symbols used for a control channel will
be described in detail for a better understanding. The present invention indexes
mini-CCEs in a time-first manner, maps them to a physical channel by regular-
gap resource selection or zone-based resource selection, and then maps a control
channel such as a PCFICH, a PHICH and a PDCCH to the physical channel.
Mini-CCE Indexing
In order to define a rule for determining for which control channel will

use individual mini-CCEs, or physical resources, a method for indexing mini-
CCEs 1is first defined._A mini-CCE indexing method is defined differently
according to the number N,, of antenna ports and the number L of OFDM



resource sel ection or zone-based resource selection,
and then maps a control channel such as a PCFICH, a
woblogbksanel a PDCCH to t he physical channel. M PFERE08/005833
Indexing In order to define a rule for determning for
whi ch control channel will use individual m ni-CCEs,
or physical resources, a nstHod for indexing mni-
CCEs is first defined. A mni-CCE indexing nmethod is
defined differently according to the nunber Nant of
syﬁﬂioém nsepdort 8 canttol bhammutbaid lapplieOhbibinmon a ruge dorf midexing

ontr ol ann d S Ih common a rule for
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gonalwnh_\:ikfd‘remﬁ‘ &)L EhGse. Rctollc:l@ea d@taﬁl@dld%sc?pid@i ?&illelﬁie made of
escription e de o ari ous, e €s.0
vaFIgus GRRmPIEY lemsspyive iocation f61 8 CoRmahEAReh itan OFDM-based
mébiRMV doasmdnivatioh esysvemuacecading) toy ah esmdodimnelitnof tthe apresent
; em%odl ment of the present invention. FIG 2
¥ r at es mini - CCE i ndexes in a control resource
bI ocFIG0 2f flustiates midi-GOH LrRxedlie 4 esmarolcabue block #0 for
rggourgg | ock', as used herein, refers to a set of
oad\d S conposed of 12 REs on the frequency domain
and III@FWnsya@cthﬂ egsotifve blovk’ dasraised Héreinl ZreRirs t@r @ set of

d
ek OPAERERE 1l ESSHTRPYSSRRBLY RGP G e gymbos
ondithd eine alonain c lden e RESp;n‘eseqlmltim nuﬂﬂﬁr RB, freQeerdclEdomain
refhEbEneonuiite g’ RBTARSHIRE Thal thire 4% akst oy dfegence in
chahmdsﬁespmsél Wwithire one RB, thieah'DEI sy’sﬁ&nahfﬁrlew l:?_hfmqaency -domain
tr this su n. .
PPl SEHE 76 DAl BB B b oRaERRYETRYN B s plppst no
differenbe idethaninel cms;g]rtserwhhua acebitrolt hsoumel block basedt en this
asffinplien. " S6Ey8H  hdiFadhe o5 RSs! ROBEGLS: o4 Vark BkpRESE to the
deffinitoda igmodrthgsa Telli rthe G@EmncRafersnoe inflnetal o20@e mini-CCE
Lbndicates a mni-CCE #0. One m ni - CCE shoul d be

m%e Bsed of 4 valid REs, and since 2 REs are used for
RSO alilRBtratenl thEIGI 2 foCQK,,#@, andhé. =B, minedntrdd resource block

SR LB R AT B 200 ISR Bty one
mihi- ﬂﬂEdhepkolslmjca)mpbtmi o4 tvalE RE s yemidlodinc SR M Esaaleyysed for RSO
an%iI IQ§F i 61?5?}113 égﬁ;%@ {h% n@rn%@ﬁgdgggscﬁﬂ]gsr]e@ %@Es éleéudmg
R$$ thpaﬂnd-f‘ rst mldexmgxrs appibieds yimb akbxt hmini-GEEs isod maume CCE #1
207" 81650428 iRhé Siext OFDM symbol. Similarly, since 2 REs are used for RS2
and RS3, the mini-CCE #1 is composed of 6 REs, including RSs. A mini-CCE #2
202 is disposed in the next OFDM symbol. In the subframe, since no RS is
defined in the third OFDM symbol, 4 REs constitute one mini-CCE purely. A
mini-CCE #3 203 is disposed in the same OFDM symbol as that of the mini-CCE
#2 202. Similarly, when the time-first indexing rule is applied, mini-CCEs #4 204,
#5 205 and #6 206 are disposed in the first, second and third OFDM symbols,
respectively, and the mini-CCE #4 204 and the mini-CCE #5 205 each include 6
REs due to the RSs.

FIG. 3 illustrates a control resource block and a mini-CCE indexing
method for N,,=4 and L=3. Thé¢ mini-CCE indexing method within one control
resource block is explained hereinabove regarding FIG. 2, and the method in



defined in the third OFDM synbol, 4 REs constitute one
m ni - CCE purely. A mni-CCE #3 203 is disposed in the
wW@E 2000/08360M synbol as that of the mni-CCE #2 2BRI/KR2008/005833

Simlarly, when the tinme-first indexing rule is

applied, mni-CCEs #4 204, #5 205 and #6 206 are

di sposed in the first, secan@ .and third OFDM synbol s,
respectively, and the mni-CCE #4 204 and the m ni-CCE

#5 205 each include 6 REs due to the RSs. FIG 3
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mﬁﬁ’-‘@@Eb ard &sﬁ@idﬂf il the first OFDN sQhPd] shtheredainder is 1 or 5, the
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reﬂ‘iamdeﬂfEZI r3dex 6b¥orfes ngndiﬂgenﬁﬁmlﬂﬁi@sr dispoSedin the tHicl OFDM
c espondl ng mni- s are disposed in the first O-DM

Syga’r%ol. If the remainder is 1 or 5, the correspondi ng
m'hni ‘s figst Qndéﬁﬁg&%@sim% toheraesgiyid giEDI\dbsa/ﬂﬁ@érenté between
t he.re ris 2, or corregpondi n ni
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mappi ng rule, by generating one physical channel with

83 -ni - CCEs having a greater index difference, it is
possﬂIGe 4t flluseratgyednlizyi- @b:ﬂ?alﬂde&egwwcymﬁmlvwsshtc)e blaick. #0 for

NELS Ll et S R e RS, 8 dgincd i e
setomdnCHIM &yrbol, maini- K OEe 300, FIB laad $&6, medch ard désposed in the
seg(?rgcf) @%ﬁ%ﬂvﬁgﬂf t%'ﬁéeearlrcl:hnéér%goEssedg (c))f1 4 18953 rZedcoan?dl r\égélfrge block
#0 210 includes a total of 8 mini-CCEs, and is subjected to time-first indexing in
the same manner, so that the mini-CCEs of mini-CCE #0 to mimi-CCE #7 are
indexed in the order of 300, 301, 302, 303, 304, 305, 306 and 307.

FIG. 5 illustrates mini-CCE indexes in a control resource block #0 for
Nan=1 and L=3. Though only RSO is needed as only one antenna port is defined,
since RS1 is punctured, the positions of and the number of valid REs actually
available for mini-CCE generation are equal to the number of valid REs of the
case where two antenna ports are defined. Therefore, even though the number of
antenna ports is different from the number of antenna ports of FIG. 4, the mini-



second OFDM synbol, are each conposed of 4 REs. The
control resource block #0 210 includes a total of 8
WORWIALB0HES, and is subjected to tinme-first i NndBXI/RB2008/005833
t he same nmanner, so that the m ni-CCEs of m ni-CCE #0
to mni-CCE #7 are indexed in the order of 300, 301,
302, 303, 304, 305, 306 and 1307. FIG 5 illustrates
m ni - CCE i ndexes in a control resource bl ock #0 for
Nant= | and L=3. Though only RSO is needed as only one
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FIG. 8 illustrates a control resource block and a mini-CCE indexing
method for N,,=4 and L=2. The mini-CCE indexing method within one control
resource block has been introduced in FIG. 7, and method in which mini-CCEs
are indexed over the entire system band is described regarding FIG. 8. Mini-CCE
indexes in the control resource block #0 210 are equal to the mini-CCE indexes in
FIG. 7, and a control resource block #1 211 is also subjected to mini-CCE
indexing in the same manner. In a generalized description of mini-CCE indexes, a
total of 4 mini-CCEs of mini-CCE #4K to mini-CCE #(4K+3) are defined in a



resource block #0 210 is subjected to tine-first

i ndexing, and mni-CCEs of mni- CCE #0 to m ni - CCE #3
wae@isdexed in the order of 400, 401, 402 andPEDRR2048/005833

all mni-CCEs include RSs, it can be noted that the

m ni - CCEs each are conposed of 6 REs. FIG 8

illustrates a control resounge bl ock and a m ni - CCE
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Cé)és are indexed over the entire system band is described in FIG. 11. Mini-CCE
indexes in the control resource block #0 210 are equal to the mini-CCE indexes in
FIGs. 9 and 10, and a control resource block #1 211 is also subjected to mini-
CCE indexing in the same manner. In a generalized description of mini-CCE
indexes, a total of 5 mini-CCEs of mini-CCE #5K to mini-CCE #(5K+4) are
defined in a control resource block #K 213 in the order of 530, 531, 532, 533 and
534. Among them, the mini-CCEs 530 and 533 are disposed in the first OFDM
symbol, and the mini-CCEs 531, 532, 534 are disposed in the second OFDM



mni-CCE #0 to m ni -CCE #4 are i ndexed in the order of
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M ni - CCE i ndexes in the control resource block #0 210
symlmleﬁu'ﬁsl péssitilbagondeterniice mndfhlcélsOFlDM] 8anb8l anghrfiular mini-

CEfi6 S b SHEiBRR Rl sMalndete B i edividipe the
coaregporadiag inziad-(ER dndot bys. bﬁthmrannaEﬂEr ig0lex 8s thacomwesponding
#( 5K+4).
mliCEh A Spasl it ASE O 1L Pl 57,2 or 4,
the CdHBSIﬁﬁldﬁ’@mlﬁﬁgﬂsEéS?e dlﬁﬁﬁedi gisll‘g&%d coerﬁ)E])f i I?/Q?rmbd)]h e
Symodic: daanBn@ie diieCEhIBRaS5 b dehlf) bRl bl #0 for
Ne{mFFZI hed $edo m&?\bﬁ?mburc{elt bllgsl;Pnshakibi; € tnd€GHsMSirce only
0 ar
orlg" OB VgL 3¥ R farP St el s b egp thoueh it
undllepgqés ggne-lfarsicmdlegmgo {nlg]ie et 13 ndt(aif_ Tertcﬂm_)frchn (E,]Ci:eE Srbilt‘lte bbtained
.nder _i s corres i ng_m nj - CC
Wi RS ety vihiSNied go et pROBE TRpR oo hBhFOgEs of
mihi-CCB#04and ﬂnmm:@CﬂEe#bam:hnﬂgxed i theCirdeno£600 apdﬁ@d Itrcan be
t | | ust
orpRFAIEE T & DN lsTids BoboR i ChS Pl Ggfgosed of
6 REk. One cont rol resource block includes 2 m ni-CCEs.
Si d f t I
S 1801 SRR T b 3ck i, Lo AL Py GBS 0 o
Ngannddg=l t/hhhp@ybnly! RSﬁaﬂ netidetiasemty bneamtenaa pestistdefined,
sifRoRST ol AT tsl, e, BofiRats SEAVE IR o Rob 8P H5 RRs acually
available JOE minl-GCE gemdeatamh are ¢duel aodbe_mlﬁnmmfémhcﬁ(REs of the
cabd iRl Ko ARRTHE Brfoic R, Fherdol it Y humber of
anitetrin,asportﬂ Bdiffierént @Bk the emewber mfaarmntarpﬂrﬁr e blbckE2, the mini-

C@E gh d)?e% gr%ref({/ﬂﬁwto the %ﬁl-b’dE 1@&&?3&?1: RS8R hﬁHSFCES of

ant enna SI nce

mxm-@ﬂﬁcﬁﬂw@dmmh@Cﬁo%] aneandexﬁd mrthetohéermfrﬁ%)r argf 6@kl i d
cqualt 165 IR e, et FoPE ARAER RIACE, fpgexine
methbdnfoa Ipol.t Tharminddf ChethdeXingr afetha] vathen enwughtroheesource

bl{})#i{“g &8 p8ln & %dﬁﬂgﬁlés 5%{({1% ed He%&f NE WGP §lini-CCEs

. enna por e’m ni - I ndexes are
areqodéxado ovhe the O yistetieemdots Be@rited. inTHdG. 14. Mini-CCE

mH?:)He's i &gtr&' 1%%%1%@5 b?fgcé%ﬁp 27h 3ke %ﬁo thfini-B¢8 fifliexes in

he oF d
FIGS 12 and 13 and a control resource block #1 211 is also subjected to mini-

CCE indexing in the same manner. In a generalized description of mini-CCE
indexes, a total of 2 mini-CCEs of mini-CCE #2K and mini-CCE #(2K+1) are
defined in a control resource block #K 213 in the order of 630 and 631. Since
only one OFDM symbol is used for control channel transmission, even though the
OFDM symbol undergoes time-first indexing, the result is not different from the
result obtained when the OFDM symbol is simply subject to indexing on the
frequency domain. In this case, all mini-CCEs are disposed in the first OFDM
symbol.
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representing the mini-CCE, the invention introduces a function f(k,l) satisfying
the time-first indexing condition, and indexes mini-CCEs so that a mini-CCE
with a less value of f(k,l) has an earlier index, and if the value of f(k,l) is equal, a
less-k mini-CCE has an earlier index. The RE representative of the mini-CCE can
be either included or not included in the mini-CCE. In later resource-mapping,
modulation symbol sets are arranged, each of which is composed of 4 modulation

symbols in the order of the mini-CCE indexes that underwent the indexing.
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(1enmbodi ment of FIG 15, a total of 11 nmini-CCEs are

assuned to be available. In the enmbodi nent of the

present inyention according to FIG 15, 3 m ni-CCEs

are JerdBedalsd sirerR Viwm ni --GGEs-and(la)re used for

transm ssi on of one physical channel. FIG 15

In Equation (1), i denotes an order of a selected mini-CCE, and if one
physical channel is composed of N, mini-CCEs, i=0, ---, Npny.i. Further, n;
denotes an index of an i™-selected mini-CCE. The selected first mini-CCE is an
‘offset’-th mini-CCE, and the selected remaining mini-CCEs are mini-CCEs
which are spaced by a regular gap. In addition, Ny, denotes the number of
available mini-CCEs, and if the mini-CCE index is greater than or equal to Ny,
a modulo operation is performed so that the mini-CCE may undergo a cyclic shift.
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FIG 16 illustrates a nethod of generating one

physi’tals tAannel - ‘by- sei€¢fing a nini-CCE 702 spaced
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Zone #0 720, selecting a mni-CCE 705 spaced fromthe
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denotes a leading mini-CCE index of a Zone #i. If a Zone #i is defined with z;
mini-CCEs, sy = 0, and s; = s;.1+z;_; for i=1, -+,Nphy-1. Additionally, A, is a value

that indicates which mini-CCE is selected from a Zone #i, and A,= mod(offset;,
z;). Meanwhile, offset; is subject to change according to a cell and a subframe by a
predetermined rule. If the offset; is subject to change according to a cell, the
resource-mapping is cell-specific mapping, and if the offset; is subject to change
according to a subframe, the resource-mapping is zone-based hopping.



mat hematically expressed as Equation (2). n, =s, + ,
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According to the above rule, a Zone #0 730 is c-omposed of 3 mini-CCEs
700, 701 and 702, a Zone #1 731 is composed of 4 mini-CCEs 703, 704, 705 and
706, and a Zone #2 732 is composed of 4 mini-CCEs 707, 708, 709 and 710. One
physical channel is generated by selecting mini-CCEs 702, 705 and 709 by
applying offset;=2 for all i.

Resource Mapping for Control Channel

In this section, a resource-mapping method for PCFICH, PHICH and
PDCCH, which are downlink control channels defined by the LTE system, based
on the mini-CCE indexing and the resource-mapping rule for a physical channel,
is described as follows:
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CCEs, among the mini-CCEs of the first OFDM symbol. The process of selecting
mini-CCEs for the PHICH is performed according to regular-gap resource

-

selection or zone-based resource selection, which is the resource-mapping rule for
a physical channel. Reference numeral 829 shows mini-CCEs selected for the
PHICH. Here, PHICHs 0, 1, 2 and 3 (843) are generated by selecting 3 mini-
CCE:s of the mini-CCE #0 800, the mini-CCE #14 804 and the mini-CCE #32 809
(Npmicy=3), and PHICHSs 4, 5, 6 and 7 (845) are generated by selecting 3 mini-
CCE:s of the mini-CCE #4 801, the mini-CCE #21 806 and the mini-CCE #35 810
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In step 901, mini-CCEs are indexed (or numbered). The mini-CCE
indexing (or mini-CCE numbering) is performed according to the number N, of
antenna ports and the number L. of OFDM symbols used for a control channel,
using the rules shown in FIGs. 3, 6, 8, 11, and 14.

Next, in step 903, all mini-CCEs are 1D-rearranged in the order of the
indexes of the mini-CCEs determined in step 901.

In step 905, mini-CCEs disposed in the first OFDM symbol are selected
and rearranged in the order of the indexes of the mini-CCEs.
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a criterion for determining which mini-CCEs will be selected from another

OFDM symbol and use them for the PHICH. According to the mini-CCE
indexing rule proposed by the present invention, if an index of a mini-CCE

disposed in the first OFDM symbol is increased by one, a mini-CCE disposed in
the second OFDM symbol, which uses the same frequency band, can be indicated.
If an index of a mini-CCE disposed in the first OFDM symbol is increased by two,
a mini-CCE disposed in the third OFDM symbol, which uses the same frequency
band, can be indicated. For example, referring to FIG. 2, the mini-CCE #5 205
obtained by increasing an index of the mini-CCE #4 204 disposed on the first
OFDM symbol by one, is disposed on the second OFDM symbol, the mini-CCE
#6 206 obtained by the index by two is disposed on the third OFDM symbol, and
the mini-CCE #4 204, #5 205 and #6 206 all occupy the duplicated frequency
band.
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sigrfhl S GPEFICH dehiI0fRTatdl 9558 TISRI RO4ARRGY 31kl from a
PHICH signal generator 935, and a PDCCH moduiation signal from a PDCCH
signal generator 947. In the PHICH signal generator 935, 4 PHICHs are gathered
from individual PHICH signal generators 939 to 941 and subjected to CDM 943.
Reference numerals 937 and 945 represent signal generators for generating 4
PHICH signals of PHICHs 0~3 and PHICHs 4~7, respectively. The PDCCH

signal generator 947 includes individual PDCCH signal generators 949 to 951 for

generating PDCCH signals to be transmitted to different UEs. The number of
CCEs occupied by one PDCCH is determined by the controller 953. The signal to
which control channels and RS are mapped is TDM-multiplexed, by a Time
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Several other embodiments will be described in order to determine the
manner in which the resource-mapping rule for control channel, proposed by the
present invention, will be applied under another condition. FIGs. 23 and 24 show
the method in which resource-mapping for PHICH is performed, for Lpyicy #1.

FIG. 23 illustrates an embodiment of control channel resource-mapping
for N, =1 or 2, L=2, and Lpycy=2. A Multicast Broadcast Single Frequency
Network (MBSFN) subframe is a subframe for operating a Single Frequency



987 and a PDCCH receiver 989, and then used for

recei ving a PDSCH signal, a PCFCH signal, a PH CH
waeegnaksoad a PDCCH signal, respectively. |f tPeI/KR2008/005833

demapper 979 separates a PCFlI CH nodul ati on synbol
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985, the PCFICH recei ver 9825restores a size L of the
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For cRnveniend¢, RHisCsen@d mtthegmimrﬁmat pf F0Gd23 ithet the muingber of

coEﬁéh&%é&%@ﬂl{)a& 1133?/\'53 ar@oEAl o%ﬁQﬂ%#CE@ aré ?gﬁﬁ&g Ttﬁ)er 3(5’ mini-

n or ahce OoT resour
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Pkglgﬁ%bbﬁ’l'a %lso Pk SUE RidnTe Aifii- 0¥ 8 Bt A%t oFDM symbol,
only the mini- CCES of the first OFDM symbol should be picked out in order to
select mini-CCEs for the PCFICH and dummy mini-CCEs for PHICH. Reference
numeral 823 shows only the mini-CCEs picked-out of the first OFDM symbol. Of
the 30 mini-CCEs, 12 mini-CCEs mini-CCE #0 850, #3 851, #5 852, #8 853, #10
854, #13 855, #15 856, #18 857, #20 858, #23 859, #25 860 and #28 861, the
remainders, obtained by dividing the mini-CCE index by 5, of all of which are 0
or 3, are all disposed in the first OFDM symbol. In the state where only the mini-
CCEs of the first OFDM symbol are selected and arranged as shown by reference
numeral 823, the mini-CCEs for the PCFICH are first selected. Reference
numeral 825 shows the mini-CCE #5 852, the mini-CCE #13 855, the mini-CCE
#20 858 and the mini-CCE #28 861, which are selected as 4 mini-CCEs
(Npcpicy=4) for the PCFICH. The process of selecting mini-CCEs for the
PCFICH is performed according to regular-gap resource selection or zone-based
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.85 23 859, #25.86 # . the r L nder s
i e, QNG Che T APUBGE TARieRE o BlsPEGie aymeral 827
shotvs whintC GlEe ufused fir the PCHICHL whadeakei reatrhagéd isthe order of
OFDM s . In state ere o t he ,m R - of
tne Y BF heramiphe gt > BioBe J0F BBnBl St L Al M Shmbol
Thehmoeedsyof sélecttme dummypermaini-EASEs tfhe PHIUH Gaipspifigris tpeeformed
PCF} CH arr%éé" rst _sel ected, lRetf erence nuger al 821§rcsehoe\:’l%ction
acefdIng {7 _"EBRAnEagssoyieE SRR IQHET 0N cgREed; fRgource S ’
whithis tB€kEesR@c&nd ppnd tile for aph@GEalkdan@6ll Thehinoh-GCE #3 851,
sel.ec 1 Ni S. (. zn4) f9 e PCFICH . .
S RURELEE, 25 S8 ey CEAES0) gbe oflechiiafingly mini-
CQies ffor Pt CAt anapping, tand rabwfathegaypni-EE€Hsr 821,s8b&caridoB60 are
. Of - | ' jch j e .
disPloséE DT ARRST ERTAL BRBHE ReRnctHlsiaf 2P Sheys mini-CCEs
seleefedr forcthe BHOCH. [Hérs, PIHI€HS 6, A, i2h ande3 NBBBNare generated by
. ..t PCE eged, . T h
seB08 BB GE R ol GRSl T RER R il AL P BB R the
minf-GCe #PCRIBHN s 0noB ).t aralnBIH € He dt, Sn [6yarfdo? (8hE) aB3feNerated by
.t P e]] ecti . p
selBng B GEF RN I GG B, B8RP CEPE e 36 g the
miarGGEed25 BO0OdNdgk-ntd).generate the PHICH, it is
nece V. I -mni - t ar ' ly. .
spacE%a%pdfﬁﬁl@fg?hgéﬁ&otﬁ%ohp ecseefcgfeggl)é#g@é d%]}rl}ali %CES for
PHithgthehmini-CCE #3 851 disposed on the first OFDM symbol among the
dummy mini-CCEs for PHICH mapping is used for mapping PHICHs 0, 1, 2 and
3 (873). If the PHICHs 0, 1, 2 and 3 (873) are generated in a "1+2 selection”
manner, the remaining two mini-CCEs should be selected from the second OFDM
symbol. Therefore, the mini-CCE #15 856, which is the remaining dummy mini-
CCE for PHICH mapping, the mini-CCE #16 863 and the mini-CCE #26 864,
which are obtained by increasing the index of the mini-CCE #25 860 by one, are
used for mapping the PHICHs 0, 1, 2 and 3 (873). As described above, according
to the mini-CCE indexing rule proposed by the present invention, if an index of a



m ni - CCEs unused for the PCFICH anong the m ni - CCEs of

the first OFDM synbol. The sel ected m ni-CCEs are not
WQ@IR0e©0430y6 used for the PHI CH, but are used as BCT/KR2008/005833

criterion for selecting mni-CCEs for the PH CH

Assume that such mni-CCEs are dummy m ni-CCEs for
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order of the indexes of the m ni-CCEs, anong the
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o )

8BNS gtleegﬁglgéﬁ%% 3§ 407 [ 1) T p%ﬁﬁ’ib % IhECCE #4 862, the

memdCCE &8 §56 ambﬂleanmﬂ-QQ/E#ﬁé 868). mi ni - CCE di sposed on
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I'so” space art ‘from’eac
addmonal PHICHs, mini- CCEs for PHICH mapping are selected by selecting
other dummy mini-CCEs and repeating the same process.

In an alternative method, if dummy mini-CCEs #A, #B and #C for
PHICH mapping are selected, PHICHs a~a+3 are rﬁapped to mini-CCEs #A,
#(B+1) and #C, and PHICHs a+4~a+7 are mapped to mini-CCEs #(A+1), #B and
#(C+1). In this way, the PHICHs a~a+3 are generated in a "2+1 selection" manner,
and the PHICHs a+4~a+7 are generated in a "1+2 selection" manner.

Reference numeral 831 shows 20 mini-CCEs, which are rearranged in the

)



on the frequency domain, nmaking it possible to obtain

the sane frequency diversity gain. Meanwhile, the
WOrRWALB0H #15 856 and the mni - CCE #25 860 di SPOBFE&2@R/005833

the first OFDM synbol anong the dummy m ni-CCEs for

PHI CH mappi ng, are used for mapping the PHICHs 4, 5, 6

and 7 (875). Since the PHHERB8 0, 1, 2 and 3 (873) are

generated in a "1+2 sel ection” nmanner, the PH CHs 4,

5 6 and 7 (875) are generated in a "2+1 sel ection”
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oot Mo B T i RS g B ABRE 5 shhl gh FIG. 3. For
convenieeEsit A assfiBed )inathe érhbodimeranof PHGCRY thatt tieer iumber of
cofl1 FRERS, bRk 6555 TG BOTECES bt 1 e 42
mswlGEES are sutjected to didl ré¢dreanigdhicins im-the-arderasfethe indexes of the

e ted in a.'2+1 selection' mapner, Wen t i S..a
miFRT e the defiisaare 35 SRuVS Ty, RRREReq LA, Sinde the
PCGH sy oaldebs atrangead ohymaat@CEs g thiehigrst @I symbol, and the
Pl 5T, BB EBENERS PRI SERE b iy ol for
L =PHheHdmiephmegt sheild plidcoedonlPihEHsna €4Es aof the first OFDM
1, 0i - HA d PHI.
syRRR A AL seleeh e G AR RSP CES for the
PHICH hReference rumeereH8 Z3Hshawa o8 lyathe mereC@Es pickedaoutdithe first
" , ~a+

OFBAESLBN]. ARG E0E PLTRCAIS AL Bun1 7 s, 1
883y A 84318 8wk 12886ri #1115 BRESH2 8888 #32 B89 di30adednd #39

ST L AR B e I TUILCEE g g o
wianh adé iWeort 4 gaearlhtispoftEm theofirst HRFDdraymibod. i thie- CaEswhere

Ty R0 SRRSO i, S e o
shivemt b3, rdfe@ncandiche®H 83, thg mihi-CICHHIf@Hthe PCFICH are first
selected. Reference numeral 825 shows the mini-CCE #7 882, the mini-CCE #18
885, the mini-CCE #28 888 and the mini-CCE #39 891, which are selected as 4
mini-CCEs (Npcpicy=4) for the PCFICH. The process of selecting mini-CCEs for
the PCFICH is performed according to regular-gap resource selection or zone-
based resource selection, which is the resource-mapping rule for a physical
channel. For reference, since Lpycy is fixed to 3, it cannot but use 3 leading
OFDM symbols for control channel transmission. Therefore, CCFI information is
meaningless, and the PCFICH may not be needed. Though such an exception has
not yet been defined in the LTE system, if the PCFICH is not transmitted only for
Lpuicy=3, the PCFICH mini-CCE selection (825) and its associated steps 907 and



= 3 and N PHICH , the enbodi nent should generate PHI CH
by selecting one m ni-CCE fromeach OFDM synbol. Even
wo bmowisore CCEs sel ected fromdifferent OFDM syPODKR2008/005833
shoul d be sel ected such that the selected m ni-CCEs
are maxi mal |y spaced apart from each other on the
frequency domain, in order-£8 -obtain frequency
di versity gain. For Nant=4 and L=3, nmini-CCEs are
i ndexed as shown in FIG 3. For convenience, it is
90assfiter 20 wah tve emnittedi nent  of FIG 24 that the nunber
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fof PRRERE byt URTEe B i Cp 585, Phianf o0l A pied on
thé ifirstt OBEDM symboll. Rdferenbe neiretral &iz&rshomslmlmlc@CEs selected for
Pl O5FE SUCHS 016 ofE2 TR B4Rl Siatle 3 min
COEsbf CeanidieCCEVe BEE|theinsine OGE §22 sB@Bemdethe.rﬁagﬂﬁ@(éEéé7 894,
ST 23, T S Ll B s o
mﬁl@-ﬂcw#ﬁcﬁ%altlee BehieCOENH 235896 and theODEs-CNEPER 890~ 4)

for t g&gﬁlgﬁl de-g ff&? St ke }%ocs,eeslseé:tt Eagcﬁrﬂa%] 'mlgg%f’béé) fFor the

t he P4 %AcC8r 'ng to regu
PHKddutheemgmi- €6J:E #ﬁ 8181 dopebabked thesfost €3 I9M eymbmh ,among the

oy hofei- GG KEPPHICALMRRRYs LE K aBo PR BHTCHS . 1,2 and
3 (1103andbt doanti- ®€E 322 8901 vehiCi DM abyaiinodl Sbyf emcreasing dly one an
infl2 Mttt hARREYCGS1ON- skAe (Réﬂ_if&'i s Edimbd YHRCOR f fo%  PHICH

neani ngl'ess,
mapphg.am exdmrpu sniecttaenmmmyQCHaémcthf:lmdnd rOFbM |§1]Elbol is

o BE SR e B 55 IS LTk 17 s
wlmthpsob(amelhbsghﬁ:rwsurg By t®0 anandbe of the manli-CCE #35 890, Wthh
is a dummy mini-CCE for PHICH mapping, in order to select one mini-CCE from
the third OFDM symbol, is used for mapping the PHICHs 0, 1, 2 and 3 (1103).
Therefore, the PHICHs 0, 1, 2 and 3 (1103) are generated by selecting 3 mini-
CCEs of the mini-CCE #4 881, the mini-CCE #22 893, and the mini-CCE #37
894. Meanwhile, the mini-CCE #35 890 disposed in the first OFDM symbol
among the dummy mini-CCEs for PHICH mapping, is used for mapping the
PHICHs 4, 5, 6 and 7 (1105). The mini-CCE #5 895, which is obtained by
increasing by one the index of the mini-CCE #4 881, which is a dummy mini-
CCE for PHICH mapping, in order to select one mini-CCE from the second
OFDM symbol, is used for mapping the PHICHs 4, 5, 6 and 7 (1105). Further, the



In order to generate PHICH, it is necessary to select,

as dumy mni- CCEs for the PHICH, m ni-CCEs which are
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frequency domai n, anong the mni-CCEs unused for

PCFI CH anong the mini-CCEs of the first OFDM synbol .
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aftd} rllndg%’ﬁgé 'ﬁi‘l@ﬁpg' BcH L0 HiEsEHE ShdBRICH at3
m ni - e secon

constitute one PHICH group. Additionally, if In-phase/Quadrature-phase (I/Q)
multiplexing is applied that transmits different PHICHs on a real component and
an imaginary component, 8 PHICHs are subjected to CDM, and PHICH a ~
PHICH a+7 constitute one PHICH group. A PHICH group index g is a value
indicating in which PHICH group a given PHICH is CDM-multiplexed. If a
PHICH index is given as p, a PHICH group index can be calculated using

Equation (4).

g = floor(p/PHICH_GROUP SIZE)  ......... (4)



OFDM synbol , is used for mapping the PHHCHs 4, 5, 6
and 7 ( 1105). Further, them ni-CCE #23 896, which is
W@ bdoaio#®ds by i ncreasing by two the index of theCTYKRR2008/005833
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5, 6 and 7 ( 1105). Therefore, the PHHCHs 4, 5, 6 and
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the mni-CCE #5 895, the mni-CCE #23 896 and the
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" As is apparent from the foregoing description, according to the present
invention, the OFDM-based mobile communication system can perform resource
allocation for a control channel in a time-first manner, thereby improving
diversity gain.

In the present invention, the resource-mapping for a control channel is
performed by a process of allocating a group of REs, i.e., mini-CCE resources,
existing on the 2D domain in a time-first manner using the mini-CCE indexing
rule, and selecting resources of individual control channels according to the
resource-mapping rule for a physical channel. The resource-mapping process for
a physical channel, generates one physical channel by selecting physical



g = floor(p/PH CH GROUP_SI ZE) (4)where PH CH GROUP
SIZE is a value indicating how many PH CHs are
wEhivanktrpl exed to one PHI CH group. Wien |/ Q PCT/KR2008/005833
mul tiplexing is applied, PH CH GROUP_SIZE is 8, and
ot herwi se, PHICH GROUP SIZE is 4. Physical resources
corresponding to one mni-EGR2 -are enough to transnit a
COM mul ti pl exed PHI CH group. However, in order to
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clarinsi - CCEs for PH CH nmapping. In this case, since
nod( g+r, LPH cH) becones 0 regardl ess of a value of g
and r, a desired operation is perforned. In addition,
if L PHHCH = 2 or 3, operations of FIGs. 23 and 24 are
equal ly perforned. As is apparent fromthe foregoing
description, according to the present invention, the
OFDM based nobi |l e communi cati on system can perform
resource allocation for a control channel in a
time-first manner, thereby inproving diversity gain.
In the present invention, the resource-nmapping for a
control channel is perforned by a process of
al locating a group of REs, i.e., mni-CCE resources,
exi sting on the 2D domain in a tinme-first manner using
the m ni-CCE indexing rule, and selecting resources of
i ndi vi dual control channels according to the



resource-mapping rule for a physical channel. The

resour ce- mappi ng process for a physical channel,
w@enenaioes one physical channel by sel ecting PCT/KR2008/005833

physi cal resources having a greater index gap if

possi bl e, and since mni-CCEs are indexed such that as

an index gap is greater, tRh&3resources are spaced far

apart fromeach other on the frequency domain, it is

possi ble to maximally obtain frequency diversity.
WHATtISOORATMEDNESiugh t he process of first selecting

m ni - CCEs for the PCFICH, selecting mni-CCEs for the

PHI CH from the renai ni ng m ni-CCEs, generating CCEs

usi nd.t he rlemaethodgfon alledfing, resotressi 0§ 4 entrbbrchaheel in a

PDOCH. it is. i bl h i ni - CCE
mQRG oo BYRiREST quRerR onbebE " cFioaPbalio ThidUesey) | Bivision
Mwltt;ﬂe;eiag lm( Wﬂd)l\df _D,, thg neethod be?giris_ingECEts are ] not A

t .defi ned. iJe e i.nventi.on | en_s
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(Résshade wefined laerlemid, kj tespedtivdby divittingtthodivhilabledREs in a two-

.skilled in the hat , vari ous changes in form and
difispsiofi! 1 HE FibicDr A oin Wi thout departing from the

spi r itimedfidstsal ywating ehdle RhweaplualinsofRB geapbvlikeincreasing

appended cl ains. TS CLCAIMNED IS 1. A nethod fo
hEPEELReE B shehorShenthomdes k cramhal it valyg ap to o
predetermined trammge. syst em usi ng Ort hogonal Frequency

Division Multiplexing (OFDM, the nmethod conpri sing:

when a tine index and a frequency index of avail able

Resowr.ce ElldweenttholRE<]aiar & whéiciedll asatingagadhiRE comprises:

tr\?;gie e'ﬁ\élﬁllarxxgl lel%’t'pg'&%ﬁ r%ﬁglfee}r\({g is'u%fel_c?eacﬁ Eﬁc’ tiinQe-?irst allocation is a
first RE-whichtis allbcated tong cemespdriidingRE gtowpabhndy of RE

grou [ Wale [ the td hpdex 1 for each

71 cqomll b BHRE R I i 8 R hfoahen 8 dex of the
coprespendngiRiegroupnge. 2. The nmethod of claim 1, wherein

al l ocati ng each RE conprises: determ ning whether an

RE being subjected to tine-first allocation is a first
RE whi.ch i dhalrhetbatd ed clama2 cwherespaiidcatmgRiach Rk ppmpnides:

e 5 BUIESE AL e, Lot shRUGES} IR Qrgpondine

REIigadup.2, wherein allocating each RE conprises: when
the REis not a first RE, nmaintaining an index of the
corresponding RE group. 4. The nethod of claim1,
wher di.n eadlheahethbd diElgino lpsvhienah edeh afshenRErgriups inélude a

salffd Al%{x&gs%fé%?igtrﬁéy FOP BatsBilsQbn 'bPen s RBAES ch%%ﬁ@p&cept a RE for

except
transmission of a reference signal.

5. The method of claim 1, wherein at least one of the RE groups
further includes the RE for transmission of the reference signal used for channel

estimation.
6. The method of claim 5, wherein an RE group including an RE for
transmission of the reference signal has a greater number of allocated REs than a

number of allocated REs in an RE group that transmits only the control channel.

7. The method of claim 1, wherein the control channel includes a



transm ssion of a reference signal. 5. The nethod of
claim1l, wherein at |east one of the RE groups further
WO ppHew36 t he RE for transm ssion of the referRCyER2008/005833
signal used for channel estimation. 6. The nethod of
claim5, wherein an RE group including an RE for
transm ssion of the referendd signal has a greater
nunber of allocated REs than a nunber of allocated REs
in an RE group that transmts only the control
Packetrinedicated Cordrotdt paeb(PIRCEIH) ttanswittedion a thewobnk.r ol
channel includes aPacket Dedi cated Control Channel
(PDCCH) transmitted on a downlink. 8. The nethod of
clai ® 1, wlhecemettod of alaioe lalwheraini anrdsonrdehal|RBREGH for the

i f [ locat | f
PeC Rl P BRI AL hREr A (LG EROBE B P SfcaBiGhanpet Format
Indipatien Chasneh(PEFKCHY andtoRhysicalReybeid Aatpmeatic RidpaRQequest

| Redi ~ 9. The nethod of claiml1,
(Hﬁﬁg@%agﬁmgé}egfa ﬁ;%l ted in units of OFDM synbol s

on a time domain, and are allocated in units of OFDM

toneg on a-hr y | m. . r f . .

1 odat | ng [MedIHRATATAR 1 whircifIERRE & ioeRlsg dngunics of
Ol Masymbolseonco immda@atingand pst allocaséchin OnithofOFIIM tones on a
freglg‘ WH&%aHVi sion Multiplexing (OFDM, the apparatus

rgrprl sing: "a mapper for mappi ng Resource El enents
(REs) available for transm ssion of the control

changgl | and) 806008/t Slicbfin YAl HFE dAIEX A4 by

frequency ind ‘he ava “RESare ned as
NagledB i armebide comstynication shistem tsga@athbgbha REguémcyaDivision

' i | i), d trolli
MRS ROPPAN ShEUBpstafus iyl ach e ro &
pl ur al imgppsir Fier gmeapgEnghiResouneer dalsinegts heREs)meavaildble  for
traillsﬁl?srsicﬁ)aﬁhhferc%ﬂﬂ%ﬁ‘ﬁﬂadr{éﬂe froman initial value up
to a predet

ermned range. 11. The apparatus of claim
10, wiventpHer fey, vdwenraoliinerindiext andria fexyushey inedext dlethREvVailable
el ng ; e “ocat ian i et ]
RIGMERITIRA G ol B DLl oL BLIBRR e ilafl RIRyiTs two
dimprsiondlestretirs of K, ri3t aREconmelliogsibs mapperdextiofe-fits-allocate

f Lg: The: 3 . (1
e R R LR o RE roue WIS ARRRLA M Binc AU for cach
frequpmeyaindex dnfrpmauxinifialtyedue vp tes poediitegniRed gangep.  13.
The apparatus of claim 10, wherein each of the RE

groups include a sanme nunber of valid REs for .
transhi ssi dheofpnanatus oft elaimc h@nmdierein the controller determines

whether the RE being subjected to time-first allocation is a first RE which is
allocated to a corresponding RE group, and when the RE is a first RE, increases
an index of the corresponding RE group.

12. The apparatus of claim 11, wherein when the RE is not a first RE,
the controller maintains an index of the corresponding RE group.

13. The apparatus of claim 10, wherein each of the RE groups
include a same number of valid REs for transmission of the control channel

except a RE for transmission of a reference signal.

14. The apparatus of claim 10, wherein at least one of the RE groups



except a RE for transm ssion of a reference signal.

14. The apparatus of claim 10, wherein at | east one of
wo bmoRE0gs oupsfurther includes the RE for tranBoi/KR2@R/005833

of the reference signal used for channel estimtion.

15. The apparatus of claim 14, wherein an RE group

i ncluding an RE for transm-sSsi-on of the reference

signal has a greater nunber of allocated REs than a

nunber of allocated REs in an RE group that transmts
fughéryincheles st RA fah@amrhissibé. ofTthe refqrenad signalf ussdafomchannel
esﬁf i erein the control channel includes a Packet

d'%4t ed Control Channel (PDCCH) transmitted on a
downl i nk. 17. The apparatus of claim 10, wherein a

resoyr.ce a cation f the .P i.s perf.orned.af.ter a
esodpte aTPEERbrafug 8f clhltR A s iR BrR EErPES i e RE
fot trdnsmissiom &h dnn edfefdPCE| GEhalalmd a gPbatsi maimbdy lofi allocated REs
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chiselare all ocated in units of OFDM synbols on a tine
domain, and are allocated in units of OFDM tones on a
frequency domain. 19. An apparatus for receiving a
cont 16l chdhaappimatus aSdaintd0i piendin thiErontnolechambel iacludes a

PR A R LR AR RSl

conprising: a receiver for receiving the control

dormagi ng. AeanP ekl B chVR" MieapBreh i RRErek Aogation for the
PROGH ol parfiemmeel aftemal resauwoe mtibtatiorf dor, a hysical Chaenel Format

i - f i ndex, of. i | e RES  ar
InffSR SHRoRs’ (ENEY ahd 0¥ s b OF SFuRE Repeat reQuest
(HaARIQ)dndecaREL hannel (NHUCHRNsi onal structure of (k, 1),

and controlling the demapper to demap the control

channel, which was transmtted according to a mappi ng

rul e 18or t iThe-appasted dOclaimnd, edeineiREhe R Es plewalkicated in units

il.e ingcr [ ety ' .

or Y SLANER P G, MR Sl B Bt g R voncs
onpr Brdguancyidosthinange. 20. The apparatus of claim 19,

wherein the mapping rule is adapted to determ ne

whet her the RE being subjected to tine-first

al | 0od&ti onAins apphiates fEwWTectiving a | omdradd chenmel by a User

- . e
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a demapper for demapping Resource Elements (REs) from the received

control channel; and

a controller for, when a time index and a frequency index of available
REs are defined as 1 and k, respectively, dividing the available REs in a two-
dimensional structure of (k, 1), and controlling the demapper to demap the control
channel, which was transmitted according to a mapping rule for time-first-
allocating each RE to a plurality of RE groups while increasing the time index |
for each frequency index k from an initial value up to a predetermined range.

20. The apparatus of claim 19, wherein the mapping rule is adapted
to determine whether the RE being subjected to time-first allocation is a first RE
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which is allocated to a corresponding RE group, and when the RE is a first RE,
increase an index of the corresponding RE group.

21. The apparatus of claim 20, wherein the mapping rule is adapted
to maintain an index of the corresponding RE group when the RE is not a first RE.



