-1- METHOD AND APPARATUS FOR ALLOCATING RESOURCES OF A CONTROL CHANNEL IN
A MOBILE COMMUNICATION SYSTEM USING ORTHOGONAL FREQUENCY DIVISION
MULTIPLEXING BACKGROUND OF THE INVENTION I. Field of the Invention The present
invention relate‘g%é??é/roé‘ﬁi}/’]?o a method and apparatus for allocating resourggglmoﬁm(&%%ﬁ) channel in
a communication system using Orthogonal Frequency Division Multiplexing (OFDM), and in particular,
to a method and apparatus for allocating resources of a downlink control channel. 2. Description of the
Related Art Recently, in mobile communication systems, intensive research has been conducted
on Orthogonal Frequency Division Multiplexing (OFDM) as a scheme useful for high-speed data
transmission on wierareiats b Adda Ry EQRALL QG ALINGBISY ey P liole carriers,
is a kind of Multi-GaENT'RIE AN hatde i SHEamENMD parallel
symbols, and moduigierearat the oNAle FRIMYOIE Nty DIKIPH ORNODON Y FegUENEtones, or
multiple orthogonal subcarrier channels before transmission of the parallel symbols. The
MCM-based system was first applied to military high-frequency radios in the late 1950s, and OFDM,
which overlaps multiple orthogon&%@ﬁ%ﬁﬁ%@r ,N%é)rfe?i{ﬁ b@/yém%%@w since the 1970s. However,
application of OFDM to actual systems was limited due to the difficulties in realizing orthogonal
modulation between myltple coriirsntigwgper, Weinstein et al. showed in 1971 that OFDM-based
modulation/demodulatl?g can be tef.fICqut% proF?ssed usi %Dtiscrete Fourier Transform (PFT), and
remarkable technical dev%lgf)?%eenntsl.nlﬁ% have FSeR i deoo%gpﬁ%%. Al it?gﬁgf@}}lgs BFDM uses
a guard intervaflsatRs IsEAYECSH indeftiRGYE ICYckbPyes]x (T P) Gafbvaigated isYSHoRl Bskhgwn, the
OFDM system bathogdies ablyqeshose Db ioagiiviepiékiapcedBDIG, syste in' spartiltipiath @and delay
spread.  Owdiag, 1oy sHahyigahnicatsleyrioRmenis QRN fachRolngx iSqifalwphRlied to digital
transmission technologies such as Digital Audio Broadcasting (DAB), Digital Video Broadcasting
(DVB), Wireless Local Area Network

2. Description of the Related Art

Recently, in mobile communication systems, intensive research has been

conducted on Orthogonal Frequency Division Multiplexing (OFDM) as a scheme
useful for high-speed data transmission on wire/wireless channels. OFDM, a
scheme for transmitting data using multiple carriers, is a kind of Multi-Carrier
Modulation (MCM) that converts a serial input symbol stream into parallel
symbols, and modulates each of the parallel symbols with multiple orthogonal
frequency tones, or multiple orthogonal subcarrier channels before transmission
of the parallel symbols.

The MCM-based system was first applied to military high-frequency
radios in the late 1950s, and OFDM, which overlaps multiple orthogonal
subcarriers, has been in development since the 1970s. However, application of
OFDM to actual systems was limited due to the difficulties in realizing
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



- 2 - (WLAN) and Wireless Asynchronous Transfer Mode (WATM), i.e., OFDM, which was not widely
used, due to hardware complexity, can now be realized with the recent development of various digital
signal processin technolo ies, including Fast Fourier Transform (FFT) and Inverse Fast Fourier
Transform (IFF -Ll(}JM although similar to the conventional Frequeﬁ&fﬁwg%ﬁ'%ﬁjﬁlplexmg
(FDM), is characterized in that OFDM can obtain the optimal transmission efficiency during high-speed
data transmission by keeping the orthogonality betwgen multiple tones during the transmission.
Additionally, OFDM, having a high frequency efficiency and robustness against multi-path fading, can
obtain an optimal transmission eff|C|enM§/ during high- Epeed data transm|SS|ons OFDMﬁrovides
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FIG. I illustrates a subframe structure in a general LTE system. One Resource Block (RB) is
composed of 12 tones in the frequency - 4 - domain and 14 OFDM symbols in the time domain. RB #1

111 representy}g%ifgé%ﬁg%%, and FIG. 1 shows a bandwidth composed of aptg%%gs% 3gom RB

#1111 to RF3 e time domain, 14 OFDM symbols constitute one rame 117, and
become a basic unit of resource allocation in the time domain. One subframe 117 has a length of, for
example, 1 ms, and is composed of two slots 115. - 3 - A Reference Signal (RS), which is agreed upon
with a Node B so that a UE can perform channel estimation, is transmitted, and RSO 100, RS1 101,

RS2 102 and RS3 103 are transmitted from antenna ports #1, #2, #3 and #4, respectively. If only one
transmit antenna port 18 @%@8‘,“@%& Eig ﬁotauglé%l thfn%rrﬂggf(’J???aT?a %&afogaéﬁal 3103 are

used for transriisdidatiohdsymbpobicinsihhal syerpleing aidarainsntt eortedrpseinentre ddfined, RS2
102 and RS3 19ghaig Lk fgutians Dissvh O gRtal O neeetkol CTIDM AYyRBedsn gendatddhenidequency

domain, thougﬂ%ﬁgﬁﬂ%gﬁwg@fyggg@ e s 5Ale Aranoenere ol dlfsantydar each cel
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a relative interval betwe constant, I.e., RSs for the same antenna port maintain a 6-RE
interval, and a BIREMANAT T AT FEa B SR ER S Ak a Esger‘fcsﬁh&ﬂ%dpb%m%w S2102

and RS3 103. Tjrecalrsdhateupo Sitioths R8s gafer sehidiff Bt drapachittse| kimdoretwi veravdid inter-cell

collision of RSgrrangeMpaWiit:A contidichanng! isdisposed ipithrefateltonhafl e aubfigre on the
time domain. Ina@% lﬁlreferemce numeral 119 shows a region where a control channel can be
olc

disposed. A coRtr Y

aﬁﬁgf%an be transmitted over LLeadinggOFDM symbols of a subframe, where L
= 1, 2 and 3. When th®/@Bht8) dHiGInB1BArY B stARIEing, tharfamitlRliGHtieBnE SISV §ybol as an

amount of dataietibeltrapisyvitiecimanehlWirdy thécadin @EDNVasy mploy sscakeblaioredasing zhannel
transmission (kfldqand iheJeraaining 13 EPMavshRis A e HReIr ArthCEannelEasission.
When the control channel uses 2 OFDM symbols, orgy %ﬁlea ing OF %/jjs;émbols are used for control
channel transrTREIBI FA Sheing %ﬁqﬁﬁ%éeiﬁlﬁ b %V?jiblgléq RISTGEEY G0 SRHAnET el
transmission. \Wyeitahetsomeblahanses| es&Fallber B0 FDMasy phigore hsteiesamadinyief g to be
transmitted is igsgandreadinys QRRMisyMEisre whded iemeantielddaasel irasspissioar(b=3), and the
remaining 11 OFDM sYmhgls 31544554 [0 7R SPNAAL YATSIISRAN, ra TG TARSPR.(RFadspOSIng the
control channef h tﬁe orefront of a subframe Is to allow a UE to determine whether the UE will
perform a datechannel, it is preferable to arrange one physical channel on a set of REs expected
to have very different channel states. The former scheme is mainly suitable for
cases where the transmitter transmits data for one user who is insusceptible to a
time delay, and the latter scheme is mainly suitable for cases where the transmitter
transmits data or control information for one user who is susceptible to the time
delay, or transmits data or control information to a plurality of users. The latter
scheme uses resources having different channel states in order to obtain diversity
gain, and within one OFDM symbol, frequency diversity gain can be obtained by
mapping a physical channel to subcarriers that are spaced as far apart as possible
on the frequency domain.
Recently, in the 3rd Generation Partnership Project (3GPP), a
standardization work for a 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



- 5 - channel reception operation by first receiving the control channel and perceiving the existence of
a data channel transmitted to the UE itself Therefore, if there is no data channel transmitted to the LIE
itself, the UE has no need to perform data channel reception, making it posi) 1t8 % %& power
consumed in the A& ehannel reception operation. The downlink contro anne efined by the
LTE system, includes a Physical Channel Format Indication CHannel (PCF1CH), a Physmal H-ARQ
(Hybrid-Automatic Repeat reQuest) Indicator Channel {PHICH), and a Packet Dedicated Control
CHannel (PDCCH). A PCF1CH is a physical channel for transmitting Control Channel Format Indicator

(CCFI) information. CCFI |s 2-bit information for indicating a reg where the contr annel can be
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state to reduceRf2 Mdcuntietddontraesnissen Plodwyor, v lctignnksyolime rate is applied to a UE

having a poor channelsiatg ey ibaegdhaiamenis! fiesabreaettsassisonsreasdts thhsenabling
normal receptiqyy, The amouné%f resglérggﬁ é(ﬁpswpggcgycggglglg&g 1898%%1%@%@@@@9 in units of

Control Channe Iemerrﬁs s ora vin channel state, the PDC Els -6 -

composed of oﬁlﬁi“’dﬁé’@@@mah& ik 3 e H’&\ﬁﬁ@‘%%ﬁ?%ﬁﬂﬁe‘?‘&&f@”{ﬁe SPFC RIS S ated using
a maximum of 8 TREdnfEheahismbeinofiC Bstused REQdiratidgidihie PDCOH soreenRE2, 4 and 8.

One CCE is cofpposadragat %'é'%%mt%@&:ﬁﬁxsﬂemﬁ%& &ifet&Hth FoPseavtive MES except
for the RE used for an RS, %n the fr %Zﬂ‘ﬁgpiﬂﬁ ?ﬂg%a For NccE=9, the number of REs used for

generating one’BISCE AR HEDF A mini-CCE is a basic unit of resources
constituting a PCFICHMpyEilgieromHel penrcH sAisnREd indhe fshowedsmEERrRhount of
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the amount of r%%?}bﬁc‘éﬁaﬁn‘é?t&m‘E‘?ﬁx@ﬁo@é@t&fd&‘{ﬂf&c&%n%ec% BICHaiS:aRnedakRe:using NpaicH
mini-CCEPS! atlea ?r? d OFDMl_s| Irsﬁgmrs]eorfEl taegugggglel\l%herer}lml ?CZEang %r Iélnct %%r(])%tlr\gi cthe
PCFICH g y
channel can be sufficiently transmitted with one OFDM symbol as an amount of
data to be transmitted is small, only 1 leading OFDM symbol is used for control
channel transmission (L=1), and the remaining 13 OFDM symbols are used for
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



uses 16 REs and the PHICH uses 12 REs. In order to multiplex several ACK/NACK signals, the
PHICH employs a Code Division Multiplexing (CDM) technique. Four PHICHs are CDMmultiplexed to

one mini-CCE, and are repeatedly transmitted so that the PHICHSs are spacl:)ed/as f%s%%gsrtsas by
Npfficii on the fPE}E¥8& 8 main in order to obtain frequency diversity gain? TRERISIE™ WA a use of

NpHicH mini-CCEs, 4 or less PHICHs can be generated. In order to generate more than 4 PHICHSs,
another NpHicii mini-CCEs should be used. If the required number of PHICHSs is M, ceil(M/4) x

NpFlicH mini-CCEs, i.e., 4 x ceil(M/4) x Npj REs, are used. Here, ceil(x) is a ceiling function used for
calculating the minimum integer greater than or equal to x. In the mobile communication system

using OFDM, acheRRelpifSARYORBRARANHRE ATHaEhiRE RS SRBES BN LS RANTCHkILS
conventional reheuwcistaiocatiandathehaarfel tramsniittidgatiowintsadnrbecifarmef ithers fisllows:

When allocatiop ofi a9 Bfzset fRhiansmiseianol & artiokrbanmelis somplgted jartbeeatite frequency
band of the first OFDM Sémb.ol periolgl, allrgcatior{b?g an RE |S\)$1I‘ for transmission %1:_% %gtré)l channel is

performed in th@@?ﬂﬁ%’ﬁ ‘?ﬁ}é%yr%%nla%f RS EEESnd RS seyﬁm%"é’f’f)éﬁ%‘?%et &

‘ ( iS manner, in the
conventional redwansd HGEERBPREFAIAR, resource allocation for an RE set is performed in a
frequency-first manneriinecdetvinRMsyrobehparield deffetdrbyatismidiorystancantrbidssannel.

SUMMARY OR,THE INVENTION:schay 1naRBASPRSLATaf preSsbyenian s addhees at east
the problems and/or disadvantages and to row§[e aéjeast tg adv??né% éﬂg)rscnged pel%\{.
Accordingly, the R HRBAHG NSHSAL S B S 2 g‘ﬁfﬁ[ 5 EIE fflfg tesburte allocation
on a downlink EmticitehaGnetrivl (iaenfis(PRABAEDInA Riobledoimnsunivetien] sfsersluimg OFDM.
Further, the presgREIRVEROSRIOVTIRM Al FesacTalRcALP (TTE)dd fansl /RRAraUBIier Zisiontrol
channel, for imprioying, (v Greity 2% MORLE PAMTUNRATOR AP GIIENG, P BPMsposedn addition
the present invention provides a method and apparatus for performing resources alloci%%n ona

PDCCH in a d&eafnsedhal ETeayeidacive thacontohahmmge! untihie Mg e anes dspbtt of the
present inventibOFiGie is prioaidedt hatrwtidasforal duating eesoir che ftfreortrekehpihwdein a mobile

communicationysysig ik YEaQHn OB EAURASHBINsION Mulllo g (OFBM: The 1vethod
25 1 and . rosSBRATLP AN (R MATAIERES 1N oS b o bt e
time-first-allocdtingmitti RE 1he HistaRFOMREYGBApsAVAIE Al eltsih IS G e TRAE] % each
frequency indexdnéramiag indiahvalie AORONACIdeigmingdWahgmciving a PHICH is a UE
that is performing data transmission on the uplink. Therefore, the number of
PHICHs is proportional to the number of UEs that are now performing data
transmission on the uplink. The PHICH is transmitted in the first OFDM symbol
(Lpuic=1), or transmitted over three OFDM symbols (Lpuic=3). Lpuicu Is a
parameter defined for every cell, and for a large-sized cell, since there is difficulty
in transmitting the PHICH only with one OFDM symbol, the parameter Lpuicy is
introduced to adjust it. PDCCH is a physical channel for transmitting data channel
allocation information or power control information.
For the PDCCH, a channel coding rate can be differently set according to
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



According to another aspect of the present invention, there is provided an apparatus for allocating
resources of a control channel by a Node B in a mobile communication system using Orthogonal
Frequency Division Multiplexing (OFDM). The apparatus includes a mapp ' esource
Elements (REs %@%?é%‘?eg)’/féor transmission of the control channel; and a co%r?rf'g/ er gﬁh\?\i gn atime
index and a frequency index of the available REs are defined as | and k, respectively, dividing the
available REs in a two-dimensional structure of (k, 1§ and controlling the mapper to time-first-allocate
each RE to a plurality of RE groups while increasing the time index 1 for each frequency index k from

an initial value up to a predetermined range. According to further another aspect of the present
invention, ther€S8BRSHHEE Sﬂlép‘ﬁf‘aeraﬁggoﬁf@cef%n@ Qéhﬁ%ﬁnﬂ%‘?’bﬁ%@%%r%ﬁﬁipﬁ%nt (UE) in
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?pp(?ratus incl%ﬁ&ﬁ{@@h@?ﬁmm@m t@@1930*40&@&1@mie‘r@@lr@iwaﬁkqs&@bméba&erpappir
or demapping.Resource ents (REs)from the received contro| ¢ : reller for, when
a time index - 8 Ealiy ‘f%%’eﬁ%“ |gﬁlaEe§<b(r)éf é?/g"ll%{leo éﬁgé{}see lét?\r,leégggg %L{zf%@gkﬁ)rﬁgéegﬁely,

, |
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drawings in whighshlSidrisdndisganhdlusitaling:d ssoiiaree istrdatureiiea genese bEnsystem;
e S ORI R U et i s L
generated using Npyicn mini-CCEs. For Npcpcw=4 ‘and Npycy=3; the PCFICH
uses 16 REs and the PHICH uses 12 REs.

In order to multiplex several ACK/NACK signals, the PHICH employs a
Code Division Multiplexing (CDM) technique. Four PHICHs are CDM-
multiplexed to one mini-CCE, and are repeatedly transmitted so that the PHICHs
are spaced as far apart as by Npyc on the frequency domain in order to obtain
frequency diversity gain. Therefore, with a use of Npwycy mini-CCEs, 4 or less
PHICHs can be generated. In order to generate more than 4 PHICHSs, another
Npyicy mini-CCEs should be used. If the required number of PHICHs is M,
ceil(M/4) x Npyicy mini-CCEs, i.e., 4 x ceil(M/4) x Npyicn REs, are used. Here,
ceil(x) is a ceiling function used for calculating the minimum integer greater than
or equal to x.

In the mobile communication system using OFDM, a description of
which has been made with reference to the LTE system, the conventional resource
allocation scheme for transmitting a downlink control channel is as follows:

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



FIG. 3 is a diagram illustrating a control resource block and a mini-CCE indexing method for N™,=4
and L=3 according to an exemplary embodiment of the present invention; FIG. 4 is a diagram
illustrating mini-CCE indexes in a control resource block #0 for 1\1"t=2 and | = aﬂc%%(gg} to an
exemplary embBSHiE 8 the present invention; FIG. 5 is a diagram ifustra |n8 minl-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 Nam=Il or 2 and L = 3 according to an exemplary embodiment of the present

invention; FIG. 7 is a diagram 'Ilﬁtrating mjni-CCE indexes in a control resource %i(%ck #0 for
N3m=4 and L=2 accorihdiEe5h &P oy BinEBATASR B IReTBAESEn e RTARS ProAES g is a
diagram illustratidtpn disatdointaggareabliscipwmtdds minieaxt Bhiadukingtageshdestoiiidrheldwind L=2

according to angxQuaIRkaRY eRposisent ahthatieserbilyentignmeiod andlGSiEadiagsam
lllustrating minj-€, o'?n{ﬂadge?t Sl & CongolIss o ce QR@@%{)"&N@?%@HQ ﬁ% 4ceRrdingfo an

exemplary embodimentof the present mvention: is.a diagram flustrating mini-CCE
indexes in a coRMAGSEFRRbHE CRREHBHAIHPL 155G using LFIAG to an exemplary embodiment of

the present invention;Further, the present invention provides a resource allocation method and
apparatus for a control channel, for improving diversity gain in a mobile
communication system using OFDM. |

In addition, the present invention provides a method and apparatus for
performing resources allocation on a PDCCH in a downlink of an LTE system in
a time-first manner.

According to one aspect of the present invention, there is provided a
method for allocating resources of a control channel in a mobile communication
system using Orthogonal Frequency Division Multiplexing (OFDM). The method
includes, when a time index and a frequency index of available Resource
Elements (REs) are defined as | and k, respectively, dividing the available REs in
a two-dimensional structure of (k, 1); and 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.

According to another aspect of the present invention, there is provided an
apparatus for allocating resources of a control channel by a Node B in a mobile
communication system using Orthogonal Frequency Division Multiplexing
(OFDM). The apparatus includes a mapper for mapping Resource Elements (REs)
available for transmission of the control channel; and a controller for, when a time
index and a frequency index of the available REs are defined as | and k,
respectively, dividing the available REs in a two-dimensional structure of (k, 1),
and controlling the mapper to time-first-allocate 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.

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



FIG. 11 is a diagram illustrating a control resource block and a mini-CCE indexing method for N"t-1 or
2 and L=2 according to an exemplary embodiment of the present invention; FIG. 12 is a diagram

illustrating mini-CUE indexes in a control resource block #0 for Na,1=2 and L=I accordin ﬁ%to an
exemplary embddiffERt 3t the present invention; FIG. 13 is a diagram Fﬂﬁgﬂgﬁﬂ MEtUE
indexes in a control resource block 140 for Nant=1 and L=1 according to an exemplary embodiment of

the present invention; FIG. 14 is a diagram illustgating a control resource block and a mini-CUE
indexing method for L=1 according to an exemplary embodiment of the present invention; FIG. 15

is a diagram illustrating an embodiment of re uIar-%Eg resource selection according to an exemplary
embodiment of b prEsaReHGYeitfis¥ of aF‘T& oREY raeAnedsBatihgish lentBeRfsiEh6f

zone-based restivikiiegste availade dEmn o to v elierapioyad sihadimest (f, theapesentrolliegtion;
FIG. 17 is a diagafgy] mm&ﬂgmewh%'%ﬁhe Wﬁ@%@%&%ﬁﬂ%%@&mﬁe%rdmg to an

exemplary embodiment 0 t prese |nv tlon 8 is a dla am cE,ngtra\tln an e bodiment
of resource- ma%ﬂﬂ%nf%% ?ﬁrté%eh IFﬁ% 8?%\!’”“%-% L%Eﬁ% fx &Ry %‘é{R Semplary
embodiment of HsEeHTEgeiheifiven e | fOF@Cllﬁﬁél‘aeaFé’gWﬁﬁlhﬁﬁHﬂr@aﬁléﬁhb@mm@hﬁ@f mapping
PCFICH and Piti¢adetganaradirghgé Es from the remaining mini-CCEs, and mapping PDCCH
resources according to an exemplary embodiment of the present invention; FIG. 20 is a diagram

tne present invention acoora Vel BLSAAY) SHsca GO RS B verton:  F o

The above and other aspects, features and advantages of the present
invention will become more apparent from the following detailed description
when taken in conjunction with the accompanying drawings in which:

FIG. 1 is a diagram illustrating a subframe structure in a general LTE
system;

FIG. 2 is a diagram illustrating mini-CCE indexes in a control resource
block #0 for N.,=4 and L=3 according to an exemplary embodiment of the
present invention;

FIG. 3 is a diagram illustrating a control resource block and a mini-CCE
indexing method for N,,=4 and L=3 according to an exemplary embodiment of
the present invention;

FIG. 4 is a diagram illustrating mini-CCE indexes in a control resource
block #0 for N,,=2 and =3 according to an exemplary embodiment of the
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. 21 is a diagram illustrating a transmitter structure of a Node B. to - 10 - which the
resource-mapping proposed by the present invention is applied according to an exemplary
embodiment of the (Present invention; FIG. 22 is a diagram illustrating a UE's receiver structure to
which the resouwrgé-ﬂ%{)ﬁf)%(g proposed by the present invention is applied §§géﬁﬁoggﬁ/803§?3exemplary
embodiment of the present invention; FIG. 23 is a diagram illustrating an embodiment of control
channel resource-mapping for Nant=1 or 2, L=2, andd_pHicH=2 according to an exemplary
embodiment of the present invention; and FIG. 24 is a diagram illustrating an embodiment of
control channel resource-mapping for N"t=4, L=3, and LpHIcH=3 according to an exemplary
embodiment of the pre€Eft thitAtlASBETNNSER PE SEREHD \pesEIs RE R KD IEMBODIMENTS
Preferred embddicierts dbthl presemdineltioravilimpwoderd eseriyddrin defaikdivittntetérénce to the
annexed drawipgseli? theciaiigying description, a detailed description of known functions and

configurations incorporated tberein as been o it%ed for.clzaE(Eand conciseness. Terms used herein
.. 1071s°a -

. tagram illustrating ming indexes 1n a CF t{o resource .
are defined based on functions’in theresen |nven' on and may vary accordi 0 users, operators

On
n
intention or usPPFatcEy. Mherdicred theZents ¥NHIAd Ve defiem rémbqg@ﬁﬁfeﬁfsqﬁroughout

the specificatiopresent Frnfeatheifer understanding of the present invention, a description of the present
invention will be madeerein sepatalelt{on iRk LARINGJSRRMERIRAA RGN L efhysical
channel, and res ur.ce-maﬁflg%foil\]a (:::cintroi %{%3?;@# Partlcularlfy, in a description of mini-CCE
indexing, the ntINBEPREIR-OF Ghtenita poffsafilf the aasLding, K SRR control
channel will beodiékeirsgin iazealliear a better understanding. The present invention indexes

mini-CCEs in a time-fifstGnaprien diapaihenuioainkyaieal COaNrIdy Y egulabaap! esouree selection
or zone-based yRSQUEGE 1%?'6}%9,,9—"2 g then MaRs a0 ol sl sk AR 8HGECH ;£ HICH and

a PDCCH to the physical channel.
present invention;

FIG. 13 is a diagram illustrating mini~-CCE indexes in a control resource
block #0 for N,,=1 and L=1 according to an exemplary embodiment of the
present invention; ‘

FIG. 14 is a diagram illustrating a control resource block and a mini-CCE
indexing method for L=1 according to an exemplary embodiment of the present
invention;

FIG. 15 is a diagram illustrating an embodiment of regular-gap resource
selection according-to an exemplary embodiment of the present invention;

FIG. 16 is a diagrarh 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



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 miniCCEs is first defined._A
mini-CCE indexing method is defined differently according to the number NI,n, of antenna ports and
the number L of ® f)gl(ﬂ“g&?nbols used for a control channel, and applies iﬁgg’(ﬁ&%ﬂ"’goﬁf for indexing
two-dimensional mini-CCEs first on the time domain. With reference to FIGs. 2 to 14, a detailed
description will be made of various examples of resqgyce allocation for a control channel in an
OFDM-based mobile communication system according to an embodiment of the present invention.
FIG. 2 illustrates mini-CCE indexes in a control resource block 40 for NI,,,L.=4 and L=3. . The term
‘control resourdd B ckiCaSGIQBEF FreRaRPIRge FEQBCs St B rEto IPESE o IMYS8EE T B2 30RHSN the
frequency dommicpadidg t Q& Divesypidoyl srobdiertemerd dmairesdierh2Riemare equal in number to

frequency-domain respyrces GonstitipghoRg Rt hssHing thattheraisdimest nq gitiergace in
channel response within one R B, the LT s&lstem efines 12t.frequen(é’¥i-d main RES goré%tituting one
n

RB, as one RB TCCEN BEEBIHE ?%%Dﬁ?gt ere idaimost no aitrerencEin ¢ aar(fﬁgfc}lensgpoonse within a

control resourcE BRI £8RRPEHTEN asmmsgsmt AR positions of RSs in FIG. 2 can vary
according to the definifith digeis by diaghaitineiNasiantoeexertnitadifisencefondineanici<«aad indexing.

As illustrated in.ElG2. fapMNFe'fof RD0=G one-conirdl resource Dloskineiides LaeipbGES.
Reference numeral 200 m?clﬁl es a mini-CCE #0. One mini- CE should be composed of 4 valid REs,

and since 2 RETRPETRSHY Y REIHOHEMini-CCE #0, the mini-CCE #0 is composed of 6
REs, including RSs. \Wien fnésfiestdisgasingilbsippiiieg, aheameedinmrCCE isaairshict@met1 201

disposed in theeaeiciiapp il Sipiarly ~gnced REsa:a usasbiamigSid aad BSaigheymini-CCE
#1 is composed of iR e IHHIHIG B S (LMIBECCE #2

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will now be described in
detail with reference to the annexed drawings. In the following description, a
detailed description of known functions and configurations incorporated herein
has been omitted for clarity and conciseness. Terms used herein are defined based
on functions in the present invention and may vary according to users, operators’
intention or usual practices. Therefore, the terms should be defined according to
contents throughout the specification.

For a better understanding of the present invention, a description of the
present invention will be made herein separately for mini-CCE indexing,
resource-mapping for a physical channel, and resource-mapping 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 is first defined._ A mini-CCE indexing method is defined differently
according to the number N, of antenna ports and the number L of OFDM




202 is disposed in the next OFDM symbol. In the subfrarne, 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 tha he CCE 42 202. Similarly, when the time-first indexj | ied,
mini-CCEs #4%%} éﬂ%?and #6 206 are disposed in the first, second ar)%e&/wd (O)F/g(%/legslf/mbols,
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 Nant=4 and L=3. The
mini-CCE indexing method within one control resource block is explained hereinabove regarding FIG.
2, and the method i |r:lﬁ hICh m| FQgEs are in in exe over the entire s ie band is described
regarding FIG Sﬁmlgﬁ' ng%%lllﬁo AtrST r88SUFER BB AR #6THArd equaf)fol?he Mini-CCE
indexes in FIGv&- dﬁﬁﬁa%@miénréis@@&- ﬁ@é@m@%@%@%%bjected to mini-CCE indexing in the
same manner. In a genetializgetdrsciptiataf MieiCL R idcaxes, &eﬁ&t@;bﬁiﬁﬂ Wil #e Giglefafini-CCE

#7K 10 mini-CQR (K4 Q@ﬁ%sd@é'&%gapc@ &HGEE@#J@%BPB%&'EPBK&E‘&&&? ip thecrprighedp. 221, 222,
223, 224, 225 and 22 e mini-CCEs, the mini-C 883 224% |sposed in the first

OFDM symbolmﬂ’lt@ muﬁ?‘é’éﬁ’%‘%ﬂna@%?&%‘?& &qnatﬂees‘@ HSC%RY the
mini-CCEs 22&28ioand 226 are disposed in the third OFDM symbol. It is possible to determine in

which OFDIVI symbolpa@aptiquisirasi-pECOHiSpasres by salemabngdhmrenslingerobiained by
dividing the col(fes:giond rlg:?'llnl -CCE index by 7. If the remainder is O or 4, the corresponding

mini-CCEs are di"sposed in the first OFDM symbol. If the remainder is 1 or 5 the corres ég ing
0

mini-CCEs are dispos€tcii¢H s&esHa CTI@ES’IW%%HHB)& if the YaRdaiRIEs a8, 20 nding
mini-CCE is disposagdrctinepthied OF DVRIysnhothe frefirmecfirdbindiexmyl Us€3FhdIchardatisristic that as

a difference befyvenh hyp GG E indexesrieases &B? ﬁPfﬁ%%’&fid't!&g i GFEsMgispaced
farther apart from each other.in the freqlﬁgg domaln heﬁrﬁ]ore in Izilter&gefmln L mapping rule, by
mini-

generating onéeﬁ?m'ifso%sal‘:(?ﬂ%wglr\%lt éésu g agrea e inaex girren dr

ference, s p055|ble to

maximally obtalrefieduesrsnepveisiingens. RB, @RBLEE(II%@%@ﬁﬂﬂ?@@&fﬁ%é%@nﬁl%mrol
resource block#Q temMaasReatiE IRB, As diffeBcét frambel CorRidetledt thinciare RAlimckefired in the

second OFDM,symiol, ’TH“&}%?E& 304,303 %ﬁ@% W&%Pﬁ%s@&&%s%%&t'&%s%%CQHdtQ&:DM

symbol, are eac composed of 4 REs. The con%&gesou ck #0 210 includ satot of 8

mini-CCEs, arﬂ?ﬁ%%ﬁ%?@ct@d%ﬁ%ﬁﬁ§itfﬁ8%ﬁ She same zfﬁﬂe?’,a% 401 %.Fﬂ Es of
mini-CCE #0 tdafimi@CEvEN dre imdeXedie theriender of<300n80MBERAC803) 304,1808;F06 and 307.
FIG. 5 |IIustratg§1§§m%CCE indexes in a control resource block 40 for N11=1 and L=3. Though only

RSO Is needed as oy o ANNENNA RAGIS AFANGS. SINGEF RS uneliissl I pasitiga,or and the

number of valid REs acstua y aval a’tr)]l oF rfini- generafion are equa to the number of valid REs

of the case wHerkiEg® Aritinig BEs BeESaentroaumssbell, indicpias fyiiRk hbbdh dPRhtenna ports
is different fromifie0UEbeuR Batennaged D FiEdARBie anthsincd 3 -REs are used for RSO

and RS1 in the mini-CCE #0, the mini-CCE #0 is composed of 6 RESs, including
RSs. When time-first indexing is applied, the next mini-CCE is a mini-CCE #1
201 disposed in the next 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



CCE indexes are equal to the mini CCE indexes of FIG. 4. The mini-CCEs #0 to 47 arc indexed in the
order of 310, 311, 312, 313, 314, 315, 316 and 317. FIG. 6 illustrates a control resource block and
a mini-CCE indexing methaod for 1?1™t=1 or 2 and L = 3. The mini-CCE indexing.m d within one
control resourcvéioofc‘gb A2 Deen introduced in FIGs. 4 and 5, and the meth%@?r‘?’&vzﬂ%%r‘?]sﬁﬁ-CCEs are
indexed over the entire system band is described in FIG. 6. Mini-CCE indexes in the control resource
block #0 210 arc equal to the miniCCE indexes in Ei@s. 4 and 5, 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 8 mini-CCEs of mini-CCE #8K to mini-CCE #(8K+7) are defined in a control
resource block #KABINHE B RIE dpdasdaver 4ho enlite susiennbandis degcabed Arsartingem, the
mini-CCEs 33F&nd333giaieidpasdckas theddirsn@sDivseymbdieble Min?-Cis 83d31383thad 336 are
disposed in theggrerchQRRN:SYMPES, anshihe spifiE REs 332 bidk B8 AresdisRosagadhe third
OFDM symbol. It is&xg&a’ Iemtggd%erlmiﬂ%ig Whi%\ 1%lérDI\{Insa/m(l?r(l)Irglpzar i%ular n'{lpln% E isi(_jisposed,
by calculating %)e[r}érhaln ero alrﬁecpby_d_l\%g e corres %ncﬁng Mmini-( CERRGex f/né‘.llf the
remainder is 0 o5, ifflexesradpin @hg mimi-CEiEssod ivigis & Ttk higi-O FEN(EHB AT the
remainder is 1dsfored,ithe aarrespessling iiodkGEBES] arindisposdéd vf i) s2eonel@PDR) 2944bol. If the

T ilstrates mis o G e resource
block includes %ﬁ‘rﬁﬁc@g)ﬁ?’e‘%ﬁ?ﬁréeré%lgﬁ'r&ég%fo%%#ﬁnﬁ%&gg’ifbﬁé&?é)aetl% %%‘f’ﬂsr%??ﬁéexing, and
mini-CCEs of ¢ Ey#obe) naitd GeEnis-dreisdele Eibihndrdes sracisprosd 40 2nthuds. As all
mini-CCEs inclOHBM Sgnibeanibesnsiedilaalotideterifiine Gic svbash @FDodrepased offaiitidar  FIG. 8
lllustrates a copy :82%%?9%“?18?&4%&‘,”%@ DBl 'H%eﬂ?ga‘iﬂ%‘é}ggbf&éd\é&'}aéa&@ihﬁ?g {ife mini-CCE

indexing method w one control resource block has been introduced in FIG. 7, and method in which

Mini-CCEs are’fsRoadieiaidntite BYstel BaHdhe GeBaitie rlbihd 8 EOBTMIEEE indexes
in the control resouféElsiack 3 RsBEIR bhyuastcOheMisiaiek iHdbgestimmdsr % and 2 dontrol

resource block:#leddngialshanbiected iedninifeled inflakingdadhe LaRMVNaDARMGLIINGE agneralized

description of rréinia{in el% {Q %ra6totall.rog 4 m'ni-CncllEls: 8&??3' CE S#A%< fo g“%%a&)@& -P3) are
defined in a - T EORS) resolicd SIOCKRR™ TS iNthe orderd if(%) izf % an - Among the
mini CCEs, thé#iP®RICCEs 400 and 402 are disposed in the first OFDM symbol, and the mini-CCEs

401 and 403 are disp(_:l?;_ﬁdaiﬁxt%_“teiﬁ&aoiﬁg @%E)Itﬂnswhiﬁi_@bt&istnoa&i_blest@ dﬁfﬁsma:ine ﬂﬁemein OFDM
symbol a partigylap mineE & igdisppsed, by aalciaing e e RARdeE abRIned, by diidipg the

corresponding mini-CCE index by 4. If the remainder is O or 2, the cqrrespondin i-CCEs are
disposed in théﬁ?@t%ﬁbﬁ?’é@rﬁ’&?ﬂf‘fh SENE ig‘i‘?ﬁ‘g;t B ?é%’pghgi?ﬁagrgﬁ%?&‘&%fare

disposed in thexspeimgd @ED kY sgattsoiting RGP yisigstrateannahivabEmiddxes in it edistral resource
block #0 for Napizéramdd:=2ifestifesence framible (o igdRithall gineeaio Reiskgfidedinithe second
OFDM symbol, mini-CCEs 501, 502 and 504 disposed in the second OFDM symbol are each
composed of L‘Eﬂ%s. The control resource block #0 210 includes a total of 5 mini-CCEs, and is
subjected to time-firstildeding 8RB S AR THERN Bl iFRRMOESSPIRS-PIe® 48 thPMini-cCE #4
are indexed inNhe-0rded &f-500ASNTBOR508matdG02.is thaFIEnd0rbuBifaie slefimedCi@Elindexes in a

_cogtrf(_)l rZSOL_‘rggcg@fibﬁ@f@rsiyﬁ{iéﬁ%hﬁm—b_@s-r@%% ’Hﬂﬁﬁ%i%\fﬂ?&fjﬁgz %ﬁEsi%BBét&)ri‘xF @@te_rlm tz)il p(f)rt
is defined, since | ctured, the positions of an of vali S actu vailable for
mini-CCE gen%?%?%%%ﬁggﬁgm the? ?ﬁB%F%WQﬁS%gg i%#‘?e S& WHER rt%S“éﬁ?gbri\é%?(ports are
defined. Therefor] Gieruieugtotat oflrbieridf GhRternd sorebisakticie infrofirthinferifeitof antenna
ports of FIG. Shtheaminigsadndaxerareeaial loUm BinntiErHexesohiiteCTH ke migi-CCEs of
mini-GCE #0 to mini-CCE #4 are i in the order 5 and 514. FIG. 11
illustrates a Cdﬁé’%)iel’%é%ﬁge(). %Sf:l? an aq%}h?@cgé%d%é%nléb n?é]%]r?gdgﬁdr jht=1 or 2 and L=2. The
mini-CCE indexing mESbPwilisirale spii-GiCEssileebistie rBebAsH RIBaE ach HIG8T 9 and 10,
and how miniQGEs aiedindeXethovgh thel e Rifie systededandndydese rapéthira BIGt GlddlimdCCE
indexes in the gontrRlyesoyce Rlock #9@%&@{&@%{%9 e BinhtE B indereR i FGsaiand 10, and

a control resource block #1 211 is also subjected to minjCCE, indexing in the mapner. In a
comaralros QARAERBeY L CE RS Ao BSE PR R AL i e It i C.CE
#(5K+4) are defivedtinra buntroteasapedssivciefieat I hetaoorderas Bgogb3hessmizzpaind 534.

Among them, the minihGEER 23Eanst TRMARAsRIsE LN Hhe finst Sro M 1mbal, taechilig-mini-CCEs
531, 532, 534 are disposed in the second OFDM



- 15 - symbol. It is possible to determine in which OFDM symbol a particular miniCCE is disposed, by
calculating the remainder obtained by dividing the corresponding mini-CCE index by 5. If the
remainder is 0 or 3, th responding mini-CCEs are disposed in the first OEDM symbol, If the
remainder is 1Wé)g‘rbfﬁ geg{‘:sorresponding mini-CCEs are disposed in the sgér?% 3] 5g‘;‘?mbol.

FIG. 12 illustrates mini-CCE indexes in a control resource block #0 for N2nt=2 and L=1. One control
resource block includes 2 mini-CCEs. Since only ong¥QFDM symbol is used for control channel
transmission, even though it undergoes time-first indexing, the result is not different from the result
obtained when it is simply subjected to indexing on the frequency domain. Mini-CCEs of mini-CCE #0

and mini-CCE #tBrndsoexatrirdial tndes Bra0oGhdmtsxes efag e BERES tHER ag'dfmini-CCEs
include RSs, nmiiiiia@CRdeard botheccomigosedil6f BIRES! 2, 31EIG14 3 llystiateshBWZCCE indexes in a
control resource blockg@;fog Rlanirkand lohudlthesai-enly FrCalringeded asceniyapgigntenna port
is defined, since RS1 i ctured, the positio and the ber of valid REs actyally available for
mini-CCE generrrlgiFﬁlqurjﬁj aﬁcé)yq“ﬂ‘alqté’ {h% %Iga?n?ﬁer%sf \C/%Fd 'RES gﬁ?&%‘%’sxén\i%hrgr% (ﬁo‘ghkt’e“ﬁnog ?oorts are

defined. TherefSfirAViSEWEEIIRE emfisen dntrtiinsd polkdGs offferdnt.fisrs the meHBRIBS antenna
ports of FIG. 1&hikcd miniCTEEnsexes exedosyual tiee thetird sy €k addxXesieddrikedlia. HlGe tnini-CCEs

of n:inil-CCE #%Hﬁégﬁi'gi@&éél_iﬁrg@_g%ﬁégli'ﬂéélﬁ;ﬁl!%@}{l&ﬁl@%@ 1@26 G equal 'fJ)G[hé_“rﬁlilHﬁt;ﬁte(f &
control resource hlock and a. mipj- indexing methad for L.=1. The mini- indexing method within
one control res((e) é%%’é??h’éls@e(g .i%tra&ﬁﬁgeg 'r:]&ﬁcfs‘?“ffé’tﬁ%s‘l‘é‘ﬁ%n%p?ﬁ t%gdggﬁvfﬁc _Sr%ini-CCEs
are indexed owvabiReiehtpanipste tbidgiengasciiisemerTannar. Wisi sSaEahearddsseripiéosontrol
resource blocko#Qgi-axere gudd:testhe oini-GICE intexes iy biIGaidi2rH #3Kane mizarbOEresource
block #1 211 i jec INICCE j Ing. 1 n e {zed description
of mini-CCE in%@ggjggt%tg?g# gdrﬁll'knléé%%s o) m(?ln%(%cgl}igﬁgK arili:i1 %%fglﬁ%cgéa# 23%(6%?!;?2 3 éfined in a
control resouréé%léél@#i%‘lzl%sﬁ] i GHRALP o7 630PARE BRMSiE -6 SED Ry BAITs used for
control channdlitzorenhissiahe efiest OGP thpntbieD Misy mibol-(des gbiels tiiaa-finsd iddéxiarg, the result
s not diferent oo ieshl SRaiREMISN 1% ATOM SYmbAHUTBY sublestlo ireyiag on the
requency domain. In this case, - are disposed,in the first OFDM symhol. - 16, -

Mini-CCE indeXiHg S %é%é%ﬁ)gﬁ %s(?fgl%hv%ss:yﬁsrbﬁ%i-%ep Eis Sr‘é’p%e%e%%teear%v?hlg _f‘l’?‘lgtl %né%’fg%s
constituting th&ymipRlearriieulaynaikGedicktdis Batrehrbie cHeeEs H hth el PERsdin and 1
indicates OFDby wmbﬁg nﬁemmspﬂieiﬂfgerd@m GneeRbyan lalexpeassedewith @odridex (k,1).
Further, a ”?”?'th%%ﬂx%f&ﬁﬂﬁ‘?é“ﬁﬁn‘?ﬁt@z@%% drd) dls irshR i lf a9 OLRRG0! eggurce block,
including mini-CCE, starts W||t$ RS atfgr%ndex of an RE re r.eél ative of the IEIDI- CE sho%Id be
changed to (kETHHFRS do o, 45 RRTRIRPAATE k= %,‘%[Sifrls IARTEE EENESEE Gre based
on time-first inG&g, symebtie hithe COEa i e Indesed bihe eonstoaridinl tnaniseidfiesthe above
condition. Thecﬂépggi&nifﬂﬂ;ﬂa,tﬁifﬁ@ﬁ@l\@@ﬁiﬁ%las its input, an RE (k,I) representative of the mini-CCE,
indexes the corresponding mipi-CCEs according to the values of the,correspanding mini-CCEs of
f(k,1). One examr%ﬂeaofmglff?ﬁ% fon 1 1I')els o éﬁﬁigsf(]lg,lf:cﬂﬁgils&ég%rl E:egllon tn;ééla ove example,
if a mini-CCE MetTdedR S, Rirensacetal iervEts Seckasindse iRt EE i J8eCABIRS, k
increases at ingoaisedfl ciBydhir istntippetéddexihiecfesses atingeaudl snddil.Cliies efbreinif- the time

index | increasesiby.One Aidnecame fRaURLYIIHet:o e YRlsoLNe lineiinsdeyd ialess than a

the e inde THATAASEa FRIEAE 1o b B E A LRaE S e FEELerey TR A ensed
mini-CCE, it isogdEsible to use the function f(k,l) = k+I for time-first indexing. It is possible to define

various other functionpritk.§ thaisiealizedimsdiest ledexing. AodrserptiomahalChe fiiekens will be

omitted hereinr'nethod for Nyp=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



For some mini-CCEs, even though the functions f(k,1)=k+1 of the mini CCEs use different k and 1, the
mini-CCEs may show the same outputs. In this case, it is possible to realize the above-described
time-first mdexwglr%)&éga}grg&g!ng them such that the mini-CCE with a lower frels(yeﬂzc% index k has an

earlier index. rle‘t In indexing a mini-CCE using an index (k,l) of an'l Ir<epre85/(é0ﬁ‘s |?13g 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.vpdue 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, SAEH GG fsBlBRigdSed O hoatistish 40MhBis ifthet ddlPoAmersifie ce
indexes that umdert&pEshéehinderingCEs1#00Redoti2eaM afipinsetbirPiigsioal Oddviesymbolhe
mh!ni-CC_E inde(ajsixragai@ tﬂxﬂﬁﬂ@_flﬁﬁ@@'&%ﬁﬁﬂﬁﬁa@@%éiﬁ%&@ﬁ@?hﬁ&vs&?%f@ﬁ?m@@%@.pﬁ@rmid- lrr]1
this section, a gdes tlon,wi e made t IGal channel IS ma to rgsources atter the
rosources aro RIS A HE e T G AR T e o S CE B e that

) g Jor Cal ) !
modulation syRhERIGHS I BE dsaiRdeihatiried K dividngdthe satssrRudngIpBitaitrequency
diversity gain. iildexpbgsénifitherdnmnpiaposeerds theesaucspomippingmir€iifid foe dadpiesadg this goal,

a regular-gap igsQureg iRt Mahed Antha AensiRased reRulcenselectan Methodnini- FIG. 15
illustrates an e diment of regula -gaé) re og eIecL%on. Reference numerals 700-710 represent
o iees i SELT

individual physi ?&8&?&8@? Pl . &4 %ls can be either an RE or a set of a plurality
of adjacent REs. HerdlGih® dhistigsriminECEEsindexere innitsarerphyaienreeddaeketliderd for control

channel transmigsiorardefined Ayitherbdde sisteFId10we vethiithimce SRURS 11apird fartegphysical
channel is appl ofher: 1 t ni Sigal r S.ca ined
differently. In t#gge%gb%) imen%@&?g. }ﬁé% la%%f 25;?) 1Pi r%%i-%%é@éreg gs lggér?eéﬁ toﬂ%’:s ;\/!C%flli%eble. In the

embodiment oPHRNréxabonsnERsR £0CRARTG & 1B EL s TEHARNER ESQPEcseets d ot the 11
mini-CCEs ancharedased tfonltrahSmigsiet OF snenghissicdlj ettad niel. thiE- fii5til ndtrates sntbmbodiment

of selecting 3 RiNkGlaESF0% P And-(Q8: apd ganardingens phvsicarchanpelydthdhesselected

mini-CCEs. Thg selecte éi t mini-CCEZ02 i ced from a mini-CCE #0 by an offset 711, and the
selected rem<'ar1}|§?n(g);r§rﬁ|rncl)ffi é@s@g‘:}%%dségf g?ie%@%aced by a regular Eap (interval) 713. This

regular-gap resource E&fectballdsHaies mitHenteidatpesiore sseamioErrsasse (RIogk #0 f¥d(offset + ix
gap, N,")".) (N..=1 imEQuatidnghyh delyoRS)dn msdésdiaadieotadamienGQhloraindidford, physical

channel is COfEiB%ée}Qsoif N%‘ﬁl&ﬂh@cﬁ '%ﬁe %&MQMQ-&%HF%Q’number of valid REs actually
available for mini-CCE generation are equal to the number of valid REs in 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. 9, the mini-
CCE indexes are equal to the mini-CCE indexes of FIG. 9. The mini-CCEs of
mini-CCE #0 to mini-CCE #4 are indexed in the order of 510, 511, 512, 513 and
514.

FIG. 11 illustrates a control resource block and a mini-CCE indexing
method for N,,=1 or 2 and L=2. The mini-CCE indexing method within one
contro!l resource block has been introduced in FIGs. 9 and 10, and how mini-
CCEs 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



denotes an index of an ith-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,
NIOLal denotes the number of available mini-CCEs, and if the mini-CCE index is greater than or equal
to a modulo op&Y2ti8H ¥ ¥eétformed so that the mini-CCE may undergo a cyR§i&/ERAP0S045833 Herein,
mod(x,y) refers to the remainder obtained by dividing x by y. In order to maximally increase the
frequency interval, gap can be determined such that gap=floor(Ntoiai/Nphy) or gap=ceil(N

- total/Nphy), Herein, floor(x) is a floor function used for calculating the maximum integer less than or
equal to x, and ccil(x) is a ceiling function used for calculating the minimum integer greater than or
equal to x. If théﬁéﬁ%’@édlin’énﬁ"éﬂ“sﬁ?@. tps staeBHfoEY Wiis EQUEabh 1 bed = partieplyyragnbffset=2,
and gap=floor(1VCH.i/NpHigmBed, BYG cicilllashigtehanremtindinesttafzonehasiedagouiee

s 700 R e S B b o 2
mini-CCEs 700, 7 , A Zone # c ed o -CCEs 703, ,and a
Zone #2 722 is CAMPO %j%fé‘a‘r?ﬁﬁﬁf&‘ﬁsfhfoé?ﬁgﬁ;i By S is e i el 960; 703 and
706 are leadingthgiptoeRsnstingarioné 4y 20 diwwosendnthe secand PRIy di22, respectively.
One physical channel iBIgeneriiedtytselating @R &6 nwhighifospasest §oB1dhie deading

mini-CCE of eagh,zong, 2 parsiar Alfset LG 16 IlugUatss Adreiaiot apneiiog s physical

channel by selecting_a rnini-CCE 702 spaced from the leading min /00 byano ) in the

Zone #0 720, s8ISCcHMPAMNMEEE HoBSEHat¥a aHPihehdRfih JraRsee ey 3/ 8y ArPBERel 1 in the
Zone 01 721, anudsedeetitigng-finsi- 00 1@ dpareul fronmaehdilffading fnoimi-OE Ee7@6 dytainedffset 2 in
Egc)e Z(%gle #2 rz&hzlhg Z08ENPASEHHRTH G wgﬁt@cﬁam@%aﬁ&gg%i&a%y@?mrﬁﬁwﬁﬁﬁuatioln_

: n . den ofder of a selected mini: | physical channel is
composed of N%@Iﬁ1 %@%@%&i%‘? ﬁ?i%}}/i Ig?s?ﬁ%én?)lﬁ)éer%fﬁi &‘:).ri%eééiggtae%%?g?ng@a& %86%5, the
number of Zonégpéﬁﬁ)‘&?ﬁdo@fﬂl@ﬁ&ﬂﬂﬁb@gﬁdé%'ﬂé?é{l%d}?@‘n@ﬁﬁ?@@ iRAdxOMEP2ETksi. If a Zone
#i is defined withRkEmini-CCEs, so = 0, and si = s,.,-tzi.1 for ir-1, -,Nphy.l. Additionally, a is a value

FIG. 13 illustrates mini-CCE indexes in a control resource block #0 for
Na=1 and L=1. Although only RS0 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. 12, the mini-
CCE indexes are equal to the mini-CCE indexes of FIG. 12. The mini-CCEs of
mini-CCE #0 and mini-CCE #1 are indexed in the order of 600 and 601.

- FIG. 14 illustrates a control resource block and a mini-CCE indexing
method for L=1. The mini-CCE indexing method within one control resource
block has been introduced in FIGs. 12 and 13, and method in which mini-CCEs
are indexed over the entire system band is described in FIG. 14. Mini-CCE
indexes in the control resource block #0 210 are equal to the mini-CCE indexes in
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.



that indicates which mini-CCE is selected from a Zone #1, and A,- rnod(offseti, zi). Meanwhile, offset;
is subject to change according to a cell and a subframe by a predetermined rule. If the offset; is
subject to chan ‘ge according to a cell, the resource-mapping is cell- speC|f|c ma g, a and if the offset;
is subject to ch ﬂﬁg gﬁ%&?ﬁgng to a subframe, the resource-mapping is zo He-B g@@& %opplng -19-
The embodiment of FIG. 16 corresponds to the case of applying zi - floor(1\liawaiNphy)=3 to the Zone
#0 720 and the Zone #1 721, and setting the remainjgg mini-CCE as the Zone #2 722, and this
embodiment selects mini-CCEs 702, 705 and 708 by applying ofTset1=2 for all i. In generating
one physical channel, the zone-based resource selection is characterized by dividing the entire system

band into zones with M%&%@IE@%&]WW&%W#@@WNW & BPr&seRins required
for generating the pieydicstl chanodl, Rifsl byrsélkatting tre piysiCalEedaurcelicmmkeastiicdne, thereby

guaranteeing fig@uancy diRiRdy 9anRNdBRkNG Itdwﬁﬁﬁleaﬁotatmaat@gfmmdw%@y gain by
changing a rescgg&rce sele%tlon me&hod accor to (?Dcell and as ub ame. hﬁzergﬁed resource

can €SS€ an 1
selection metho can 89f|ne various meﬁhoc?s accor E%) ow a SIZ€ ZI 0 eac neis se’t and

according to hdwnani§HsBtisgeptepsrigdrbyoppindex (d) of ik isitBLahbareRBnpoamNERt of
zone-based reseuigeseiaaiign it iilingmbadiOCHE!, ataize okAcCRZona iséiermined aReording to

the rule of EauAlRR.tHlatloPhe Shilil1er8: i A0S c M g@l\ﬂm)ﬁ@r izDeriNRraRRsh Sepily=- That
'S, 21 = floor((i- )wl}lt tgl’? Vlj}Ix %)Q]?f) r,(b %%all\ﬂ/?1n1-8c53 are gsvgd fI(%or%l}llg ]F}/st
indexing, and the mini-CCEs can be indexed by a function f(k,l) that satisfies the
above condition. The function f{k,I), a function having, as its input, an RE (k,I)
representative of the mini-CCE, indexes the corresponding mini-CCEs according
to the values of the corresponding mini-CCEs of f(k,I).
One example of the function f(k,1) is to define f(k,I) = k+1. As described
in the above example, if a mini-CCE includes RS, k increases at intervals of 6,
and if the mini-CCE includes no RS, k increases at intervals of 4. By contrast,
time index | increases at intervals of 1. Therefore, if the time index | increases by
one at the same frequency index k, the value of the time index 1 is less than a
value obtained by increasing the frequency index k by one at the same time index
l. Therefore, since the time index-increased mini-CCE is first indexed compared
with the frequency index-increased mini-CCE, it is possible to use the function
- fik,) = k+1 for time-first indexing. It is possible to define various other functions
f(k,I) that realize time-first indexing. A description of all the functions will be
omitted herein.
For some mini-CCEs, even though the functions fk,l)=k+| of the mini
CCEs use different k and I, the mini-CCEs may show the same outputs. In this
case, it is possible to realize the above-described time-first indexing by arranging
them such that the mini-CCE with a lower frequency index k has an earlier index.
In brief, in indexing ‘a mini-CCE using an index (k) of an RE
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,]) has an earlier index, and if the value of f(k,!) 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.



3) According to the above rule, a Zone #0 730 is composed 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 selectin m|n| -CCEs 702,
705 and 709 b)‘?’gﬁﬁ?y P@ ‘Bhset1=2 for all i. Resource Mapping for Control HRREP /00558 this section,
a resource-mapping method for PCFICH, PHICH and PDCCH, which are downlink control channels
defined by the LIE system, based on the mini-CCE. inglexing and the resource-mapping rule for a
physical channel, is described as follows: - 20 - FIG. 18 illustrates an embodiment of
resource-mapping for g control channel f?r Nam=4, L =3, and LPHICH:=1. For Nant=4 and L=3,
mini-CCEs are indexet$30URSAH RS for Fhysical Channel in the embodiment of FIG. 18, the
number of control resdlircerbinekdiE asécpm@l it toeigden mm!a¢©$abmmémnm©ﬁ9ﬁr®aeflned If

the 42 mini-CGesareesuhajssias lt@paaﬁyﬁaieaeuﬁlmals(é@t)@ﬁaﬁr@amﬁ%mmeb@rﬁﬁrd@féb@dndexes of

the mini-CCEs eq ren 2 Slnc the PCFICH should he
arranged on m?Bbgéé%g% cf%ﬁ irst %ﬁﬁﬂ&%{ﬁﬁe %I%alﬁ% thgp I?%%?épﬁ Jtpl rcegea %?rrlgﬁig%%g
mini-CCEs of tﬁB%@F?ﬂfm%I F 1P PiTSige 1“%!?@%%%‘8%&%@86‘7@5}&1 éHF]&rF@afhe
mini-CCEs of tmedirkitOR Ddvirspoibobin ahdartioted|ecteminié CRisréorsiecRCEHGH andanine-CCEs for

the PHICH. Refgpacaiguneral §20shoysioalitha i CERigkar o 8 st ORDM symbol

Of the 42 mini-CCEs, 12 mini-CC %;é%’g’ bfx‘ Vlg ‘thxs gl #11 8 %_414%04 Ce fl)’ec%f #21 806, #25
807, 428 808, #3280y ST HE Femaif el’s alnegalgydS She mini-CCE
index by 7, Of @ﬁ%ﬂ@ﬁ%%@@&@%@%%ﬁé@%%ﬁ% OFDM symbol. In the state where only

the mini-CCEs of the B OFDMisyrahs| are eeleeiad andd rapgdd-gashessulne reédsemnae numeral
823, the m'”'Cl%éré%E G amR diLsth §‘%Jé‘£%”s nRRIGLG06S ML Beosiawsrine mins CE #7

802, the mini-CCE 418 805, the mini-CC and the minj-CCE #39 811, which are selected as
4 mini-CCEs (& -r&fchF‘if“bﬁqﬂléﬁ C*I“Pfér SO LEA RN G RHREE s aseERI RS performed
according to retrrkingths resuice seleietiéitosinondlizasadyesourbesselbctionmdsiakséd the

resource-mappigriile fah addhysicah GIRMNelekinender tqg@ngmes@s?éﬂicwidwév@eceﬁ&w to select

miniCCEs, which are maxima ac art from each other,on the frequ n,.among the
mini-CCEs unuse(lzllf%r fﬁepBE‘gg)I% a r%gt&g%r%?ﬁlf lélfgpl tﬂetq‘lrs %ﬁi\f/l3 é%lip erence

numeral 827 sHEWEThM-PRYESFsaU£6? (g Fbelﬂﬁfmewmcflﬁcﬁéﬂrbéa“?a%eﬁimm% % the order
of the indexesKifiheS miniftQ lo$, ldnnong tHeEmme GShnad thebfirst Olebib by thisatmblvdiprecess of

selecting mini(¢Glsfasihe 18%&%&9@&%‘@;% F9EOring Eﬂxfrﬁ%@ﬁ“&@ﬂ% r@é&é%?&l@%@“ or
zone-based re ource &%ctlon which is t&e esource-map for.a Ph sical.c Reference
e o e e I R PRI DL 8 PRI hap s B
generated by s&letairg ImisrtorstsHtheihfiplectoE 40 BOU: EHeERITOR.CEA 18804 WacRae mini-CCE
432 809 (Npmairghataid ikl iphysidalScHaand wiiB4h): akd generaiat OF BelatingekoediGeES of the
mini-CCE 44 801, themini %p%%é‘d%?grﬁr&drﬁ%-@@ﬁ%%f IR e [, and the selected

remaining mini-CCEs 705 and 708 are spaced by a regular gap (interval) 713.

This regular-gap resource selection can be mathematically expressed as Equation

(1.

n, =mod(offset +ix gap, N,.)  ......... (1)

In Equation (1), i denotes an order of a selected mini-CCE, and if one
physical channel is composed of Ny mini-CCEs, =0, -, Np,.;. 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.



(NpHicH=3). Reference numeral 831 shows 32 mini-CCEs, which are rearranged according to the
order of the indexes of the mini-CCEs, except for the mini-CCEs used for PCFICH and PHICH. The
embodiment generates CCEs from the remaining mini-CCEs 847, and maps, the PDCCH thereto.

FIG. 19 illustrate8 AR eifibodiment of mapping the PCFICH and the PH1CIIP genera?sn EEES from the
remaining mini-CCEs, and mapping the PDCCH resources. Reference numerals 1001-1015 show the
remaining miniCCEs 847, which arc rearranged acedi®ling to the order of the indexes of the miniCCEs,
except for the mini-CCEs, which are selected for the PCFICH and the PHICH in FIG. 18. One CCE is

generated by s ectmg 9 s (Necs=9 acc rd|n lar- reso election or
zone-based re<otice’ srélf)ec(ltxd'f W%‘Esnt?st fe’ &%}B A%Bﬁﬁg{’:%@%b‘fﬁ%ﬁ ifhg 8110 CCE #0
1030, a CCE 4nanmaldiacces #QqMWyumw@etmnd@E@etmm@nmmm of FIG.

19, a PDCCH 4Q7:6560isMaphed toihes>CE N, 1030, andHbe e CRo84 103 1a ansbi @nsenisted using
2 e s B i hg G in IRRREGHBINP I g el 0 Koneiinyelng 1 CCE.

Meanwhile, S|nce3CéCi)lS are ene ated from the rémaining 32 mini-CCEs '8 er of

miniCCEs used P 5&9& ?r SAE AR E‘B&EB%P&%P&E@G%W&W AT ERYFIEL The
mini-CCE #51004 the embiodarEn of §6@91and descmbidoGth £28at012(lphbsart subhnmhi-CCEs,
which are not sgigeted fﬂfcffg@géﬂoormtmgm the PCFICH and the PHICH, and generating CCEs

from the remaining ml@lgq%s,llr‘ug &%C;EI Eggggﬁ%@]q %}f §8Lec%51\%§1%g§§§3 W.TFEP% a great index

gap, there is a very high pOSSIbI ity that mini- S constituting in naced apart
from each othépﬁrﬁg HegvtaRla drnint iskatg it padethint® duraneireQuénes dilerddy sain.

FIG. 20 illustratesmadtodcHalt mlustaihg o ii¢e-mdppildyg adeueihaiBihgsfeompostdobtRannel,
proposed by thg;prasenkinggntion. and ﬁ@SSt%E’d%JZdHH“#@@ﬁS@@o&ﬁB@%‘@@ &@rsnmﬂ@ﬁf@@)s The

mini-CCE inde erf nu Nan of antenna
ports and the n)ijgﬁk?bgar L o?g@%ﬂ ymb Is use l1Lr(l)r g@%t@ﬁcﬁ%éﬁo Jg; ﬁgaliﬁrl] ﬂf{g)sgsrﬂgwn in FIGs.
3,6, 8, II, and £4Es OfN'é&thl%t@% 32, dip rﬁ@ﬁ@@EgzdréﬂEbiﬁéhﬁéh@;é@ in2Perestestalie indexes of
the mini-CCEs@iaigipiied thstapl 99 generatbal $teRedOGinpinnGGECHspased ip dpeclisst:eiiDM symbol

are selected andRAITAAOINRS-OISG0h BDAS 65 ALNRIIINEL B 38 iyl 00T, the

embodiment selects NPCFICH mini-CCEs from the'miniCCEs rearranged.in ste In this process,
regular-gap reS5URAE SLISEREHH NS SRE BRLHER e leéﬁ{ﬁﬁ%ﬁ Bé”ﬂs@&:%vﬁ@@nﬁ%aﬂ?g
resource-mappingirthe fordinshysicaCsHan®él.by an offset 0 in the Zone #0 720, selecting a

mini-CCE 705 spaced from the leading mini-CCE 703 by an offset 1 in the Zone
#1 721, and selecting a mini-CCE 708 spaced from the leading mini-CCE 706 by
an offset 2 in the Zone #2 722. The zone-based resource selection can be
mathematically expressed as Equation (2).

m=Ss+A (2)

In Equation (2), i denotes an order of a selected mini-CCE, and if one
physical channel is composed of Npy, mini-CCEs, i=0, -+, Np,.;. Since one mini-
CCE is selected from each Zone, the number of Zones should be Ny,,. Further, s;
denotes a leading mini-CCE index of a Zone #i. If a Zone #i is defined with z;
mini-CCEs, so = 0, and s; = si.;+z;.; for i=1, - Ny, Additionally, A, is a value

i

that indicates which mini-CCE is selected from a Zone #i, and A, = mod(offset;,

7). 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.



In step 909, a process of a transmission apparatus maps a PCFICH modulation symbol to the
mini-CCEs for a PCF1CT], selected in step 907, or a process of a reception apparatus demaps the
PCFICH modulation s ol from the mini-CCEs for the PCF1CH. Ins (F ggr%bodiment
rearranges the%%ﬂ%%%%n the first OFDM symbol, except for the mini-C%%é?%%g& /?g“rt e PCFICH,
in the order of the indexes of the mini-CCEs. In step 913, the embodiment selects NPHICH
mini-CCEs from the remaining mini-CCEs on the frd9GFDM symbol. In this process, regular-gap
resource selection or zone-based resource selection can be used, which is the resource-mapping rule
for a physical channel, The selected in'-%g s,can be directly used as mini-CCEs for the PHICH, or
can be used for deterrﬁr}éﬁn%mre%f)nglwﬁs ?clghr §P‘I§?§Wﬁs %Orm}c%t-(i,ahee Hini-CcEs @é?éc%éd in step 913
are directly mappedNotheNRHATSHIOHER ek iffLpltlirand e £0e dHor/the PRACEIES HiRt selected
only from the firghairinynsyinOaIE asatder da Qi@ teantiehiyenapaiiraesity gamns thmpGBBsiment first

selects NPHI%@%%ES,@@%@Q% f&%ﬁ%%‘?"@ﬁﬁ.on the frequency domain in the first OFDM
symbol, uses some of the selected mini-CCEs fo%}?ctl@?e PHICH aé1d uses the [e aining

mini-CCEs as a criterighgg?éag&%%%é) ﬁh”:‘ﬁlrﬁ e WiPBE %i‘fg tEF PO ancther"dFpm symbol
and use them fharaetiaed iy Abieshaiagho thErmSCOEDRRINY ZoReH BB aPsyiffesiidsent
invention, if angiedexn@e oriviHihEsdispases! inetherfiter GF Rivbayrebebininat fasedieydng, a
mini-CCE dlsp&%zg %osm 355000 OKRAM Y BRALMNIG USER 08 SRRGIEMERCERAN, fan be

i
indicated. If an index of a mini-CCE_disposed jn the first OFDM symbpol is mcregjed b%btwo, a

mini-CCE dispB&&thih SHATARIF OEBvALGANSOI YR (28 e B M JuBARI DS AR, 4 De indicated.

For example, riaferfargnice Hi@crgithgamibyCtagm 265 alvtatice debychivneasthghackddingfiche
mini-CCE 44 204 disppsed abthedi stOERbhsynkal Rsonecisdisnasedimbe sacarg2FDM
symbol, the mini-CCE 46,206 obtained he index by two is disposed on the third QF symbol, and
the mini-CCE %ﬂr%ﬁ, étﬁfg grc]%o&%l%%xagﬁo&gu%ﬁ%éo u‘afcﬁla egél1 ?résqlsjeethgg%g%%).%%% In step
914, the emboReiit G616kt FStCERsZRthe PHICH. In selecting mini-CCEs for the PHICH from
the remaining mini-CQHES. excépisioattzeamitiieC €lbdointbet BEEOGH b sepmefdate theetimmtact

mini-CCEs selgcted ip, siepi913 are Ysed, AS BNy GEES (R BETIEH 05 Hma! diL iinsC CES for the
PHICH based on the minj-CCEs selected in step 913. A detailed description of step 914 will be given

with reference84H88. 33 and 24. In step 915, a process within the transmission apparatus maps
a PHICH modulation symbol to mini-CCEs for the PHICH, selected in step 914, or a process of the

reception apparatus dgmaps the, Riikedsmodaladionsympsl frpmmanCCRS,for tid BEICH. In
step 917, the gmbodiment 1D-rearranges the remaining mini-CCEs except for the mini-CCEs for

PCFICH and t é"‘i‘hini-CCEs for PHICH, in the order of the indexes of the mini-CCEs. In step 919,

the embodiment genetdfés EEES HPGERE!hg Neet Mhnc AR thboprddess, gtidr-gap resource

selection or zdWgsbased resource selection can be used, which is the resource-mapping rule for a

physical channel.  finalle. i stemSstod RIPeess Witiin she transmission apparatus maps a
PDCCH modulation symbol to the CCEs, or a process of the reception apparatus dema@)the PDCCH
modulation symbol from the CCEBS. o

According to the above rule, a Zone #0 730 is cbmposed 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,

1s described as follows:



FIG. 21 illustrates a transmitter structure of a Node B, to which the resource-mapping proposed by the
present invention is applied. A controller 953 determines a mapping rule for individual control channels
based on cell information and the number of PHICHSs, and resource-mappincq for control channel and
RS according twgr%ﬂt(g/f?sr?gz?formed by means of a mapper 955. To the mapPpeTr/&g"grﬂéO%Sr%vided RS
from an RS generator 931, a PCFICH modulation signal from a PCFICH signal generator 933, a
PHICH modulation signal from a PHICH signal genezgtor 935, and a PDCCH modulation signal from a
PDCCH signal generator 947. In the PHICH signal generator 935, 4 PHICHSs are gathered from

individual PHICH signal enera,tc{rs 939 to 941 ana subjectgd to CDM 943. Reference numerals 937

and 945 represent sighargerteratBiE 5 g SRRRG R BH EHSRIERE SPAIRIBHL -2 SR BUICHS 4-7,
respectively. ThhbaRDCEM Mgnatgdreratarddpinetibies amdVidad! PBICCH sigral-§éierators 949 to
351 for ger&r:alim{’da@%@maiﬁq)@@I@ﬁﬁﬂgﬁ%@@&feﬁeﬂif L&E;ﬁemémmlb@;‘ng Q%Efezccgpied
y one PDCCH_js determin \ cont .Jhe signal to.whi antr els and RS are
mrpped s TONLI G ts) e R Al e e L At

, by a -1 Iplex %
PDSCHs and @E?@Mﬁ&%&i&%ﬂ@ tﬁ%m%ﬁgﬁﬁfeﬁf?h%%&ﬁté%%%s@@heﬁﬁéﬁ?ésﬁﬁghevice 961.
FIG. 22 illustratesrmtffetsmatc aivéres rubture tthevindhxire o€ sberpemmaifiing thropsséd byethe present

invention is apEH@an"b?z i&?&%ﬁ@ﬁﬂ?ﬂ&% graonrtrllenYicdgtermingsia Q@B?ﬁﬂ{gé@ (mlglfgir.inol_ividual
control channe{z se é%@ Cf?rlétm(fﬁ |onrggg tréf%(iw%bgﬁ%ﬁl-gh%l@% allgg resource d mapping for

control channe _a.nsd according eréto 18 performed by means of a demapper 8% e.:A. received
signal is first cométEcEmes Shsdisb AN smbphieakerofrie dBptrsnberBratisbostdvislo 71, and
TDM-demuItiplenxednw}azm—ﬂim@honﬂ\ﬂwtfmﬂ)@FDM_,siymabBDiSG?Irlseﬁm d_%&staniaiFﬂIE@H region,
Feception procis i 87 R B ths Sl aL O o o
region by meaﬁg&ﬁ%ﬁ%‘g‘a‘éﬁéﬁ,ﬁ&%@ﬁ“ﬁﬁ I ‘ﬁé@"g’ﬁé\iéﬁg}sg?idﬁ?ﬁ%az %ﬂit?@?: annels and
RS signals on tRewiomesieh &R GegibR By meklss 61 theldetidhped o7 (883,) #Th8®sE%4re provided
toa iihacljnnel egIMatoRIBEIVRSE 1)y uideo chanmgbestimatien repaie:eashel retitate is
provided to a PRSCH receiver. | receiver PHIGH receive .PDCCH
receiver 989, a#&lgcﬁ% t?}(ée 1%3r%sg:%?ivﬁd%gt%}gs%ﬁgi8&?&%&%@&%? e 5@%8(& %?lr?al and a

hal, a
PDCCH signaltheSps QRN mmd olehraibs sty o/heiseatedhe ﬁé@r@ﬁgﬁé}ﬁ}%ig%% stream and
provides the resutisoicathes R &FC Hreé cemer@Bas the RCBIGlifrecnteen9B&raeSttetha sira-L of the

gggtfolghan3@&&%9@&?@%@@%@@9@9@9&%{&@%@&@%9 &ﬁl%qié}fﬁf@%“&l%t@ﬂmiﬁﬁﬁl-@dbe con/t;o"er
ana use mappe modadulation Slreams.
PDSCH demagﬁégggﬁ%ﬂﬁééé%m%ﬁﬂlg‘ﬁ%%%@?ogeg%’% %‘ﬂ‘%ﬁ’?ﬁ%&ﬁeggosw
receiver 995, aidchearDsieHad @sivengos eiteMhercattd| f6f tad’ Ednkrbliel bo Prassssres data
channels usingadagatianinfoTmatity PUPE ERia shdowmnedd, destadockiy means-ghthe ECEH receiver

089 o oovelal oA EaRIKnCaIS PR deREHBRAA IR iR delBiInIBG S, ManaR which the

resource-mapping rule for control channel, proposed b ériﬁg%resent invention, will be applied under
another condittoRDXsHE Beniet 28 SO {REFRSTRISRS THHICH: rEsSUMESHUBping PRI is
performed, forC@gmi #hich aflGnadilakdyrapseh epabiodinmentaficathal ohatirelfregetee-mapping
forb?lant=1_ or %olgr‘a?n,%ﬁokgmf#rtﬁ%ﬁéd\@ktiFag&&rwdm@gmﬁl%tirrﬁaagmﬁg '\J}{ﬁ{w«gd@g\/@l ; _SFI\(I))FDM
subframe is a subfra peratin ingle Freque - 25 - Networ an eading
symbols of theaé‘ﬁérﬁs Iﬁ%ﬁ ?B’(‘ﬁg?g g %%eﬁ?r‘l&ec%%%ﬁreﬁq;é/% é’é’ \Fvesrﬁ%ﬁrﬁ%hé b %%/gmggg!tg%re used for
SEN transmisdi6H1E0s pibisibrpea reasrraged rssarippiitythsr wAecH ter sediied if the Bibodiment of
FIG. 18, can be@pgigdomotipHianiC Bitoo ughfienorRIIN kphftet- Tisinesck 2o spaidty in the

N paname: CREICHF 2T BHIEEE & biaRseasandpifine 2 kddpldpiaduuiig how 3

mini-CCEs will be selected for LpHicH=2. In order to keep the balance of resource co}ﬂg mption and

power consuniStsH BeRRERRCREENG SHABGRSLBHHET IWEIER L5r g St ByPoMRE mini-CCE
from the first QFpiVsByinbiodraved. 2Refai<@ GEsuimmmat 2 SedondsORD MGy Hsoet Igvtedidarftéc 1 +2

Selgcltior_")g gf&@ﬁ?@%@. @H}&Fﬁﬁ@}%e@?rﬁt%d%%? Sﬁ@@@%@%&%&l g@O@El@LQiHQSBQEiQi\é Eyrrf]botlh
an mini- om Ine seco Ol (ner r Se on.).. Y S 10r tne
PHICH are selgg‘l%%Qﬁ&}‘ﬁ%Rﬁ(é% é&%@%%ﬁ@g%&%ﬁéiﬁé@iﬁgre& ef%&imé?g&%ibed
regarding the éMhedirdsranst PIECISs dhoulbl beddefiRéd) sucacastatditiohasientngad BEsh described
in steps 913 apgPd 4hEEn2@ CE #4 801, the mini-CCE #21 806 and the mini-CCE #35 810



For Nant--1 or 2, and L=2, the mini-CCEs are indexed as shown in FIG. 11. For convenience, it is
assumed in the embodiment of FIG. 23 that the number of control resource blocks is 6, so a total of 30
mini-CCEs are defined. The 30 miniCCEs are 1D-rearranged in the order of indexes of the mini-CCEs
as shown by refréitetifieral 821. Since the PCFICH should be arrangeﬁcgmﬂ?%gég of the first
OFDM symbol and a reference mini-CCE for selecting mini-CCEs for PHICH should also be selected
from the mini-CCEs of the first OFDM symbol, only-the mini-CCEs of the first OFDM symbol should be
picked out in order to select mini-CCEs for the PCF1CH 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 minfXree#d)sts g numeabiab siosve iy dBipixGlissvhieh gesroaimngefl 4o0 gog,
#23 859, #25 86 emding28 B&lonter rdriteimidrseobfdinethni-gitilngthephfimi-BCRimde<By 5, of all of
Vﬁhi?'h arce) FODOI\; ?tsét‘fﬁf@lif' qﬂ@mfﬂi ?&@M@F%ﬂ/& samb@&imemefgéaé%wbemllygggﬁm@% ng
the first symbol are.se arranged as reference numera , the mini- s
for the PCFlCﬁea}:?‘é”ﬁ%gﬁs“é1’é€t8e§.ﬁﬁ2§[feﬂeaﬁ’£r?\% r%é%l%@?ﬁ?% mini-CCE 852, the mini-CCE #13
855, the mini-CCE #20'888 KhdiHelisiks- et Embaddnenivint Haepidte fie disAhinpedtc e
(Npericii=4) forrH&RC Heidraihg ptiicessfafisetéetingminis@Casier Gles P @kd Ghagspperfahmed
according to reEB@CEIaPeE%ﬁ%%?l?&i&‘él hH@Q ﬁiﬁéﬁ@ﬁ'&f’qm ~1 3_‘135“ 5%9“;1_%% %?Jﬁgﬂﬁﬂ%%?\iﬂﬁé]s'é I:Ihe
resource-mapping rule for a physical channel. For reference, since L.is fixed to 2 in the

subframe, the Igégépc%%;m\g Cgtarg% rﬁgreraré%e.%cgg r??%%g %lr? 8)12%% Ll%ﬁefﬁﬁ]s Ro Sy%?%’gemnl%fined in the
LTE system, if HeERCmeHt idaiothe anémnitEEoniyfshrmsavmsBrRds tertie d GhdHE rrdHhainicCE
selection, step BAECHNE il @sdeciaies SEPsiOQérmnat QDD piskl€ating Camipg-ODittedN =9 order to

generate the PRUIGH, s necessans 18 selestainisbhsmihat aramaximali shacedarar from each
other on the frequency domain, among the mini-CCEs unused for the PC,FICH agog&t e mini-CCEs

of the first OFDXHIEYrih AR TS WERSCTRPRING-BeELRR RBYRHFRLAYARIEY for bt are used
as a criterion f@Gelettintdmina@CEs rEhéd PHIGA. Assumehthei sticth miimniCICEs afa dineimy

m;:?ifc Es for P&HM%B@E}@Q@L@@%@@M&J@;U@%@ QM PANItS RETARISE01630 tmil_;’i FI?_IH,
which are rearran n er of the indexes of the minj- S,.amo ini- .of the first
OFDM symbol.tEf"‘}%egx'rio%t%es%%?j ’s%’ilec{mns L}gnergl)}l %rllﬁi%/&[:}sgor H?&ﬁarrrg%&p%\%i%kpigorrﬁed

according to refaPRegap feedelrée hlHttbrabf ZEHsIpiteh veissutde SEIBR M IHRS1BhE
resource-map@ak suiecfgese phiysicalrehhaneh dihi gndd-GiGE @8BS £4 thehmimkCleE #5856 and the

g’;’}i'ggf 4%%@%%@{%&?&%?@% AR w&n%@%slmﬁft@al ﬁ@ﬂ@émemggggf éBﬁtFGi”_i'C_:g(E:Sé

: an are dispose ir sym r numera ini- S
selected for thé Pﬂél—c& e%‘?ﬁmgoﬁ(%’é 4 @y@%¢§§ geﬁ@ﬁgtga(ggg%éﬁlé%ﬁﬁ? § %éECCES of
the mini-CCE 48185tpiiseeniinpbBE16GI53 whirtherermot-stretadd@é A iNrincm=3), and PHICHSs 4, 5,
6 %ndh7 (875) are 9enﬁﬁmpmgei@c%wﬁsmiah@ﬁéf’mmﬁ,wm-g&ér#ﬁng@cm@ﬁrajﬂi-lﬁﬁ@E 415 856
and the mini-CCE #25 860 (Npjagn= detailed ¢ ript Norf ting
mini-CCEs forrﬁﬂm%hr{amr{ﬁTr@-@%ﬁ%#%n&%@d%go%%? %ﬁ%&?%%%%}: Q%R}n%?ﬁagrﬁéﬁgl %dummy
mini-CCEs for PEACHdf4aiRg etsdd ﬁ)r"r?fé’pgi‘ﬁa pRseRidiey It,hﬁtaﬂ’dr%'é%%i fORIBLEHS 0, 1, 2
and 3 (873) armgsnénatetiiR awilt dsefectdrdpmarinen thelresttaining thedregue @ ERstould be

selected from the Sg, QM sy pba! ERgERISr Qi BR MIaiCE #15 856, which is the remaining
dummy miniCCE for ICH%@aE@lifr%% the min'gCC % and the mini-CCE #26 864 \ghich are
inde

, 416
obtained by increasiné: ﬁe infcLE 42886 %ﬁt%g{g&ré@lﬁ%‘éﬁ%@%%bn ngdPhe PHICHs
0, 1, 2 and 3(8¥3hapsiveseribedmir\vbanaebpiopPss dHey Hia rCEeinaBsatigtule proposed by the
present invention, if amingley @, - @Aini-OUBsCLE indesenged by obersyniThe GiirdisnoBed on the

same frequenc é]band n be indisated | t ' 3]% ini-GCEs for the
PHICH, selectclaX fon fﬁ’é H%é%%ﬁ%@ﬁ%&ﬁﬁ@%@%%%@&% asq%%{?%@é"é év%hich are
spaced as far ARPHESPAS DA HeBUERE) HPHANTN s¥tebabnusad fasacomiat 1iBamsi:CCEs of
the second ORRMesyimbdksssteote dnafi€rsintréasing jmddxes of the mini-CCEs, are also spaced apart
from each other on theraeneydameala maKinadtRoasble ieaahiaipdi e Sape fiRauangic diversity
gain. Meanwhile, the mini-CCE _#ES 856 and the mini-CCE_#25 860 disposed on the first OFDM
symbol amondﬁﬁ%"&ﬁﬁﬁﬂ}ﬁﬁﬂfﬂlé@@ 5t emiesy MaSgng are used for mapping the PHICHS 4, 5, 6
and 7 (875). Since thd®PHGHE D, ihjd-8i6ES BAB)sadeiyeheBrsdr RV spntd atiorscleipder, the
PHICHSs 4, 5, § and f{&/R4arreepriated ifcandak seleglionimnaey. This is to keep the balance of
resource consumption and power consumption between OFDM symbols. Since 2 mini-CCEs are
selected from the first OFDM symbol, 1 mini-CCE is selected from the second OFDM symbol. To this
end, the mini-CCE #4 862, which is obtained by increasing by one the index of the mini-CCE #385!
used for the PHICHs 0, 1, 2 and 3 (873), is selected as a mini-CCE for the PHICHs 4, 5, 6 and 7 (875).
Accordingly, the PHICHs 0, 1, 2 and 3 (873) are mapped to the mini-CCE #3 851, the mini-CCE #16
863, and the mini-CCE #26 864, and the PHICHSs 4, 5, 6 and 7 (875) are mapped to the mini-CCE #4

862, the mini-CCE #15 856 and the mini-CCE 425 860. In summary, if dummy mini-CCEs #A, #B
and #C for PH1CH mannina are celected PHICHe a-a4+42 ara mannad to mini-CCEec #A #(1224+1) and



In an alternative method, if dummy mini-CCEs#B and #C for PHICH mapping are selected, PHICHs
a-a+3 are mapped to mini-CCEs #A, #(B+1) and #C, and PHICHs a+4-a+7 are mapped to mini-CCEs
#(A+1), #B an 0(%461/})'4 %n7tg1is way, the PH1CHs a-a+3 are generated in a;g;l Is{%eg:ti&rg%manner,
and the PH1CHs a+t4.a% 1 are generated in a "1+2 selection” manner. -28-order OFthE htexes of the
mini-CCEs, except for the mini-CCEs used for the PCSICHs and PHICHs. The embodiment generates
CCEs from the remaining mini-CCEs 877, and map2#e PDCCHs thereto. FIG. 24 illustrates an
embodiment of control channel resource-mapping for N",=4, L=3, and LpHicH=3. If LpificH=3 and
NrilicH=3, the embodiment sh eneragte PHICH hy selecting one minj-CCE from each OFDM
symbol. Even the mini-&étﬁgg Iéc&é% ?FB%W ngérﬁ%ﬁﬁﬁiﬁf%ﬁg@h@@gsbg‘%@é fedlch that the
selected mini-G€ES sparragihdiystgaddd abafifrdpnosash stEslogahetroguensyladinainr in order to
obtain frequeneyrditersityreainrce seleofidh' ced Badded3 whith- GClsrasaindexrg sinshonfon FIG. 3.
For convenieng%hi Is.apsHpgg in the embodiment of FIG. 24 that the number of control resource
blocks is 6, so a'total of 42 mini-CCEs are defined. If the 42 mini-CCEs are subjected to ID
rearrangement in the Pdé?egfrég) i ROSSENE MiMeETRISS IR, FBRAT U dAPShViT Bl Bference
numeral 821. SedalgiwPCHEIbH shoibikl iménatiiie tborn RPEICEE sdtthedfinst @B syonbol, and the
PHICH shouldpisefeqarargegtam mijpacdak sdiehihss fitst PERMIymbaliardnaished then

embodiment shou -&)i_(d(%l Ih@ 6@4 I CEs of the first OFDM symbol in order to select mini-CCEs
for the PCFICH and mini- éggg}f/or t%e Iﬁz H. Reference numeral 823 shows only the mini-CCEs

picked out of the first BFEEPsyhbothe b ubimsh-ceeranass thei-ode-LCAgFsgon whadirsy7 882, 411
883, #14 884, BFBN8E;MRA!l 38642 FB3Tic #AB BB Ek3ds88 Fo# Be FUOM AL 39 B8R 1oie kefimainders,

obtained by diyidingitheminae Gindex:by 7, of all of which are 0 or 4, are all disposed in the first
OFDM symbol. In the state where only the minj-CCEs of the figst OFDM.s are selegted and
arranged as shown b Ii’ef%?é?n? eraF@%,de%e%irﬁ?@@és%ﬁtﬁé ﬁ@l”—’};'g!l&(g?e %@Ps i‘&ted.
Reference nuiiféRair8Rs shisws tHes namitec Brag7@8DMheymipnlC EEthiber8asec thernginiaCGP 1128 888
and the mini-Gedo#39 892cudnchrarerseiasted asohintdeion(Npeicid AR ior ihecRGEIGH. The
process of seleglg M iis (pr:6 RCRICHLIA RAHAIRICS REcaIElng (QRAIAgap regource
selection or zone-based resource selectign, which is the resource-mapping rule for a physical channel.

For reference, WRT&YL AT Y5519 an AGHOdE L8 dsg DieD F S MBERE fBiontrol

channel transrfisEiofor the RIS (EHAC Epinfarrhationmimiveahinstbsscdmal thep PCF@HImayiynot be

recdes, ThOug U1 OERLOR GGV SbSg fenar e, T YOI EGFICH o

ransmitted only lor| PHIGHES, the PCEICH RS GE splaction (825) and i asspeiated steps
diversity gain, the embodiment first selects Npycy mini-CCEs spaced apart from

each other on the frequency domain in the first OFDM symbol, uses some of the
selected mini-CCEs for actual the PHICH, and uses the remaining mini-CCEs as
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.



In order to generate PHICH, it is necessary to select, as dummy miniCCEs for the PHICH, mini-CCEs
which are maximally spaced apart from each other on the frequency domain, among the mini-CCEs

unused for Pcwgg‘g Amarg the mini-CCEs of the first OFDM symbol. Refe{,%qggxam%%lsgﬂ shows
foor ﬂie P

mini-CCEs unuse CFICH, which are rearranged in the order of the indexes of the mini-CCEs,
among the mini-CCEs of the first OFDM symbol. The process of selecting dummy mini-CCEs for
PHICH mapping is performed according to regular-géb-resource selection or zone-based resource
selection, which is the resource-mapping rule for a physical channel. The mini-CCE 44 881, the
mini-CCE #21 886, the mini-CGE, #35 890 are selected as dummy mini-CCE forﬁ#—'&ﬂ% apping, and
all of the mini-CCEsBil?L,%g% gr%’S a?ren%?sdlf)ngélg gﬁlﬁges firr%inbggk;s_s%%bﬁf e éren'celzﬂ]l numeral
829 shows mirﬁf@e@sggéleb@(aﬁérfwmﬁmé. Fé fiomcesremainingginicCIg3y execgbfdithed by
selecting 3 mimGGEH tfier thinRPCEIE H4 i88 L the=mitieGhdE 432 89aiad s oiinied GEsdp7 894, and
PH'_CcHé E41# 52,3 o3l (%%%Léiﬁiﬁgggge@opfﬁqi?@ﬂﬂg%ﬁc{n?t??C';Sﬁf,t Fhﬁﬂ]}'@ht@??oﬁh@? tflle "
mini- e mini- . : n.a detailed descriptia e process of selecting
min-CCE 123 B HCCR L0 B0 eI ASelalep o sepion o e pacesa f o
dummy mini-Ce&esSbt PRt Rippity ieforuesde MEppiRg ®HI&Hs 0, 1, 2 and 3 (1103). The
mini-CCE 4_22_ 893, whh@ht'tspcmtajrzeﬁ;-byeigrmcweialsingﬂwtmmmém_xpﬁaﬂammiﬁh&@ME%6, which is
& dummy minkf (BIoR HUhb SaRpingile eerR SELPNG MOt Teyiesaeopd PFDM
symbol, is used for mapping the PHICHs O, 1, Z%nd 3 ({910 mini-CCE 437 89(ﬁ;ﬁglh|ch is
obtained by indf@4EMd P T PRRIRL P ftfitedeE §§ %@ég %Nmf%ﬂ‘ﬁ HRMMYhRPECE for
PHICH mappirginhCedisr oy §@d8ilpd. mini-CCE from the third OFDM symbol, is used for mapping
the PHICHSs 0, I, 2 and36td®3)1 7 hekelatesdhienRit G Bsrartarkan@hd (Fekahaie aanrEEss by

selecting 3 miniICCEs.of the mini-CCE 4 in-CCE 422 893, and theg mini:CCE #37 894.
eanwhe, ST U B Do s B B e e e
for PHICH mapisg ot issened g iiNe®HiEHs 4, 5, 6 and 7 (1105). The mini-CCE 45 895,
which is obtained by ibsre@pifd Qytbaetnsowhdendigremics-CCEs#4y884thatiich M-a-duininy miniCCE
for PL-ITCH mapgiayinaides: i Selorlans: i CShufaT e seeond ORDM SRRl fused for
mapping the PH|CHs 4, 5, 6 and 7%#10 : It:urt er, the - 30 - mlnlr-%CCE 4%‘3 8%%%h|0h is obtained by
increasing by &5 tHEN AR B B MRIEICE 1S 1S8R SRR RINgG GLAh Ay BRRY e AR CH
mapping, in order to sEieellpne sip-ZCEdrpraaes (HitHiD RDNY&LeidE apparféisniagisify the
PHICHSs 4, 5, @t H (hbablatidiesefare] taeti-HICs 40ba frands? (E106)arepgeneaisieady selecting 3
mini-CCEs of the minis 9 Aini- mini-CCE 435 890. In
summary, if dugr‘%nr% %?%%%%%Ag,b%%ﬁ%%%%%[Og%ﬁ%ﬁlgér‘nga@%%ge' are selected, PHICHs a-a+3 are
mapped to mini-CCES 4%, AL SHALRT (& 53N BRHSHSEIAUES 052 MaBped tomHeRcES 4(a1-1),
4(13+2) and 4€samdPidiEping pBeaesktidre thappewtitd minkG@Es 4pplR)Y]. A3 amdodigE P13 In this way,

one mini-CCE £ap-henselectachfonpeachk ObPMhavihel seeltoat dhamriectessainbf (el are spaced
adacgli(ti'onal PHICHs are needed miqi-CCEs for

apart from each therton the r?%uen%bdomﬁinpmﬁ H ded, mir

P1-ITCH mapb' arg\aelgglea&ed y é’éﬁect?ﬁg other umsr’ny mln{?é%‘,‘]lé‘:seén%pl%lgéa in fﬁe same process.
Reference nurpkaane3méRohas g diigi tTHS, ifBRIGOARC Ay rEISgRY 9h aHBARRRE FoPthEiHfexes of the
mini-CCEs, exgappéprothe minroGis ussdifonthe RSHEGHHrang U3 PHRCHI(Hediatdinent
generates CCEs from the r g mi n ﬁ%mf .

Mathematically na?rg}s?sﬁlna g@lﬁgﬁsﬁg %%&%&%%%ﬁ Q %O%Bﬁ&m mgﬁﬁt%om 5

g.met according to arbitrary LpHicH helps facilitate

ex b :
realization of t}égxﬁﬁhﬁéﬂ% é%?éﬂﬁ%‘d%?ﬂ?%én?&%@ﬁ& ERRELAR HEBHIeR Adipt ethod is
described as failfmalsgenerakirs4 a. PitHPHTIHUH shandtiges atefimed SAd BEHE e dragatieveith reference

tF? ;rgHaccompﬁem%cgﬁavﬁa%mﬂEﬁ@ﬁﬁ%@l&%ﬁ%p%@tﬁﬂ@J&eﬁm jet efaod@d@:ﬁpﬂvdmpH ’Sﬁt of ’
s, which are -multiplexed on me physical resources, is defined as roup.
PSR S s R B AR st O RS
constitute oneBPHEH desals. alditidnbisy Of thash e s rdrdhe tprressiyrty) rbgtibladkkdlis applied
that transmits gliffenesiRitEGH= Pinalieizt dadipRhen PANCCHD dgagingneeooiporont, S8R HICIs are
subjected to CDM, and R - PHICH ai i ope gg%ip. raup index g is
a value indicaﬁﬁneltrz?t W cﬁﬁﬁ@l—f’ %{ljg I_l]g ?ge%%ggﬁ}g{l—%s{égyf\?%n exédﬁl‘ e? %@Hﬁ%dex is given
asp, a PHIC»—QS?E@:;S’@HH@)?‘E% SR PRIkt dsiEREh RS ha pY LR {pA LSRR BUP_SIZE)

(4) which control channels and RS are mapped is TDM-multiplexed, by a Time

[




-31 - where PH1CH_GROUP_SIZE is a value indicating how many PHICHs are CDMmultiplexed to
one PHICH group. When 1/Q multiplexing is applied, PHICH GROUP SIZE is 8, and otherwise, PHICH
GROUP SIZE is 4, Physical resources corresponding to one mini-CC n transmit a
CDM-muItipIex‘é’g Hﬁ?(&“ﬁf”éé;oup. However, in order to obtain frequency div%%?f%%@#%%é%HlCH group
is repeatedly transmitted on the frequency domain NpHicH times, i.e., NnucH mini-CCEs are used for
transmitting one HITCH group. If Npryieri=3, the PHX&ZH group is repeatedly transmitted using 3
mini-CCEs. A repetition index is defined by indexing mini-CCEs that transmit one PH1C1-1 group, and

the repetition index r has a value of ., l.. For mapping.af PH1CH ing to ICH group g, if
fiAO(g,0), rb‘ﬁfﬂba&wg\ﬂ%ﬁ?i)gcﬁépo@etg 8nsfﬁe%r§58ﬁﬁwg§f§bkﬁ[§§§ irsgéqlec (205 (gs G&m my

mini-CCEs, thenwifiplecH sad ke Rraite e g A1y #appsdoacemetyng dpriedo PHICH group
index g, and repetitionfirglez 2, dtesii(gsNpil0EH-pcahdAricisealcslathitising Egwatian (5). A(g,r)

= Ao(g,r)+mod(g- -aGil thi | ppING; .
mathematicalIy%ggggyé)%%gggrd%gﬁtyg %ﬁ?gﬁQﬁfeﬁ%fgoﬁ%gfﬁ%%f1@@@‘%&%1’&& 2

#A0(g,1), #A0(NBRIECIPY ) dSiSTRIEE £ BT Ao i oeggfclﬁ?'%ée ' %’% ,rc,)l)-’pincti)
becomes 0 regardieldsinfoanalion ofrgl ahe muentdesield BIErdTivnaigd egfornmeed dpmaaditeniar Lpi.nal=2
or 3, operationgoairbl GRamtRkhdRY @ R, PRFOITNE Her forfed HanRRaiRabITamdRepReegoing
description, acgaydiRa I NP RA [9VERIAR, NG R basedmeliia campy piegtiogeystem can
perform resource allocation orva(gcon ro channel in a tme-first manner, there / improving diversity
gain. reception processing device 971, and TDM-demultiplexed, by a Time Division

Multiplexer 973, into PDSCHs and RSs on a PDSCH region, and control

channels and RSs on a control channel region. Regarding the signal processed by

the reception processing device 971, RSs are separated from the PDSCHs and

RSs on the PDSCH region by means of an RS demapper 977, and only RSs are

separated from the control channels and RS signals on the control channel region

by means of the demapper 979 (981). The RSs are provided to a channel

estimator 983 where they undergo channel estimation, and the channel estimate is

provided to a PDSCH receiver 995, a PCFICH receiver 985, a PHICH receiver

987 and a PDCCH receiver 989, and then used for receiving a PDSCH signal, a

PCFCH signal, a PHICH signal and a PDCCH signal, respectively. If the

demapper 979 separates a PCFICH modulation symbol stream and provides the

results to the PCFICH receiver 985, the PCFICH receiver 985 restores a size L of

the control channel region in the corresponding subframe, and the information is

provided to the controller 991 and used by the demapper 979 to extract PHICH

and PDCCH modulation symbol streams. A PDSCH demapper 993 extracts a

PDSCH signal, and provides the PDSCH signal to the PDSCH receiver 995, and

the PDSCH receiver 995, under the control of the controller 991, restores data

channels using allocation information of the data channels, restored by means of

the PDCCH receiver 989.

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 Lppicn #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



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-rﬁ%%ﬁ?ﬂsaof‘a%%r a physical channel. The resource-mapping pl))r((j)Tc/gé{sz%sr/Oé)sps?ﬁlsical
channel, generates one physical channel by selecting physical - 32 - resources having a greater index
gap if possible, and since mini-CCEs are indexed s@éh-that as an index gap is greater, the resources
are spaced far apart from each other on the frequency domain, it is possible to maximally obtain

frequency diversity. Additionally, through the s of first selecting mini-CCEs for the PCFICH,
selecting mini-ﬁ@ggab?ﬁé\llgl fﬁj(??ﬁi’t'ﬁ% &[ﬁﬁﬁlﬁm@ég&e 3%&%?%@%6%%%5 the
remaining minic@OBkckarthelking the reforithegr IOV sitithpbisaiblestd dgombaiicsammmissifnCCEs
occupied by ingdpidygl gentrel £ hasele Seppingolid PWiiDIeaehsolitRE i ththenibdiaieisoare not
repeatedly def'ﬂ%j.lg ‘ eyr\lli%ige gﬁgﬂ'?aspgp%phas 9?6'31?2?? 1] ﬁeg $ ri]t3ed V\U_IQ r%fl%gmcgzto a certain
preferred embodiment thereot Wi§| he undestdod by t %%e %%l edﬁlﬁ?’thgﬁ?f{thét various changes in

form and detaif$hegig!Be ihdbe dEteiNvinbliemspdrmgromth upmtandt soPEEFIAR iflention as
defined by the dfiperdadeckints e SioeFho 83 -tk ATCIS: LA IMER ¢get Aan étheckfe). ttansmitting a

downlink contrglgha@n@lbisp Mabilgalance of resource consumption and power consumption
between OFDM symbols, some PHICHSs are generated by selecting 1 mini-CCE
from the first OFDM symbol and 2 mini-CCEs from the second OFDM symbol
(hereinafter ‘1+2 selection’), and some PHICHs are generated by selecting 2
mini-CCEs from the first OFDM symbol and 1 mini-CCE from the second
OFDM symbol (hereinafter ‘2+1 selection’). When mini-CCEs for the PHICH are
selected in this manner, an additional mapping rule different from the rule
described regarding the embodiment of FIG. 18, should be defined. Such an
additional rule has been described in steps 913 and 914 of FIG. 20. ‘
For N,,~=1 or 2, and L=2, the mini-CCEs are indexed as shown in FIG. 11.
For convenience, it is assumed in the embodiment of FIG. 23 that the number of
control resource blocks is 6, so a total of 30 mini-CCEs are defined. The 30 mini-
CCEs are 1D-rearranged in the order of indexes of the mini-CCEs as shown by
reference numeral 821. Since the PCFICH should be arranged on mini-CCEs of
the first OFDM symbol and a reference mini-CCE for selecting mini-CCEs for
PHICH should also be selected from the mini-CCEs of the first 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 8535, the mini-CCE
#20 858 and the mini-CCE #28 861, which are selected as 4 mini-CCEs
(Npcrieu=4) for the PCFICH. The process of selecting mini-CCEs for the
PCFICH is performed according to regular-gap resource selection or zone-based



communication system using Orthogonal Frequency Division Multiplexing (OFDM), 5the method
comprising the steps of: mapping the downlink control channel to Resource Elements (RES),

wherein the dowglj%/gf%wgl channel comprises a plurality of RE groups; %@Hb@%ﬁfwn”nk

control information via the mapped downlink control channel; 10wherein egc%t)é)?ﬁt plurality of RE
groups comprises four REs, and each RE group has a single time index; and wherein the plurality
of RE groups are allocated to available resourcesr2éhe downlink control channel in a time First
manner, wherein the available resources are divided into a two-dimensional frequency/time structure,

and wherein, during 1 llocation, a time index is increased fro n initjal value.up to
s g Lshans)

5
predeterminedr% 'r?%t?ﬁggﬂ’f‘fvg‘&ﬁléhscg’%&&}lb%efépg?ﬁ&ég‘sl W LRt 17 &B rrll%ff/l‘ingéx and

resetting the tiraEeiaeiesc sntiselintifikodiise? in the MBS widfiemeathe £ (Wi eddimay |aelsbone of the
plurality of RE grai¢ds Pheornpisasiar-Replosinensmissiarbea deferahiesighalfusgddar tthannel

estimation. 3 pEiq LIS AL HRIM Fed VAR S8 e Hrieashons RLHE B BIY iR Rini-
CCE selection, step 825, and its associated steps 907 and 909 of FIG. 20 can be
omitted.

In order to generate the PHICH, it is necessary to select mini-CCEs that
are maximally spaced apart from each other on the frequency domain, among the
mini-CCEs unused for the PCFICH among the mini-CCEs of the first OFDM
symbol. The selected mini-CCEs are not directly used for the PHICH, but are
used as a criterion for selecting mini-CCEs for the PHICH. Assume that such
mini-CCEs are dummy mini-CCEs for PHICH mapping. Reference numeral 827
shows mini-CCEs unused for the PCFICH, which are rearranged in the order of
the indexes of the mini-CCEs, among the mini-CCEs of the first OFDM symbol.
The process of selecting dummy mini-CCEs for PHICH mapping is performed
according to regular-gap resource selection or zone-based resource selection,
which is the resource-mapping rule for a physical channel. The mini-CCE #3 851,
the mini-CCE #15 856 and the mini-CCE #25 860 are selected as dummy mini-
CCEs for PHICH mapping, and all of the mini-CCEs 851, 856 and 860 are
disposed on the first OFDM symbol. Reference numeral 829 shows mini-CCEs
selected for the PHICH. Here, PHICHs 0, 1, 2 and 3 (873) are generated by
selecting 3 mini-CCEs of the mini-CCE #3 851, the mini-CCE #16 863 and the
mini-CCE #26 864 (Npuicii=3), and PHICHs 4, 5, 6 and 7 (875) are generated by
selecting 3 mini-CCEs of the mini-CCE #4 862, the mini-CCE #15 856 and the
mini-CCE #25 860 (Nppicy=3).

In a detailed description of the process of selecting mini-CCEs for
PHICH, the mini-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



groups that comprises the RE for transmission of the reference signal has a number of allocated REs
that is greater than four. 4. The method of claim 1, wherein the downlink control channel is a

Packet Dedicajasl s@pirahe&hannel (PDCCH) and the plurality of RE groupsc@aig pebassigned a
Physical Channel Format Indication Channel (PCFICH) or a Physical Hybrid Automatic Repeat
reQuest (H-ARO) Indicator Channel (PIIICII). MCSLLP 6.The method of claim 1, wherein the
predetermined value is a number of OFDM symbotsised for transmission of the downlink control
channel. 57.The method of claim 1, wherein a time index of a first RE in a given RE group is the single

gn;foi&?eex for the, aRves RE HQURed by ond; AMARREEAS Ipsdansmiting & dewmplisksanka! channel in

can be indicated in the next OFDM symbol. Since the dummy mini-CCEs for the
PHICH, selected from the first OFDM symbol, have already been selected as
mini-CCEs which are spaced as far as possible on the frequency domain, the
selection guarantees that the mini-CCEs of the second OFDM symbol, selected
after increasing indexes of the mini-CCEs, are also spaced apart from each other
on the frequency domain, making it possible to obtain the same frequency
diversity gain. Meanwhile, the mini-CCE #15 856 and the mini-CCE #25 860
disposed on the first OFDM symbol among the dummy mini-CCEs for PHICH
mapping, are used for mapping the PHICHs 4, 5, 6 and 7 (875). Since the
PHICHs 0, 1, 2 and 3 (873) are generated in a "1+2 selection" manner, the
PHICHs 4, 5, 6 and 7 (875) are generated in a "2+1 selection" manner. This is to
keep the balance of resource consumption and power consumption between
OFDM symbols. Since 2 mini-CCEs are selected from the first OFDM symbol, 1
mini-CCE is selected from the second OFDM symbol. To this end, the mini-CCE
#4 862, which is obtained by increasing by one the index of the mini-CCE #3 851
used for the PHICHs 0, 1, 2 and 3 (873), is selected as a mini-CCE for the
PHICHs 4, 5, 6 and 7 (875). Accordingly, the PHICHs 0, 1, 2 and 3 (873) are
mapped to the mini-CCE #3 851, the mini-CCE #16 863, and the mini-CCE #26
864, and the PHICHs 4, 5, 6 and 7 (875) are mapped to the mini-CCE #4 862, the
mini-CCE #15 856 and the mini-CCE #25 860.

In summary, if dummy mini-CCEs #A, #B and #C for PHICH mapping
are selected, PHICHs a~a+3 are mapped to mini-CCEs #A, #(B+1) and #(C+1),
and PHICHs a+4~a+7 are mapped to mini-CCEs #(A+1), #B and #C. In this way,
the PHICHs a~a+3 are generated in a "1+2 selection" manner, and the PHICHs
a+4~a+7 are generated in a "2+1 selection" manner. When there is a need for
additional 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 niapped 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

H



communication system using Orthogonal Frequency Division Multiplexing (OVUM), 10the apparatus
comprising: a controller for allocating a plurality of Resource Element (RE) groups to available

resources in th%j W@&gontrol channel in a time first manner, wherein the.gyailahle tespurces are
divided into a two-dimensional frequency/time structure, and wherein, during allocation, a time index is

increased from an initial value up to a 15predetermined value in a given frequency index, before
increasing to a next frequency index and resetting-tB8 time index to the initial value; a mapper for
mapping the downlink control channel to REs; and a transmitter for transmitting downlink control

information via the mapped downlink control claﬂf@el: 20wherei eachof&g;aolur lity-of groups
comprises four’ rs,ogﬁgeeglc YRE O%oﬁt}e has a smgsreet)i{r%e ?n{ é)?t.he ) esa%%graf?ﬁsﬁé claim 8,

wherein at lea{GHE B tRBDRIE D Rie 7BNE ERRbRsBS AR E ¢di s riivemiEsidimtaiRdterence
signal used fomeipdaEH 2 8E3 umdtinaps the PDCCHs thereto.

FIG. 24 illustrates an embodiment of control channel resource-mapping
for Nn=4, L=3, and Lpicy=3. If Lpmen=3 and Nppicp=3, the embodiment should
generate PHICH by selecting one mini-CCE from each OFDM symbol. Even the
mini-CCEs selected from different OFDM symbols should be selected such that
the selected mini-CCEs are maximally spaced apart from each other on the
frequency domain, in order to obtain frequency diversity gain.

For Ny=4 and L=3, mini-CCEs are indexed as shown in FIG. 3. For
convenience, it is assumed in the embodiment of FIG. 24 that the number of
control resource blocks is 6, so a total of 42 mini-CCEs are defined. If the 42
mini-CCEs are subjected to 1D rearrangement in the order of the indexes of the
mini-CCEs, the results are as shown by reference numeral 821. Since the
PCFICH should be arranged on mini-CCEs of the first OFDM symbol, and the
PHICH should also be arranged on mini-CCEs of the first OFDM symbol for
Lpmicy=1, the embodiment should pick out only the mini—CCEé of the first OFDM
symbol in order to select mini-CCEs for the PCFICH and mini-CCEs for the
PHICH. Reference numeral 823 shows only the mini-CCEs picked out of the first
OFDM symbol. Of the 42 mini-CCEs, 12 mini-CCEs #0 880, #4 881, #7 882, #11
883, #14 884, #18 885, #21 886, #25 887, #28 888, #32 889, #35 890 and #39
891, the remainders, obtained by dividing the mini-CCE index by 7, of all of
which are 0 or 4, 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 #7 882, the mini-CCE #18 A
885, the mini-CCE #28 888 and the mini-CCE #39 891, which are selected as 4
mini-CCEs (Npcren=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 Lpyicy 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
Lppicy=3, the PCFICH mini-CCE selection (825) and its associated steps 907 and



10. The apparatus of claim 9, wherein the at least one of the plurality of RE groups that comprises the
RE for transmission of the reference signal has a number of allocated R.F,s that is greater than four.

:30 MCSLLP \§ - %&3@51%1 a Physical Channel Format Indication Chann l,_,(lg I Physical
Hybrid Automati§ ﬁ’ergedét reQuest (II-ARO) Indicator Channel (PHICII). P 1 %:@g%}%r%tus of claim

8, wherein the transmitter transmits information 5associated with the available resources. 13. The
apparatus of claim 8, wherein the predetermined val%e-is a number

909 of FIG. 20 can be omitted.

In order to generate PHICH, it is necessary to select, as dummy mini-
CCEs for the PHICH, mini-CCEs which are maximally spaced apart from each
other on the frequency domain, among the mini-CCEs unused for PCFICH
among the mini-CCEs of the first OFDM symbol. Reference numeral 827 shows
mini-CCEs unused for the PCFICH, which are rearranged in the order of the
indexes of the mini-CCEs, among the mini-CCEs of the first OFDM symbol. The
process of selecting dummy mini-CCEs for PHICH mapping is performed
according to regular-gap resource selection or zone-based resource selection,
which is the resource-mapping rule for a physical channel. The mini-CCE #4 881,
the mini-CCE #21 886, the mini-CCE #35 890 are selected as dummy mini-CCEs
for PHICH mapping, and all of the mini-CCEs 881, 886 and 890 are disposed on
the first OFDM symbol. Reference numeral 829 shows mini-CCEs selected for
PHICH. Here, 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,
and PHICHs 4, 5, 6 and 7 (1105) are generated by selecting 3 mini-CCEs of the
mini-CCE #5 895, the mini-CCE #23 896 and the mini-CCE #35 890.

In a detailed description of the process of selecting mini-CCEs for the
PHICH, the mini-CCE #4 881 disposed on the first OFDM symbol among the
dummy mini-CCEs for PHICH mapping is used for mapping PHICHs 0, 1, 2 and
3 (1103). The mini-CCE #22 893, which is obtained by increasing by one an
index of the mini-CCE #21 886, 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 0, 1, 2 and 3 (1103). The mini-CCE #37 894,
which is obtained by increasing by two an index of the mini-CCE #35 890, which
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



of OFDM symbols used for transmission of the downlink control channel. 1014.The apparatus of claim
8, wherein a time index of a first RE in a given RE group is the single time index for the given RE
group. 15. A method for receiving a downlink control channel in a mobile communication system
using Orthogoﬁ‘é(l’ ﬁ%ﬁg?%y Division Multiplexing (OFDM), 15the method ES%BH%?H%"%"‘%teps of:
receiving the downlink control channel comprising a plurality of Resource Element (RE) groups; and
demapping downlink control information from the reggived downlink control channel; 20wherein each
of the plurality of RE groups comprises four RE,s, and each RE group has a single time index; and
wherein the plurality of RE@r%rOLg:S are allocated to available resources in the downlink control channel

in a time first niaE Wb P thevhiehSorb et e dosreasinaby e LaiBdgmiisomini-
frequency/timeCstiticidie 3 8hdwitiehein addumgny mini-CCE for PHICH mapping, in order to

select one mini-CCE from the third OFDM symbol, is used for mapping the
PHICHs 4, 5, 6 and 7 (1105). Therefore, the PHICHs 4, 5, 6 and 7 (1105) are
generated by selecting 3 mini-CCEs of the mini-CCE #5 895, the mini-CCE #23
896 and the mini-CCE #35 890.

In summary, if dummy mini-CCEs #A, #B and #C for PHICH mapping
are selected, PHICHs a~a+3 are mapped to mini-CCEs #A, #(B+1) and #(C+2),
PHICHs a+4~a+7 are mapped to mini-CCEs #(A+1), #(B+2) and #C, and
PHICHs a+8~a+11 are mapped to mini-CCEs #(A+2), #B and #(C+1). In this way,
one mini-CCE can be selected from each OFDM symbol such that the selected
mini-CCEs are spaced apart from each other on the frequency domain. When
additional PHICHSs are needed, mini-CCEs for PHICH mapping are selected by
selecting other dummy mini-CCEs and repeating the same process.

Reference numeral 831 shows 32 mini-CCEs, which are rearranged in the
order of the indexes of the mini-CCEs, except for the mini-CCEs used for the
PCFICH and the PHICH. The embodiment generates CCEs from the remaining
mini-CCEs 1107, and maps the PDCCH thereto.

Mathematically expressing a PHICH mapping method according to
arbitrary Lpyicy helps facilitate realization of the method. A a method for
mathematically expressing the PHICH mapping method is described as follows:

First, a PHICH group should be defined. As described above with
reference to the accompanying drawings, multiple PHICHs are transmitted after -
undergoing CDM. A set of PHICHs, which are CDM-multiplexed on the same
physical resources, is defined as a PHICH group. If 4 PHICHs are transmitted
after undergoing CDM, PHICH a, PHICH a+1, PHICH a+2 and PHICH a+3
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).

¢ = floor(p/PHICH_GROUP_SIZE)  ......... (4)



25 allocation, a time index is increased from an initial value up to a predetermined value in a given
frequency index, before increasing to a next frequency index and resetting the time index to the initial

value. 16 3% %glg%?d of claim 15, further comprising receiving inforgﬁp&%ﬁ%&%@gmed with

the available révsour?:es CSLLP - 36 - 17. The method of claim 15, wherein the predetermined
value is a number of OFDM symbols used for transmission of the downlink control channel. 18.
The method of claim 15, wherein the downlink cont®l ehannel is a Packet Dedicated Control Channel
(PDCCH) and the plurality of RE groups are not assigned a Physical Channel Format Indication
Channel (PCTICH) or a Physical Hybrid Automatic Repeat reQuest (H-ARQ) Indicator Channel
(PHICH). 19. The method of claim 15, wherein a time index of a first RE in a given RE 10group is
the single time'heesHbH € M[ﬂt&j@ﬁ@ a value indicating how many PHICHs are CDM-

multiplexed to one PHICH group. When I/Q multiplexing is applied,
PHICH_GROUP_SIZE is 8, and otherwise, PHICH_GROUP_SIZE is 4.

Physical resources corresponding to one mini-CCE are enough to
transmit a CDM-multiplexed PHICH group. However, in order to obtain
frequency diversity gain, the PHICH group is repeatedly transmitted on the
frequency domain Npycy times, i.e., Nppyicy mini-CCEs are used for transmitting
one PHICH group. If Npyicy=3, the PHICH group is repeatedly transmitted using
3 mini-CCEs. A repetition index is defined by indexing mini-CCEs that transmit
one PHICH group, and the repetition index r has a value of 0, 1, -+, Npwicu-1.

For mapping of PHICHs belonging to a PHICH group g, if #A.(g,0),
#A4(g, 1), -, #Ay(g,Npuicu-1) disposed on the first OFDM symbol are selected as
dummy mini-CCEs, the mini-CCEs to which PHICHs are actually mapped
according to Lpycn, PHICH group index g, and repetition index r, are #A(g,0),
#A(g, 1), -, #A(g,Npuicu-1), and A(g,r) is calculated using Equation (5).

A(gr) = Ao(gn)tmod(gtr,lpmen) ool (3)

In this manner, the PHICH mapping method can be mathematically
expressed according to arbitrary Lppcy. For example, if Lpmcn=1, #A0(g,0),
#A4(g,1), -, #Ao(g,Npuicy-1) are mini-CCEs for PHICH mapping. In this case,
since mod(g+r,Lpmicy) becomes O regardless of a value of g and r, a desired
operation is performed. In addition, if Lpycu=2 or 3, operations of FIGs. 23 and
24 are equally performed.

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



20. The method of claim 15, wherein at least one of the plurality of RE groups comprises an RE for
transmission of a reference signal used for channel estimation. 15 21. The method of claim 20,

wherein the atlf he plurality of RE groups that comprises the R g&ﬁmgggn of the
reference signa ﬁ?@%@ﬁ%stber of allocated REs that is greater than four. 2%%2’%% apﬁa‘ratus for

receiving a downlink control channel in a mobile communication system using Orthogonal Frequency
Division Multiplexing (OFDM), the apparatus comprisihg: a receiver for receiving the downlink control
channel; a demapper for demapping downlink control information from the received 25downlink

control channel, and. . ya santtoller or identityingiat the.conyrol chanel comorises, g glualiy of
Resource Elemen({u(‘iﬁﬁ) grouﬁs at are aﬁoc &d {tgaval anfe feddurcas |n¢he gown]hﬁ( control
channel in a tirféchréiananarindfeaan the'sokiatie FEXlrcs LSRRG BB HierdifAehsional
frequency/timestrrcturethanfrayhenejn dduatiig, allosatiossibltinte indein30iyisdbti@aseddeanyan initial
value up to a Da%&wm@ﬁ@mép INER frRAMRREYs RS PRigERiAGreasNe ta:a RGXifEeduency
index and resefig e U 0 XM iE A YAREPEICH from the remaining mini-CCEs,

generating CCEs using the remaining mini-CCEs, and using them for the PDCCH,

it is possible to guarantee that mini-CCEs occupied by individual control channels

do not collide with each other, i.e., the mini-CCEs are not repeatedly defined.

While the invention has been shown and described with reference to a

certain preferred embodiment thereof, it will be understood by those skilled in the

art that various changes in form and details may be made therein without

departing from the spirit and scope of the invention as defined by the appended

claims.



MCSLLP - 37 - wherein each of the plurality of RE groups comprises 'four REs, and each RE
group has a single time index. 23. The apparatus of claim 22, wherein the receiver receives
information 5associatedwith the available resources. 24. The apparatushtf gldith 22, wherein the
predetermined value is a number of OFDM symbols used for transmission of the downlink control
channel. 1025.The apparatus of claim 22, wherein tBé downlink control channel is a Packet Dedicated
Control Channel (PDCCH) and the plurality of RE groups are not assigned a Physical Channel Format
Indication Che¥ 4IPS EICAMER PHysical Hybrid Automatic Repeat reQuest (H-ARQ) Indicator
Channel (PHICH). 1526.The apparatus of claim 22, wherein a time index of a first RE in a given

1. A method for transmitting a downlink control channel in mobile
communication system using Orthogonal Frequency Division Multiplexing (OFDM),
5  the method comprising the steps of:
mapping the downlink control channel to Resource Elements (REs), wherein the
downlink control channel comprises a plurality of RE groups;
transmitting downlink control information via the mapped downlink control
channel;
10 wherein each of the plurality of RE groups comprises four REs, and each RE
group has a single time index; and
wherein the plurality of RE groups are allocated to available resources in the
downlink control channel in a time first manner, wherein the available resources are
divided into a two-dimensional frequency/time structure, and wherein, during
15  allocation, a time index is increased from an initial value up to a predetermined value in
a given frequency index, before increasing to a next frequency index and resetting the

time index to the initial value.

2. The method of claim 1, wherein at least one of the plurality of RE groups

20 comprises an RE for transmission of a reference signal used for channel estimation.

3. The method of claim 2, wherein the at least one of the plurality of RE
groups that comprises the RE for transmission of the reference signal has a number of

allocated REs that is greater than four.

25
4. The method of claim 1, wherein the downlink control channel is a Packet
Dedicated Control Channel (PDCCH) and the plurality of RE groups are not assigned a
Physical Channel Format Indication Channel (PCFICH) or a Physical Hybrid Automatic
Repeat reQuest (H-ARO) Indicator Channel (PHICH).
30

5. The method of claim 1, further comprising transmitting information

associated with the available resources.



RE group is the single time index for the given RE group. 27. The apparatus of claim 22, wherein
at least one of the plurality of RE groups comprises an RE for transmission of a reference signal used
for channel 20estimation. 28. The apparatus of claim 27, wherein the atMéast'dhe of the plurality of
RE groups that comprises the RE for transmission of the reference signal has a number of allocated
REs that is greater than four. 25 -34 -

6. The method of claim 1, wherein the predetermined value is a number of

OFDM symbols used for transmission of the downlink control channel.

5 7. The method of claim 1, wherein a time index of a first RE in a given RE

group is the single time index for the given RE group.

8. An apparatus for transmitting a downlink control channel in a mobile

communication system using Orthogonal Frequency Division Multiplexing (OFDM),
10  the apparatus comprising:

a controller for allocating a plurality of Resource Element (RE) groups to
available resources in the downlink control channel in a time first manner, wherein the
available resources are divided into a two-dimensional frequency/time structure, and
wherein, during allocation, a time index is increased from an initial value up to a

15  predetermined value in a given frequency index, before increasing to a next frequency
index and resetting the time index to the initial value;

a mapper for mapping the downlink control channel to REs; and

a transmitter for transmitting downlink control information via the mapped
downlink control channel;

20 wherein each of the plurality of RE groups comprises four REs, and each RE

group has a single time index.

9. The apparatus of claim 8, wherein at least one of the plurality of RE
groups comprises an RE for transmission of a reference signal used for channel

25  estimation.

10. The apparatus of claim 9, wherein the at least one of the plurality of RE
groups that comprises the RE for transmission of the reference signal has a number of
allocated REs that is greater than four.

30
11.  The apparatus of claim 8, wherein the downlink control channel is a

Packet Dedicated Control Channel (PDCCH) and the plurality of RE groups are not
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assigned a Physical Channel Format Indication Channel (PCFICH) or a Physical Hybrid
Automatic Repeat reQuest (H-ARO) Indicator Channel (PHICH).

12.  The apparatus of claim 8, wherein the transmitter transmits information

associated with the available resources.

13.  The apparatus of claim 8, wherein the predetermined value is a number

of OFDM symbols used for transmission of the downlink control channel.

14. The apparatus of claim 8, wherein a time index of a first RE in a given

RE group is the single time index for the given RE group.

15. A method for receiving a downlink control channel in a mobile
communication system using Orthogonal Frequency Division Multiplexing (OFDM),
the method comprising the steps of:

receiving the downlink control channel comprising a plurality of Resource
Element (RE) groups; and

demapping downlink control information from the received downlink control
channel;

wherein each of the plurality of RE groups comprises four REs, and each RE
group has a single time index; and

wherein the plurality of RE groups are allocated to available resources in the
downlink control channel in a time first manner, wherein the available resources are
divided into a two-dimensional frequency/time structure, and wherein, during
allocation, a time index is increased from an initial value up to a predetermined value in
a given frequency index, before increasing to a next frequency index and resetting the

time index to the initial value.

16.  The method of claim 15, further comprising receiving information

associated with the available resources.
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17.  The method of claim 15, wherein the predetermined value is a number of

OFDM symbols used for transmission of the downlink control channel.

18. The method of claim 15, wherein the downlink control channel is a
Packet Dedicated Control Channel (PDCCH) and the plurality of RE groups are not
assigned a Physical Channel Format Indication Channel (PCFICH) or a Physical Hybrid
Automatic Repeat reQuest (H-ARQ) Indicator Channel (PHICH).

19.  The method of claim 15, wherein a time index of a first RE in a given RE

group is the single time index for the given RE group.

20.  The method of claim 15, wherein at least one of the plurality of RE
groups comprises an RE for transmission of a reference signal used for channel

estimation.

21.  The method of claim 20, wherein the at least one of the plurality of RE
groups that comprises the RE for transmission of the reference signal has a number of

allocated REs that is greater than four.

22.  An apparatus for receiving a downlink control channel in a mobile
communication system using Orthogonal Frequency Division Multiplexing (OFDM),
the apparatus comprising:

a receiver for receiving the downlink control channel;

a demapper for demapping downlink control information from the received
downlink control channel; and

a controller for identifying that the control channel comprises a plurality of
Resource Element (RE) groups that are allocated to available resources in the downlink
control channel in a time first manner, wherein the available resources are divided into a
two-dimensional frequency/time structure, and wherein, during allocation, a time index
is increased from an initial value up to a predetermined value in a given frequency
index, before increasing to a next frequency index and resetting the time index to the

initial value;
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wherein each of the plurality of RE groups comprises four REs, and each RE

group has a single time index.

23. The apparatus of claim 22, wherein the receiver receives information

associated with the available resources.

24.  The apparatus of claim 22, wherein the predetermined value is a number

of OFDM symbols used for transmission of the downlink control channel.

25.  The apparatus of claim 22, wherein the downlink control channel is a
Packet Dedicated Control Channel (PDCCH) and the plurality of RE groups are not
assigned a Physical Channel Format Indication Channel (PCFICH) or a Physical Hybrid
Automatic Repeat reQuest (H-ARQ) Indicator Channel (PHICH).

26.  The apparatus of claim 22, wherein a time index of a first RE in a given

RE group is the single time index for the given RE group.

27.  The apparatus of claim 22, wherein at least one of the plurality of RE
groups comprises an RE for transmission of a reference signal used for channel

estimation.

28.  The apparatus of claim 27, wherein the at least one of the plurality of RE
groups that comprises the RE for transmission of the reference signal has a number of

allocated RESs that is greater than four.



