-1- DESCRIPTION BASE STATION, COMMUNICATION TERMINAL,
TRANSMISSION METHOD, AND RECEPTION METHOD J TECHNICAL
FIELD The present invention generally relates to wireless communication
technologies. More particularly, the pre‘§e‘nt invention relates to a base
station, a 10 communication terminal, a transmission method, and a
reception method used in a communication system where frequency
scheduling and multicarrier transmisgioraf& Témployed. 15 BACKGROUND
ART In the field of wireless communication, there is a growing demand for a

broadband Wirelesngg%ess sy 3 dé%at enab&%ﬁﬁgﬁ%}&?@@'SDG%RMNAL,
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frequency scheduling and multicarrier transmission are

employed.

15 BACKGROUND ART

In the field of wireless communication, there
is a growing demand for a broadband wireless access
system that enables efficient, high-speed, high-volume
communications. For downlink in such a system, a

20 multicarrier scheme such as orthogonal frequency
division multiplexing (OFDM) is expected to be used to
achieve high-speed, high-volume communications while
effectively restraining multipath fading. Also, in next
generation systems, use of frequency scheduling 1is

25 proposed to improve the frequency efficiency and thereby
to increase the throughput.

As shown in FIG. 1, in next generation systems,
a system frequency band is divided into multiple
resource blocks (in this example, three resource blocks)

30 each including one or more subcarriers. The resource
blocks may also be called frequency chunks. Each
terminal is allocated one or more resource blocks. In a

frequency scheduling method, to improve the transmission



efficiency or the throughput of the entire system, resource blocks are
allocated preferentially to terminals with good channel conditions according

to received signal quality or channel quality indicators 5 (CQIS) measured
based on downlink pilot channels and r‘@ﬁorted by the terminals for the
respective resource blocks. A pilot channel is a signal known to both the
sending end and the receiving end, and may also be called a reference

signal £& khewarsignaband-a4.0 trainivg siginal. When-frequenty sehedulirigm,

is emplayed, ritds negessary to previde the tergiinals withsgheduling11y  to
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formal
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be calledCEs aad 1A 0eartrofSiyhalifg eanfbRbitassetiatéd Yoonfrgh cators
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used for HecSchetluketlesoGrtaBiBtks as WelF aginfor/ation régarlieg” the
hybridsmﬂama@i_c @peatareauet_sme(HAB@)i_Foﬁc_t;heeatw,ctueelaf ceatrolalso be
channgisyysed in, sue A.moblle commyinication sysiem, see, oy sxamale,
3GPP, TR25.848, "P ysmafwel%er aspects of UTRA High 25 Speed Downlink
PAcket ARtBSS%ari 3BPP, TR2S 896 R8ASbilifF Skidy ofehhahcEdRpArR
for UTRA EBPDi'e Hders; wwhertvapesource hloek cemman te allterminatsisuling

statically allogated for a control ehannel,. some terminals cannat feceive they,

control channel with 30 good quality because channel conditions of a ,
resourceBIOEK ditfer Hoht tEinalto termiRi Meanivhile M giskibitinfas Ve
controtchannél taladinresddrcetlackst may makeitpossible farsall tekminalisled

t?ﬁeC%MetW%/Lz control signaling channel, an associated

control channel, or a physical downlink control channel

(PDCCH) . The control channel is also used to report a

modulation scheme (e.g., QPSK, 16 QAM, or 64 QAM) and

channel coding information (e.g., channel coding rate)

20 used for the scheduled resource blocks as well as

information regarding hybrid automatic repeat request

(HARQ) . For the structure of control channels used in

such a mobile communication system, see, for example,

3GPP, TR25.848, “Physical layer aspects of UTRA High

25 Speed Downlink Packet Access” and 3GPP, TR25.89¢6,
“Feasibility study of enhanced uplink for UTRA FDD”.

Here, when a resource Dblock common to all

terminals is statically allocated for a control channel,

some terminals cannot receive the control channel with

30 good quality because channel conditions of a resource

block differ from terminal to terminal. Meanwhile,

distributing a control channel to all resource blocks

may make it possible for all terminals to receive the



-3 control channel with certain reception quality. However, with this method,

it is difficult to further improve the reception quality. For these reasons, there
is a demand for a method of transmittin%a control channel with 5 higher
quality to terminals. In a system where adaptive modulation and coding

(AMC) is employed, i.e., where the modulation scheme and the channel
coding rate are adaptively changed, the number of symbols used to transmit

a 10 centroreRarmiel vagibs'fiom temiial to terAfRAl ThisTis betsusdthever,
amountiafrinformatieadransmittediperqg symbel varies depepding onth@ ve the
combination of the modulation schemg and the channel coding rate. Fog

next generﬁion sys%em, itid also being discussed 16 “éend'and réceive
differehP sigrials™sy- Ardtipefanteraissn prévided at tieséndihg ahdreedivimg th
ends. i this eagea conirot infeemation such as scheduling information as
desqribed above m?}{ beanegess.}ae% for gggh of atgg s{qq}als %ggsm&%edogy tgg q
multiple antennas. [n other war
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emand

! . s, 1n 20 such a sysFem, the number o ‘
symbots AeBEssafyfo trafsnfif® €oRdt chanfiel mayafy fiohf tepmiraiaéion
terminatasdalsavary depending onsthe riaberof antennas-used bydbevely

termi”é‘bé’é@éa,thetar{Eou%%%@:for%‘?“,OQ Qe ransmitied via a,contigl, . 5
channel 25 varies from terminal to terminal, it is necessary to use a variable .
fofmattPat Ean fIERBI &écorimotiatearibuscambtmts 6Pcortrolinféimatioh-

to imprcyve sesauiree usaeeﬂmi@mnyt Hewe\ferfuﬁmg{:auariajbiafmmai_ﬂ%y per
'”Crea%?&%%§'9'1§‘AP{%%€55&&%¥‘{9&§L9§C’ afhe sending 30 gndreceiving o

ends. Meanwhile, when a fixed formafis used, it is necessary to provide a

dedicated ebhtroP thanhiél el dPthat daiactdAimEdate the traximiiim-anidint

of next generation system, it 1is also being discussed to
15 send and receive different signals by multiple antennas
provided at the sending and receiving ends. In this case,
control information such as scheduling information as
described above may be necessary for each of the signals
transmitted by the multiple antennas. In other words, in
20 such a system, the number of symbols necessary to
transmit a control channel may vary from terminal to
terminal and also vary depending on the number of
antennas used by the terminal. When the amount of
information to be transmitted via a control channel
25 varies from terminal to terminal, it is necessary to use
a variable format that can flexibly accommodate various
amounts of control information to improve resource use
efficiency. However, using a variable format may
increase the signal processing workload at the sending
30 and receiving ends. Meanwhile, when a fixed format is
used, 1t 1s necessary to provide a dedicated control
channel field that can accommodate the maximum amount of

control information. In this case, even 1f a control



control information. In this case, even if a control -4- channel occupies only a
part of the control channel field, the resources for the remaining part of the
control channel field cannot be used for data transmission and as a result,

the resource use 5 efficiency is reduced “For these reasons, there is a

demand for a method to transmit a control channel in a simple and highly
efficient manner. However, related-art methods of transmitting a control
channehstilheannetricet Hte alibve demands. 10 DISCEOSYRETOF channel
INVENTFION; PROBLEMSSTOBESSOLVED B Y THEANMENTIOP:@ne ahject he
of the pregent invention is to efficiently transmi conyrol channels ta.
communication terminals in a communication system where a frequency
band dllotated & e commiinicaton Systeff ficlides Pdtiple pesouiee  use
blecksegach-instidingi @nerRrdnese .subealriens-ard eachseemmunication is a
terminal communicates using one or more resource blocks. 20 MEANS FOR
SOLVINGTHE PROBLENSAS acpect of Pl sreSont ratton Hiodes a
base stafier @iseddn almiobile ToMmuAitatBRA System employing OFDM for
downlink. The basesstationdncludes ©=25 sehedudlencanfiguredtordetennine; a
a”ocat&%'?b {[adioy resources E%rle%c%:nﬁ%*%fr%@&s%beth ONE YOG .
resource blocks are allocated to each of selected user devices for
ddmmunications; a control channel generating unit configured to generate a
controbckamaeltireludingl 80 montmwn control information to be mapped to

radio [eSQUIEES disiriputed aciassa sysiem figauensy pand and

One object of the present invention is to

data

efficiently transmit control channels to communication
15 terminals in a communication system where a frequency
band allocated to the communication system includes
multiple resource blocks each including one or more
subcarriers and each communication terminal communicates
using one or more resource blocks.
20
MEANS FOR SOLVING THE PROBLEMS

An aspect of the present invention provides a
base station wused in a mobile communication system
employing OFDM for downlink. The base station includes a

25 scheduler configured to determine allocation of radio
resources for each subframe such that one or more
resource blocks are allocated to each of selected user
devices for communications; a control channel generating
unit configured to generate a control channel including

30 common control information to be mapped to radio
resources distributed across a system frequency band and
specific control information to be mapped to the one or

more resource blocks allocated to the each of the



specific control information to be mapped to the one or more resource blocks
allocated to the each of the -5- selected user devices; and a transmission
signal generating unit configured to generate a transmission signal by
time-division-multiplexing the common control information and the specific
control information °, according to scheduling information from the scheduler.
The common control information includes a format indicator representing

one ofgsreseteptionssthat irtigatesthe nantber of symbolsocetipied bystrenal
commganeentralipfornationds:one;sukilame, Thecormmon gontildéhission
informgtlion incl destiglfoer[ndaltipnstini;[ls_ I\{Yit‘total rgg%erm%r}lleed g:%tamsi%e.(;lz)hn rol
numbér of the infdrmation units is 1ess than requaﬁto aspemﬁneo?
multiphéife TABVANTAGROUS BEFFECPOF THE INVENTFION 15 Afcasidcton
ofthe presentinvention Jnakes: it i pgssiblederefficiently transmitcontiobduler .
channgls o communication terminals,ip 3 commynication system where g,
frequency band allocated to the communication system includes multiple
resourtBbl6ekS act iehidiRg ohtdor 20 fhor@ Sub@atiers anfaepns that
communicatienderminal carwauNicates ysHg ene ok nxredesgureddlocksmon
BRlEI.:cQEtSr%%IPﬂerIQA:tIgE ?5'“%’%4@'%%13@5%&@'.5 . glreav%ggn%‘[lggdégntrol
describe frequency 25 scheduling; FIG. 2 is a drawing illustratinga
ftéquehty °baAd t3Bd in aREMBBdiment of th&present invBhtion; FIGLEA is @
a partiakblockdtagresm (Da0f-a hdse-statior aecorditg tofantermbadimeniaofion
the present3Q dnvention; FIs. 3B is.p partia) block diagram(2) of & Hase; c .

station according to an embodiment of the present

ADVANTAGEOUS EFFECT OF THE INVENTION

15 An aspect of the present invention makes it
possible to efficiently transmit control channels to
communication terminals in a communication system where
a frequency band allocated to the communication system
includes multiple resource blocks each including one or

20 more subcarriers and each communication terminal

communicates using one or more resource blocks.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a drawing used to describe frequency
25 scheduling;
FIG. 2 1is a drawing illustrating a frequency
band used in an embodiment of the present invention;
FIG. 3A 1is a partial block diagram (1) of a
base station according to an embodiment of the present
30 invention;
FIG. 3B 1is a partial block diagram (2) of a
base station according to an embodiment of the present

invention;



invention; -6 FIG. 4A is a drawing illustrating signal processing components
for one frequency block; FIG. 4B is a drawing illustrating signal processing
components for one frequency block; 5 FIG. 5A is a table showing exemplary
information items of control signaling chidnnels: FIG. 5B is a drawing
illustrating localized FDM and distributed FDM; FIG. 5C is a drawing showing
the number of 10 symbols of an L1/L2 control channel which changes
according to the nurilser of4Rultipfexed usErsvEIG. 5D id asdrafingg signal

illustratingexemplary: ongpping-ef pait Odpformation-ang apaging indicator;
FIG. 5E is a drawin%'g;strah@g an 15ainfo rg]av'gigrq unitl%ingtt%saecdll;or a_.oo.1
paging indicator; FIG. 5F is a drawing illus réﬁmg d case where pregjodingg
vector8 WEaRd W8 sremistesmirfed sucle frat tved et four stteshs are

directed to a user device A @2EA,)i and the othastwo otthe.fowy streamsgrary
directeidnttooa 20 user dgvice BfUEOBr);CFI(%. 6isa qrawin% iIIustraj[ing the unit

rmatidon 1cem r SignalIng, ehannels;
of error correction coding; FIG 7ATs a rawma |I?ustraghng exempFary

mapping of data chahfels &hd ébntrol cHarels, 25 P 7R isla drahing L 1 2ed
illustrating exemplasy rnappig eboata channels and control channels; FIG.

7C is a drawing illu§tfeting5%xeringla%y gpfﬁgﬁt%(?f an L1iI.2 control %qlm(eerl ing ¢
a case where the number of symbols of the L17L2 control channel is 30

reportéd TR part ©; FIG. 7Plisly draifingtifdstratitiyan exefipiary changes

according to the number of multiplexed users;

FIG. 5D 1is a drawing illustrating exemplary
mapping of part 0 information and a paging indicator;

FIG. 5E is a drawing illustrating an

15 information unit being used for a paging indicator;

FIG. 5F 1is a drawing illustrating a case where
precoding vectors Wa and Wg are determined such that two
of four streams are directed to a user device A (UE.)
and the other two of the four streams are directed to a

20 user device B (UEp) ;

FIG. 6 is a drawing illustrating the unit of
error correction coding;

FIG. 7A 1is a drawing illustrating exemplary
mapping of data channels and control channels;

25 FIG. 7B 1is a drawing illustrating exemplary
mapping of data channels and control channels;

FIG. 7C 1is a drawing illustrating exemplary
formats of an L1/L2 control channel in a case where the
number of symbols of the L1/L2 control channel 1is

30 reported using part 0;

FIG. 7D is a drawing illustrating an exemplary

format of an L1/L2 control channel in a case where the

number of multiplexed users 1s reported for each MCS



format of an L1/L2 control channel in a case where the number of
multiplexed users is reported for each MCS -7- using part O; FIG. 7E is a
drawing illustrating exemplary mapping of part O of an L1/L2 control channel
in a three-sector configuration; 5 FIG. 7Fis a drawing illustrating exemplary
multiplexing schemes for general control channels; FIG. 7G is a drawing
illustrating exemplary mapping of common control information for users other
than cel-etlgendsers?10 FIG. 7H is a drawing illustrating exemplary mapping

of common control infarmation fer users riggludingicellhedge users, EKGampl is-y

a drawing illustrating an exemplary. method.of multiplexing,general contral
channréllaégifﬁla{1 Tase wﬁ(éarfatmrgﬁip%usae?s a]grjé {%Jrgltipﬁ%ilé:cfgl;@? gﬁr}g %[]pa?ﬁlal °
block dagramssia aermiial a8esrling e an embodiment of the present

ingention; FIG. 8B is@partial block diagram diq 20 tersinakaceprding i@ afry
emboqtilgfnt the present invention; FIG. 8C.is a bI%cléfliacglrgmlgwss}rating

T e scheme or’ general . cContr
a recelvmglﬁ)nlt éfla(%ermlnaIﬂ FIG. OA i a flowchart s owing an exemplary

25 process accordifigto arl @mbédimertcMhepreseht Shvehton, FREYBLary
a flowehasb shewing anexemplaiyn pardllelireceptian pracessy Fies OGS is@her
fIowchg}gta%hocvgipg_%r&%erlp&arry; 30 serial reception process;

10 FIG. 7H 1is a drawing illustrating exemplary
mapping of common control information for users
including cell-edge users;

FIG. 71 is a drawing illustrating an exemplary
method of multiplexing general control channels in a

15 case where multiple users are multiplexed;

FIG. 8A 1is a partial Dblock diagram of a
terminal according to an embodiment of the present
invention;

FIG. 8B 1is a partial Dblock diagram of a

20 terminal according to an embodiment of the present
invention;

FIG. 8C 1is a Dblock diagram illustrating a
receiving unit of a terminal;

FIG. 9A 1is a flowchart showing an exemplary

25 process according to an embodiment of the present
invention;

FIG. 9B 1is a flowchart showing an exemplary
parallel reception process;

FIG. 9C 1is a flowchart showing an exemplary

30 serial reception process;

FIG. 10A is a drawing (1) dillustrating error
detection coding and channel coding of general control

channels;



FIG. 10A is a drawing (1) illustrating error detection coding and channel
coding of general control channels; -8- FIG. 10B is a drawing (2) illustrating
error detection coding and channel coding of general control channels; FIG.
10C is a drawing (3) illustrating error 5détection coding and channel coding

of general control channels; FIG. 11 is a drawing illustrating an example of
transmission power control (TPC); FIG. 12 is a drawing illustrating an

example 10 of adapfide midtiulativn and coding (AMC); FIGuaBris bl dm or

illustratinge relaianships hgtwaen MEslevels and datasizese iz aldAinarol
drawingnigusg?gng transmission of L1/L2 control channels in four TTIs with
various mﬂ]ﬁllp iCifies; FIG. 14B is a table showing exemplary values of
parameters relatedé faultiplicitySFI6. 9538 ardrawih ildstraingrting error
predetgeminad telativeamappingdpositions<af controh 20dnfosmatien; Fl&s nlb-o 1
isa drgwgr}%gfed to describe a case where the number of blind detection
steps is reducea;' FIG. 17 is a table comparing methods 1 through 7; 25 FIG.
18 is a drawing (1) fitfstratidg af ekafiple’ WHere alpait 6R& ComtroFsigirarns e
codeddssing dhensarse chaporkeodingtseheme fanall users and another part

of the control signal;is coded using diffgrent chagnel coding sehemes 105,

respective users;

10 of adaptive modulation and coding (AMC) ;

FIG. 13 is a drawing illustrating
relationships between MCS levels and data sizes;

FIG. 14A is a drawing illustrating
transmission of L1/L2 control channels in four TTIs with

15 wvarious multiplicities;

FIG. 14B is a table showing exemplary values
of parameters related to multiplicity;

FIG. 15 is a drawing illustrating
predetermined relative mapping positions of control

20 information;

FIG. 16 is a drawing used to describe a case
where the number of blind detection steps is reduced;

FIG. 17 is a table comparing methods 1 through
7;

25 FIG. 18 1s a drawing (1) illustrating an
example where a part of a control signal is coded using
the same channel coding scheme for all users and another
part of the control signal 1is coded using different
channel coding schemes for respective users;

30 FIG. 19A 1is a drawing (2) illustrating an
example where a part of a control signal is coded using
the same channel coding scheme for all users and another

part of the control signal 1is coded using different



30 FIG. 19A is a drawing (2) illustrating an example where a part of a control
signal is coded using the same channel coding scheme for all users and
another part of the control signal is coded using different -a- channel coding
schemes for respective users; FIG. 19B1S a drawing used to describe
methods of decoding a downlink scheduling grant; FIG. 20 is a drawing used
to describe a case 5 where the channel coding scheme for a control signal is
variedfromnser (o dser, G2k’ & tablecurmpaning fissterough third
mfethods; FIG. 22 i$%dablp9$h%ing eg@mma@/ d@t@? 190;@@% %M%%ge@éiygods
information items; and FIG. 23 is a table c aring first through thir

methodt, EXBLANATION Bt HELEHERELE 18 31 F1dduency block
allocation control ufiit 32 Pfeqtignéy seratidling isR33-r CHmtror skfhafingase
channehgererating unitfae ifrequency bleclk x4 Data ehannreligenefating is
unit fogjg]gclqggn% O20 19|s°ecrk §5 Bro]gdcast channel (or paging channel)
generating unit X First mu fiplexing unit for frequency block x 37 Second
multiplexing unit 25838 Third méitipléxing? it 35 OtRerérghnélsifenerdtife b
unit 4G lnvessendastdaurier transform unit 41 Cyclic prefix adding unit 41

General control ChaEnl_QJe.l geérberaygg léltnittable showing exemplary data
10 sizes of respective information items; and
FIG. 23 1is a table comparing first through
third methods.

EXPLANATION OF REFERENCES

15 31 Frequency block allocation control unit
32 Frequency scheduling unit
33-x Control signaling channel generating unit for

frequency block x
34-x Data channel generating unit for frequency
20 block x
35 Broadcast channel (or paging channel) generating
unit

1-x First multiplexing unit for frequency block x

37 Second multiplexing unit
25 38 Third multiplexing unit
39 Other channels generating unit
40 Inverse fast Fourier transform unit

41 Cyclic prefix adding unit

41 General control channel generating unit
30 42 Specific control channel generating unit

43 Multiplexing unit

81 Carrier frequency tuning unit

82 Filtering unit



30 42 Specific control channel generating unit 43 Multiplexing unit 81 Carrier
frequency tuning unit 82 Filtering unit -10- 83 Cyclic prefix removing unit 84
Fast Fourier transform unit (FFT) 85 CQI measuring unit 86 Broadcast
channel decoding unit 5 87-0 General control channel (part 0) decoding unit
87 General control channel decoding unit 88 Specific control channel
decoding unit 89 Data channel decoding unit 10 BEST MODE FOR
CARRYINGOUTCYHELN VERTI®NrABesTHirey ta:ah embodiment of the
present inyentiom..a eontrok-channelds givided intorgeneral control
informatio%gcom n g:nor;ltg%l informuargigp) to be decoded by substantially all
communication terminas an(fjlggspemflc control information to be decoded
by specific® eommRtiRiedfion terphinalsthatare dllbeatetidne or more

resource biocks, anddhegenefaheontroldntormationand the specHicieontreli ¢
information, are eggoded flngo H]cor%lilatetg S?ﬁé}f%‘&o The controJCchanneI is

generated 20 by tlmnee-éﬁllsmn-muItiple%r?élt e genera(?lc%%tr%rllllnformation

and the sp@gific corftrol rifermafibRoaccsraing to Selvedllitg mfdrination and
Is transmittedl using-a mulicayierseheme.gl his imethod makes it possible to
efficiently transmit a control channel using 25 a fixed format without wasting
resources even when the amount of control information varies from

5 . o TNUT \

invention, a control channel is divided into general

control information (common control information) to be

decoded by substantially all communication terminals and

15 specific control information to be decoded by specific

communication terminals that are allocated one or more

resource blocks, and the general control information and

the specific control information are encoded and

modulated separately. The control channel is generated

20 by time-division-multiplexing the general control

information and the specific control information

according to scheduling information and is transmitted

using a multicarrier scheme. This method makes it

possible to efficiently transmit a control channel using

25 a fixed format without wasting resources even when the

amount of control information varies from communication
terminal to communication terminal

The general control information may be mapped

so as to be distributed across the entire system

30 frequency band and the specific control information for

specific communication terminals may be mapped only to

resource blocks allocated to the specific communication

terminals. In this case, the specific control



30 frequency band and the specific control information for specific
communication terminals may be mapped only to resource blocks allocated

to the specific communication terminals. In this case, the specific control -11-
information is mapped to resource blocks that provide good channel
conditions for the respective specific communication terminals. Thus, this
method makes it possible to improve the quality of the specific control 5
informatién Whilelachievingra eeftdintievel ef quatiy oflthe lgenéitad tomtrsivide
informatien forali wisers. A sewnlinkHilot ehannehgay-alsede mapped-se ias
to be distriputed across multiple resource blocks qllacated lo multile, o ;¢
communication terminals. apping a 10 pi ot ¢hannel across a wide band, for
examplesSmakes itt podsiBlCtiniprove e tturaty B eharselidstitnativh: 1oL
Accordingderanembodiment of dhe prasent invention,it® maixdain or improvet y
the recgptian.auality , ghconrol shannels nelyding a.generp) cgntrolchannel
15anda specific control ¢ anne?, transmission power control Is per?o'rmed for
the general control&h@fheland &he BF btPBRfanSMIssIdrF polter BBRRBF SO
and adaptive measdulatien ans.eedingaane-performedifel the spesificc €onfn@lck s

Cha“”%& 2Ot WéSiﬁQﬂoi"%é‘irecoé%%’R%Q{SPOQG perormed fonfg ;o 4
general control channel to improve the reception quality of the genera .
cohtroPéRarn el S5ecifiC €6/t idatih fetRfinald tatara™diotatdepkes 1t

resourcedlacks: Altholughrall asers=orcomnaudiicatiorr 2orieeminals recaiving .
a general control channel ity o demodylate the geperal control ghanngl. dtis,

enough if users who are allocated resource blocks can successfully _
demoduldfe’the°general dhitfdi thianfigl, iprove the reception quality

of control channels including a general control channel

15 and a specific control <channel, transmission power
control is performed for the general control channel and
one or both of transmission power control and adaptive
modulation and coding are performed for the specific
control channel.

20 Transmission power control may also be
performed for the general control channel to improve the
reception quality of the general control channel at
specific communication terminals that are allocated
resource Dblocks. Although all wusers or communication

25 terminals receiving a general control channel try to
demodulate the general control channel, it is enough if
users who are allocated resource blocks can successfully
demodulate the general control channel.

The general control channel may include

30 information on a modulation scheme and/or a coding
scheme applied to the specific control channel. Since
the combination of a modulation scheme and a coding

scheme for the general control channel is fixed (or is



The general control channel may include 30 information on a modulation
scheme and/or a coding scheme applied to the specific control channel.

Since the combination of a modulation scheme and a coding scheme for the
general control channel is fixed (or is -12-%at least selected from a limited
number of combinations), this method enables users who are allocated
resource blocks to obtain information on the modulation scheme and the
codinge$cherme fostheespedifid contrel chanetd, bydeatodulathrgthegénerst) /

controt ghanngk 4n @thee nwendss thissmethogpakesdt possile teperfrsdurce
adaptiy odulation and coding on a specific control channel of a contro

Channr S e Sy B Ve e B Sl ot I GRS formigem
channehRd.0Whes ¥@h3miSsibR Powep Eorttrél aferaddptivec Aitditatiophamd e L

cading-gre pertormec fof gontiel chanaels: thetotabnunabemnekaombinationse r
of modullatign schemeg, ﬁ?gc?"déﬁ‘% schemes fat {he, specific contrgl channel,
may be less than the tota number of com inations of modulation schemes

and cAtfing seheffesor astibred data Scifartel {pRysieardewniike shgrede ™ 2

channebPRSCHYXhEhise is becausenevenif theaequirethgualihef the ception
specifi&uggnitarg)ll %t}ancrfﬁ% isé ng ?(f?hiigvgg S0 %Iy bé/h%q%%tive modulation and
coding; there is no problem as long as 20 the required quality can be

dchieved by additioffafy peffotATinG TraR mRSIGH pSwer-éontroR FIRSTP LI ve
EMBQRAMENT >drl Gartiiscv diawingdbusteating-adregtiency o 25 bandaisechi s,

an emppdiment of the, presentipvention. yalugs.used i g Aeserptions, e e s

below are just examples and different values may be used. In this examgle,
a freqieficy BanddertirectFaismission Sant)Albcated (g rol channel may

be less than the total number of combinations of
15 modulation schemes and coding schemes for a shared data
channel (physical downlink shared channel: PDSCH). This
is because even if the required quality of the specific
control channel 1s not achieved solely by adaptive
modulation and coding, there is no problem as long as
20 the required quality can be achieved by additionally

performing transmission power control.

<FIRST EMBODIMENT>
FIG. 2 is a drawing illustrating a frequency
25 band used in an embodiment of the present invention.
Values used in the descriptions below are just examples
and different values may be used. In this example, a
frequency band (entire transmission band) allocated to a
communication system has a bandwidth of 20 MHz. The
30 entire transmission band includes four frequency blocks
1 through 4. Each of the frequency blocks includes
multiple resource blocks each including one or more

subcarriers. FIG. 2 schematically shows frequency blocks



communication system has a bandwidth of 20 MHz. The 30 entire
transmission band includes four frequency blocks 1 through 4. Each of the
frequency blocks includes multiple resource blocks each including one or
more subcarriers. FIG. 2 schematically‘%ﬁéws frequency blocks -13- each
including multiple subcarriers. In this embodiment, itis assumed that four
different communication bandwidths of 5 MHz, 10 MHz, 15 MHz, and 20

MHz avé cdefined. wliBer deviceqesy. sakkonmunicatiohteiminal ShaAobie t
terminal; or a dixedsternwaal) penferms eommunicationsdising e MYt ion
frequeney Blacks,n ope af thefour bandyidiis., 4 communication jerpinal n,
the communication system may support a (6f the four Bandwidtiis or
suppoftednily part df the fourdsanicv@dths: 10/Still, 6aBR edhTRbARAtIGRTMinal,

tesminal atlesst suppastsithes 5, MHzbangdwidthx AternatiMely, 410  performs

communication bandwidth may be defined and e§ch commun'g:f\tiop terminal
comm1f.n1ca 10NsS uslirn one oOr more re%ﬁlencr\nz. OCKS 1n one
may be configured to perform communications using the entire system

frequefty Pand LARobgh the abbve fdurcesmmdrication baRdlidiRs ate the
defineddnuthis erabadiment vior descriptive pukpeses, thelpresedt invastiorfour

nawi . o) ort . | T . nawrdths.
may also_ be.appli it.maéﬁ S8 wher %m&%c%tpn andwidths are, not

defined. In this em , a control channel (an 20 L1/L2 control signalin

difannélér-a lowérfayePRBHItOF Thiarmheh FoR torting sthaahlirg riferhatiéne
of datad chamnels (shatsed data chanhets)ia termingls is dransmiteciusingtion

the mipimuin; banawidih (o Midz); and;is, provideq fareach freguengy blogk: .,

For example, when a 25 terminal supporting the 5 MHz bandwidth performs
commitAitatitths T3y FegEendy hldc T B t&PHiRAl teeéiveE S contra?  the
channehprovidedyfor frequereydslock band. Although the above four

15 communication bandwidths are defined in this embodiment
for descriptive purposes, the present invention may also
be applied to a case where communication bandwidths are
not defined.

In this embodiment, a control channel (an

20 L1/L2 control signaling channel or a lower layer control
channel) for reporting scheduling information of data
channels (shared data channels) to terminals is
transmitted using the minimum bandwidth (5 MHz) and is
provided for each frequency block. For example, when a

25 terminal supporting the 5 MHz Dbandwidth ©performs
communications wusing frequency block 1, the terminal
receives a control channel provided for frequency block
1 and thereby obtains scheduling information.
Information indicating which terminals can use which

30 frequency blocks may be reported 1in advance to the
terminals, for example, via a broadcast channel. Also,
the frequency blocks used by the terminals may be

changed after communications are started. When a



1 and thereby obtains scheduling information. Information indicating which
terminals can use which 30 frequency blocks may be reported in advance to
the terminals, for example, via a broadcast channel. Also, the frequency
blocks used by the terminals may be ch%ged after communications are
started. When a -14- terminal supporting the 10 MHz bandwidth performs
communications using adjacent frequency blocks 1 and 2, the terminal
receivés eohtrel channals provided fore freglendiiblocks 1candi2landthefebyns

obtaing seheduling Sdpformation fakthe-10 MHz bangwidthp,Whensa terminalz,
suppoghng thce 15 MH% bandwidth Qerformg coinmuglcatloj?s :ﬁlngragjggen%r
thanne

frequency blocks' i 3 and % The “terminal receives contra S provide

for freﬁ%ﬁ%?%cl@lﬂczsanjd 38fd thereBy ohtains L oosdhedufingcheduling
informatien fantheoh5 Miiz handwidth Wyhem an terminal. supperting the 20inal
MHz bandW|d perf ni atlo terminal receives aII contral

channe%pﬁ)ro nogf(??%l ?gg}@:}]cy%b C!;sién ere%(f/rrtr)1 btains sche (ﬁﬂlrcngons
informafiéRJor H&20 Mz bARBWIGRC YN ﬁ@@?i’rourldlsc?efte bidcks labelgee
"contraele ehannel" are showrein each fregpencydiaekclikis insicatesadbat afor

controkcf_;g%{) 2\( § m%Q%eq(gdlstflbut d) tQ ngjltlgle resqur ghglgggg,lm g%ec aln s

frequencg Details of control channel mapping are described later. 2

RIG. 3Rq8Bartil bigtkHiagtarof A¥ast” Station'4tcobding to & - When a
embodiment od the prassnt tinkgntiamel hexlbasevistation shawindinh- 1Go SAf o rms

includes, 4. freaueney plock alipcationgontral unit 31, é‘lfl}%%ueng)[ 1SCh89HQ'}%1

unit 32; a control signaling channel 25 generating unit 33-1 and a data
chann&lganérsting Tt 381 foF Fregliency BIBER LY. , BFARoRtRsl thereby

signalinigtains scheduling information for the 20 MHz bandwidth.
15 In FIG. 2, four discrete Dblocks 1labeled “control
channel” are shown 1in each frequency block. This
indicates that a control channel is mapped (distributed)
to multiple resource blocks 1in the frequency Dblock.
Details of control channel mapping are described later.
20 FIG. 3A is a partial block diagram of a base
station according to an embodiment of the present
invention. The base station shown in FIG. 3A includes a
frequency block allocation control unit 31; a frequency
scheduling unit 32; a control signaling channel
25 generating unit 33-1 and a data channel generating unit
34-1 for frequency block 1, .., and a control signaling
channel generating unit 33-M and a data channel
generating unit 34-M for frequency block M; a broadcast
channel (or paging channel) generating unit 35; a first
30 multiplexing unit 1-1 for frequency block 1, .., and a
first multiplexing unit 1-M for frequency block M; a
second multiplexing unit 37; a third multiplexing unit

38; an other channels generating unit 39; an inverse



channel generating unit 33-M and a data channel generating unit 34-M for
frequency block M; a broadcast channel (or paging channel) generating unit
35; a first 30 multiplexing unit 1-1 for frequency block 1, ..., and a first
multiplexing unit 1-M for frequency bloc N a second multiplexing unit 37; a
third multiplexing unit 38; an other channels generating unit 39; an inverse
-15- fast Fourier transform unit (IFFT) 40; and a cyclic prefix (CP) adding unit
41. Thefegqueney bfock aliecation sontrol tnit GF detertines anfleqaierreyclic
block(g)torhe used)bysa derminah 5 (aamobile terminal or a fixed terminal)

based on informatiqn regarding the imum_supported bandwidth . reported
by the terminal. The Haqiendy Block SISLEioR Lartor dhv 31 mharkgas fhe -
correspohaERee betwedn Srespeetive terpfinals amd frequenéy blockstenaninal
sends the lOgorrespanglencesnformation tothedequenayischedulipgsuait on
32. The rresapto.ndence betwdelen frecgyeenc aglﬂ%ﬁ and term'na%s %Jgggvrvti%qh

different bandwidths m]éff/qriaer reBgrte in advance 1o the terminals via a

broadd@t oeh&hél YFoFexampre, thé fregientyBlock: alokatisik1s EbpfdF 1on
unit 3k-allews B usericommunicaiinggwih the.d Midz basgwhdibriodisecsamyeen

one Orr%EBSSi{i%voé‘et%frH%Q?Q%Q'ci":%ﬁl]q@é%%%h 61'5857%'”%?& cends the

communicating with the 10 MHz bandwidth; the frequency block allocation
cohtrof Gt SIPAINWE tHie usefor g 20 adjacerit freqhiefity Blstks SEedn L ing

freque@ﬁytblm 'mand:oz'régmtdc@hﬁ "Bance4nh Tfmefqetqalmejycybbl@_@ks and
allocatjon gontreLunit 31 may; alioy the UseL a tise afy, onA gr ASpedific ong,

of the combinations. For a user communicating with the 15 MHz bandwidth,
the frefTBALY P bidck aftBEatTcn dohtroFanit ST Eité\es the'iise of thrggadcast

channel. For example, the frequency Dblock allocation
15 control unit 31 allows a user communicating with the 5
MHz bandwidth to use any one or a specific one of
frequency blocks 1 through 4. For a user communicating
with the 10 MHz bandwidth, the frequency Dblock
allocation control wunit 31 allows the wuse of two
20 adjacent frequency blocks, i.e., frequency blocks “1 and
2", Y2 and 3”, or “3 and 4”. The frequency Dblock
allocation control unit 31 may allow the user to use any
one or a specific one of the combinations. For a user
communicating with the 15 MHz bandwidth, the frequency
25 Dblock allocation control unit 31 allows the use of three
adjacent frequency blocks, i.e., frequency blocks “1, 2,
and 3” or “2, 3, and 4”. The frequency block allocation
control unit 31 may allow the user to use one or both of
the combinations. For a user communicating with the 20
30 MHz bandwidth, the frequency Dblock allocation control
unit 31 allows the use of all frequency blocks.
Frequency blocks allowed to be used by a user may be

changed after communications are started according to a



adjacent frequency blocks, i.e., frequency blocks "1, 2, and 3" or "2, 3, and
4". The frequency block allocation control unit 31 may allow the user to use
one or both of the combinations. For a user communicating with the 20 30
MHz bandwidth, the frequency block allocition control unit 31 allows the use
of all frequency blocks. Frequency blocks allowed to be used by a user may
be changed after communications are started according to a -16- frequency
hoppinfg patter: T Heofregunen®y seleeduling unit 32 performs frequency

scheduling for eachrgttherfreguency/blogks.e Jheifrgquency-schedulipg winitrms
32 performs freguency,5 scheduling for each frequancy block based o, ..

channel q%aﬁ?y ihdica orsLt J(51%) reportedcby terminals for r%spect\{ve |
resourEeloéks SUeR tat thehredvliceblotkst are allorgtetiopreterehitiafly ¢ c v
tesminalshwith goegl channelconditieaguand genaratas sehedulingn  channel
information . 10 based.on the scheduling results. The control signalin

Channgl Saerhiine At 2t ot hedehey HIEd L SormE & comtar Sghging
channéFfr $epéHngrscHettfinginforhationdt fregliend\fbigtkolise Plocks
terminalseusiaglonly resourcee blacksonihinyfreguenay:blockall Similarly, good
each Oéégﬁn%%”té%!nsé]%al'g}%?h% nel generating “Q@%Q%J?H?&hefn?g%g?‘ﬂén
blocks forms a control signaling channel for reporting sc edu ing information

dfthe B8f8Sp6RINGE fretlieAty bidck btetminals using only resource blocks
20 within the frequency hlock.rithe datgrchannel generatingqmied4-difos unit

frequegey plogk 1 geperates data,channels each,of which istole i gna1ing

transmitted using one or more resource blocks in frequency block 1.
Frequéndy'Biotk 1 Aitdy be'stPédHy?  scheduling  information  of

frequency block 1 to terminals wusing only resource
15 Dblocks within frequency block 1. Similarly, each of the

control signaling channel generating units 33 for other

frequency blocks forms a control signaling channel for

reporting scheduling information of the corresponding

frequency block to terminals using only resource blocks
20 within the frequency block.

The data channel generating wunit 34-1 for
frequency block 1 generates data channels each of which
is to be transmitted using one or more resource blocks
in frequency block 1. Frequency block 1 may be shared by

25 one or more terminals (users) . Therefore, in this
example, the data channel generating unit 34-1 for
frequency block 1 includes N data channel generating
units 1-1 through 1-N. Similarly, each of the data
channel generating units 34 for other frequency blocks

30 generates data channels for terminals sharing the
corresponding frequency block.

The first multiplexing unit 1-1 for frequency

block 1 multiplexes signals to Dbe transmitted using



25 one or more terminals (users). Therefore, in this example, the data

channel generating unit 34-1 for frequency block 1 includes N data channel
generating units 1-1 through 1-N. Similarly, each of the data channel
generating units 34 for other frequencyﬂlt—)}lc‘:ks 30 generates data channels

for terminals sharing the corresponding frequency block. The first

multiplexing unit 1-1 for frequency block 1 multiplexes signals to be
transnitted Wiy - 171 feguéncybloek TuThisometiglexing inclades attledstast
frequengy givision multiplexing. Multiplexingohthe oentrel sighaling channelne
and thce:odag%oqansnlels Ll dgscrigﬁdrll%tee{ in arlrrll%qe (é%tgil. %{iar]glgarl)éh%%%h 9f theis
5 first murftlplexing Uits ]fo?otherafrequency blocks ‘multiplexes a contro
signalipgscharird add ta thafAelR téd bedttansniitied iisidg theeach of the
correspondingnfiequenexkblogk.uthe second smultiplexing unit Jlehanges okl s
positional relatignships of the first myiltiplexing ynits 1-0¢he, Mo the,
frequency axis according to a hopping patl%rn. Details of this process are
describedninthe seednd¥mboéditdel Thechroadéast cHathel fOrpagingrding
channeb o gengrating wnit 35 generates broadcast information such as

office data to be repgrted tgetgf)rp(ﬁﬂalsm%qvceirtsg &Y I%e bage station. The, _ | ges
u |

broadcast information may include information indicating the

CdtrespBRUEHEE BrtiEeR ThakitRTs Wipdried bandwidtHs bt Brptinaks ard ts
usable1 2@ freguency.bloaks. lbthetisablerkegeensy blacks aredorbemnaried, a

the bf%%%gﬁ%nf%@%%% mayalsg jnclyde infermation specifying a;00pRING. 4
pattern in t|%at|ng howdthe gsgble fr%quency blocks are to be varied. A
dn e secon emooaliment.

pagin

The broadcast channel (or paging channel)

15 generating unit 35 generates broadcast information such

as office data to be reported to terminals covered by

the base station. The broadcast information may include

information indicating the correspondence between

maximum supported bandwidths of terminals and usable

20 frequency blocks. If the usable frequency blocks are to

be wvaried, the broadcast information may also include

information specifying a hopping pattern indicating how

the usable frequency blocks are to be wvaried. A paging

channel may be transmitted using the same frequency band

25 as that wused for the Dbroadcast channel or using
frequency blocks used by the respective terminals.

The other channels generating unit 39
generates channels other than control signaling channels
and data channels. For example, the other channels

30 generating unit 39 generates a pilot channel.

The third multiplexing unit 38 multiplexes

control signaling channels and data channels of all

frequency Dblocks, a broadcast channel, and/or other



channel may be transmitted using the same frequency band 25 as that used
for the broadcast channel or using frequency blocks used by the respective
terminals. The other channels generating unit 39 generates channels other
than control signaling channels and dat Ehannels. For example, the other
channels 30 generating unit 39 generates a pilot channel. The third
multiplexing unit 38 multiplexes control signaling channels and data
channekeoirdl frevfueheydsiéeks] a broadcast channel, and/or other -18-

channels as necessayy. The/verse fastdoutiertransformuRit 46n  unit 40

inverse-fast-Fourier-transforms a signal output from the third multiplexin

it 58 A1 TRarehy ToIaS ot 5 ol BEcerdtie 5 DLV he yeic £
prefix (EPY addivg tinit ek Geherates tralismission Sypilssls by attaérings the
guard dnteryalsdedbe QrPM-snoduated symbols. A transmission symbol is,

for example, generated by duplicating a 10.serie ata at the end (or.head
of an OFDM-modug%eed s;?%%)%)fgndggt]faec ing thﬁe%tfplicgtéélé]a%al to&t e b
head (9 "&Fd)6fthe OFDNEmBHPited SYMiBoL FIGP3B shbWaCorgonefisrd

followingtbe+GR sadding bait dirshovsalin FHe d3A.yAB shewnan Fen 3B @i on
15 RF Stms(missiog cir%;pegggms dé'gitalé r}%lgg tco&we}g%/ion 5@9999% ng  a
conversion, and bahd limitation on %he' symbols with the guard intervals, and

a %owéle @rﬁﬁliﬁé@ ef?ﬁﬁlf?fi%tth%bseyrﬁlﬁ‘@ls EB%rpﬁﬁﬁr)op?iétéﬁoWWé%ﬂuﬁﬁe?ﬁd
the syphate ares transmitieth Viega diuplexes 120 andda transceer aatennad INor

this empodiment, itis agsymed.that the, basg station performs antenna
diversity reception using
FIG. 3B shows components following the CP

adding unit 41 shown in FIG. 3A. As shown in FIG. 3B, an
15 RF transmission circuit performs digital-analog

conversion, frequency conversion, and band limitation on

the symbols with the guard intervals, and a power

amplifier amplifies the symbols to an appropriate power

level. Then, the symbols are transmitted via a duplexer
20 and a transceiver antenna.

In this embodiment, it is assumed that the
base station performs antenna diversity reception using
two antennas, although this feature is not essential for
the present invention. An uplink signal received by the

25 two antennas is input to an uplink signal receiving unit.

FIG. 4A 1is a drawing illustrating signal
processing components for one frequency Dblock (xth
frequency block). In FIG. 4A, “x” indicates an integer
greater than or equal to 1 and less than or equal to M.

30 Signal ©processing components for frequency Dblock x
include a control signaling channel generating unit 33-x,
a data channel generating unit 34-x, multiplexing units

43-A, 43-B, .., and a multiplexing unit 1-x. The control



two antennas, although this feature is not essential for the present invention.
An uplink signal received by the 25 two antennas is input to an uplink signal
receiving unit. FIG. 4A is a drawing illustrating signal processing

components for one frequency block (xfljr 9fFequency block). In FIG. 4A, "X"
indicates an integer greater than or equal to 1 and less than or equal to M.

30 Signal processing components for frequency block x include a control
signalifgehanned geaertinglunits3<xr a4 data chdrirel géperatinggniit8gx, a
mU|tiF;l?éﬁlﬁ:b!mitslcéﬁt&oéig'ahanrﬁﬂd %e}wéﬂexm umﬂi?tx.mhe;aemtr@hlel%r
signaling channel generating unit 33-x includes a general control ¢ e
Goner AT U A LAt oG8 o Tors LA CRrol tha el Gancraing il
42-A, B2- B; ... . 5 The general control channel generating unit 41 performs
chinnel coding andrawltjevelmodulationcan anganenal gentreheharnel {mays 1
also be called general_control information,or cammaon control information)
i B O R el S 5 B 20 bl e hEG b 2
demodifaftPBy afiteFhfals UsiigitHe d8Pespenrding fréquenéy Bfocld &ifral
outputsdhe general contiakchannelrEachafthe speeifie controhebannelion) ,

generaing.ynits, 42 %eﬁ[f:qcr”!;sfc'&a%‘?!tc%i”%ﬁ%a&? ultileyel modylatian, .,

so be calle sgeci ic control information),

on a specific control channel (may a . .

hich RSa RPEFE caifiol SRR NEFarR & (6 BEUbBA UARgS  The
demodudateskby adenyinaktoywhichyonel ok-moresrasatiree bteckste thgeneral
correspgnding, frequeney block are 20 allocated, and outputs the specific

control channel. The data channel %enerating unit 34-x includes
Each of he specific control channel

generating units 42 performs channel coding and

15 multilevel modulation on a specific control channel (may
also be called specific control information), which is a
part of a control signaling channel and is to be decoded
and demodulated by a terminal to which one or more
resource blocks in the corresponding frequency block are

20 allocated, and outputs the specific control channel.

The data channel generating unit 34-x includes
data channel generating units x-A, x-B, . that,
respectively, perform channel coding and multilevel
modulation on data channels of terminals A, B,

25 Information regarding the channel coding and the
multilevel modulation is included in the specific
control channel described above.

The multiplexing units 43 map specific control
channels and data channels of respective terminals to

30 resource blocks allocated to the terminals.

As described above, the general control
channel generating unit 41 encodes (and modulates) the

general control channel and the specific control channel



data channel generating units x-A, x-B, ... that, respectively, perform channel
coding and multilevel modulation on data channels of terminals A, B, .... 25
Information regarding the channel coding and the multilevel modulation is
included in the specific control channel 85cribed above. The multiplexing
units 43 map specific control channels and data channels of respective
terminals to 30 resource blocks allocated to the terminals. As described
abovegtheegenarad confrob chanfergererbting unital ehreodésangsprective
modulates) the cg@aﬁfak%qnzﬁqala@hmdn@ll anddbespegific, contrgl &h@ﬁ@@f icl%g-ly
generating units 42 ode (and modulate) the respective specific control_, .
chann(Sa[fé(g?&rf:colrlgiingﬁg/g,Sc as géhgcr%faeticgﬁff es%%?/vnﬁﬁrﬁzlé?%, tﬁgaagﬁzlraloc%nﬁgﬁs
channelMgPthig Eriboeiment ffclutiesseifof HiféAnaHGA 9o afldsersld wheers

are assigned frequencydleck xrardthe sets pfl daformatiemarewollectively of
error-corr;ction-coded. Alterr]fz:ltivel : th@ﬁgeneral control channel ma ge
in e I error—-co ed,.

ormath?(?Fe CO eCtlY rrection-cqQ
error-correction-coded tor each user. In this case, a user cannot unlquely

identify a block in the EFER210 totrectibhcdiRuBIbEks Whete the ftfbrfatieir Y
for thepdseris contained cthereforeidbe tiser basto despdemll binokscMéth a
this method, because eneeding:is PETIRIMEY Joreagh user 1S ne  error-
comparatively easy to add or change users. Each user has to decoge and

démodinatecthie P5 general contreichatiRerincltdifg tHe & fifforifaiort e

for all users. Mearwhite, the specdicetontegl channels: inclade onlyiecode all
informatign for users,to which gesaurge Blacks, are actually allogated and gre.
therefore error 20 correction-coded for the respective users. Each user
for each user, it is comparatively easy to add or change
users. Each wuser has to decode and demodulate the
15 general control channel including the sets of
information for all users.

Meanwhile, the specific control channels
include only information for wusers to which resource
blocks are actually allocated and are therefore error-

20 correction-coded for the respective users. Each user
determines whether a resource block(s) has been
allocated by decoding and demodulating the general
control channel. Accordingly, only users who are
allocated resource blocks have to decode the specific

25 control channels. The channel coding rates and
modulation schemes for the specific control channels are
changed during communications as needed. On the other
hand, the channel coding rate and the modulation scheme
for the general control channel may be fixed. Still,

30 however, it 1is preferable to perform transmission power
control (TPC) to achieve a certain 1level of signal
quality. Thus, error-correction-coded specific control

channels are transmitted using resource blocks providing



determines whether a resource block(s) has been allocated by decoding and
demodulating the general control channel. Accordingly, only users who are
allocated resource blocks have to decode the specific 25 control channels.

The channel coding rates and modulaticrt Schemes for the specific control
channels are changed during communications as needed. On the other

hand, the channel coding rate and the modulation scheme for the general
controffeRannetimay bé fixednStill 130 howeVee ieispieferablecto parfornt  of

transmissign powerqeeatrol{IPC) ke achigye &certain leveb ol signak gualityyy
Thus, error-correction-%(}q;ed s&gcifiqﬁcontro% channel aﬁtrarfgnrjgedc%%@gol

resour?:lérb(ic%gfslﬁgo\/idmg -21- goo& channer ¢bnditions. Therefore, the

amouriticindéwhtinkdatamay bé réduedantd svfite exéAt By tparcturirgns of
FIG. 58nshows typascofidowalink contkol signaling changels and exenyplagy s .

inform tioni'tems of 5 ﬁhe Eesgectivg[ downligk con}rol silgn Iig% channels.d ‘
DowNIL o) SR o o s e & A deait Chn of (G 0522

dedicated13edigndling chahnée@ibpet Sldyericonirdr ehanfel SR Hige fayérrrer
control efamnetprand an thdZheantrot Ch]_’:]injlel dgwe&lamm&raﬂol a:.ﬁannel) ,
channgl),,The L1/L.2 ¢optrol channel m%%é'(}ﬁl%‘i? "Eﬁoorv%aé'onlf%é%’“”%9@%%1
transmission in addition to information for downlink data transmission. Also,

the LEL2nsitrol chaifel may/ifdludeatidismissior forptat @By, a dagtude
modulatian seheme; afchanmel cadingaate, tafad e sumber of mudtiplexed to

users),qf ghe /L2 copypl chapnel. |pformation,tems tq beitransmitied by

the respective channels are described below. (Broadcast Channel) 20 The
moad&%ﬁ%%aﬁH@ﬁqueaq6Q%%6nmay include a transmission format

(e.g., a data modulation scheme, a channel coding rate,
15 and the number of multiplexed wusers) of the L1/L2
control channel. Information items to be transmitted by

the respective channels are described below.

(Broadcast Channel)

20 The broadcast channel 1s used to report
information that is unique to a cell or information that
changes only at long intervals to communication
terminals (either mobile terminals or fixed terminals;
may also be called user devices). For example,

25 information that changes only at an interval of 1000 ms
(1 s) may be reported as broadcast information.
Broadcast information may also include a transmission
format of a downlink L1/L2 control channel, the maximum
number of multiplexed users, resource block

30 configuration information, and MIMO scheme information.
The maximum number of multiplexed users indicates the
number of users whose control information is multiplexed

in a downlink L1/L2 control channel in one subframe. The



information that is unique to a cell or information that changes only at long
intervals to communication terminals (either mobile terminals or fixed
terminals; may also be called user devices). For example, 25 information

that changes only at an interval of 10000 ffs (1 s) may be reported as
broadcast information. Broadcast information may also include a

transmission format of a downlink L1/L2 control channel, the maximum
numbeéreefimultiplexad esers fregwdreerbleek 30 corfiguration irfernfitiomi fied

and M¥MExscheme informations kThe maximum aumber, of ewdtiplexed usersay
indicates the n‘é@ebe{ of users vk\{gosceoggntrquirqg)rmag nni§l Enculltielee)%gg insae s
downlink L17E2 Sontrof cha netfln one su%)frame. e -22% Maximum number
of mulfipfexed isefs arsy Bevspetified Neparately for uplink and downlink
(NUmax and Nomarp ©r iray e eepresemtechby thestotalsaumbernoby a data
multiplexed-users, foruplink.and downlink, (Nall, S e transmission format s,
specified by a data modulation scheme and a c%anne coging rate. Since a
channéhéadiflg ra‘éan bé airfiquety deferiine baged ohc adta mbdwator
scheme and a dedaisize; ibe datamsize may ke eportediinsieachef theta size

channgl.coding rale, 40 Allernafively, ihe ransiission format makbeq cate.
reported "as a part &)art 0) of an L1/L2 control channel as described later.

The mAkirRaRerdimBEY of Mtftiples@esisers L rrtlichted tHe Miiberof sers” -4
that carsbeanutiiplexedpwithin one 1 using bhelar mose tof FDM; ICDINE Andh s
TDM. The samemaximum number of multiplexed users may be specified

for uplink and downlink, or different numbers may be specified for uplink and
downlink. The resotifée biBEK cBHfilguratitiPifornfation Multiplexed  users

indicates the number of users that can be multiplexed
15 within one TTI using one or more of FDM, CDM, and TDM.
The same maximum number of multiplexed users may be
specified for uplink and downlink, or different numbers

may be specified for uplink and downlink.
The resource Dblock configuration information
20 indicates positions of resource blocks used in a cell on
the frequency and time axes. In this embodiment, two
types of frequency division multiplexing (FDM) schemes
are used: localized FDM and distributed FDM. In
localized FDM, a consecutive frequency band locally-
25 concentrated on the frequency axis is allocated
preferentially to each user having good channel
conditions. Localized FDM is suitable, for example, for
communications of users with low mobility and for high-
quality, high-volume data transmission. In distributed
30 FDM, a downlink signal 1is generated such that it
includes multiple intermittent frequency components
distributed across a wide frequency band. Distributed

FDM 1is suitable, for example, for communications of



20 indicates positions of resource blocks used in a cell on the frequency and
time axes. In this embodiment, two types of frequency division multiplexing
(FDM) schemes are used: localized FDM and distributed FDM. In localized
FDM, a consecutive frequency band Ioéglﬁ/‘ZS concentrated on the frequency
axis is allocated preferentially to each user having good channel conditions.
Localized FDM is suitable, for example, for communications of users with

low masifitysaridifor highsuahty; high:volome data ranseissiort:yansmission

distribyted s3(: kDM, i3 downlink sigpal is gengrated suehdhat it(ingledes thus,
multiplgrigt%rénnittent fI(e uenc comgggent Pisctgtc)gg?d across a vc\:/!)dneSecutive
frequency%and? Distributed FOM is suitab e,?or examp‘f‘e, for

commBrR@BNS Of P23 Users RithHighnbifg and for peEriRRhc irafsrhfssiath

ofssmallssize fata sHChAsiee packetsotY QYo Thus i Siequeney resodcese r
are aIIo%atggj as, onsftlacutive frequency band or discrete frequency

O e emes. . . . .
components to each 5 user according to allocation information based on

either of the FDM ¢ifemesPThe uppet halfof ERS -5B ffustidiéd aprates  an
exampie afilacalized FDWEdD thiseexample, when antesoweernp identifigteby a
a localjzes ﬁersgé‘rclesb'ofge%ocﬁ‘%ﬁné?ﬁr 14 iLcomresponds 1o physical resouice.
block 4. The lower half of FIG. 5B illustrates an example of distributed FDM.

Ih%his8%BRTHle, Whenld resotres R identitrodPby aldistibtRed réssuree Hidckd -
numbermd”, liveetrespontls tefleft halves Bf physicat reseurcesblocks@oard of

8. In the lawarhalf gf R, 5B rgach;, physical fesaurce plack is divided o

two. However, the numbering and the number of divisions of resource .
blocksiAdisttibtitet PEMPmMAY Safy fibhfEelffocgicce Plock number 747,

it corresponds to left halves of physical resource

15 blocks 2 and 8. In the lower half of FIG. 5B, each
physical resource block is divided into two. However,
the numbering and the number of divisions of resource
blocks in distributed FDM may vary from cell to cell.
For this reason, the resource Dblock configuration

20 information 1s reported wvia a Dbroadcast channel to
communication terminals in each cell.

The MIMO scheme information is reported if the
base station 1is equipped with multiple antennas and
indicates whether single-user multi-input multi-output

25 (SU-MIMO) or multi-user MIMO (MU-MIMO) is wused. In SU-
MIMO, a base station with multiple antennas communicates
with one communication terminal with multiple antennas.
Meanwhile, in MU-MIMO, a base station with multiple
antennas communicates with plural communication

30 terminals.

In downlink MU-MIMO, a signal for a user
device UEp 1is transmitted from one or more antennas

(e.g., a first antenna of two antennas) of the Dbase



For this reason, the resource block configuration 20 information is reported

via a broadcast channel to communication terminals in each cell. The MIMO
scheme information is reported if the base station is equipped with multiple
antennas and indicates whether single?3§ér multi-input multi-output 25
(SU-MIMO) or multi-user MIMO (MU-MIMO) is used. In SU- MIMO, a base
station with multiple antennas communicates with one communication
terminaFwithanultiplé antermas) aMedrmwhile ninthIe-MIVIOT a Base stati®fiz 15

with muitinlerantesnas-commypicatesinith pluraheemmunicatins30e.q., a
termingl, 9, Jownlink MUMIMO, a signal for user Jevige UBASS ooopson
transmlﬁea?rom one or more antennas ?e.g., aﬁr t antenna ot two

antenrids) 6T the balde 24V Srationsarid a lsigiiaforansther 48Ef deviee:UEB! 2
isstransipitied fromother-ene or mase antennas (exg., & seeend antenNnaofthe
the twg antenpas) of the base station. _In_uplink MU-MI a signal from a

et e R N 5 e B et Ot e resBaP™
at the Sfhé titne ByPRulfipletamefnasSerthe BEsE Statién € Sighals frofmpLe,
mulpiplei@wrf@ej&@e&arg,ﬁgr exarf\@_i%ndistingmi;;ﬂi@dsiay eea‘g&eﬁc@dsigﬂals the
assigned 1o the, (espectiye User devices, As,fhe referepce sianals, GAZAG, ;5.
10 code sequences are preferajb y used. CAZAC coge sequences become

dithogoRaPtoeESLIT BRTET vieh IPRTFARS genetated frémitheiifie SRGUBAEES
as longasatifferenttayelicrshift amounris@are applied. Theeefore, orthogonal are

sequepees cap he easily geperated by using GAZAG £ode  SeqUencas:cc ot
(Dedicated L3 Slgnahng Channel) The dedicated L3 signaling channel is also
cyclic shift amounts are applied. Therefore, orthogonal

sequences can be easily generated by using CAZAC code

15 sequences.

(Dedicated L3 Signaling Channel)
The dedicated L3 signaling channel 1is also
used to report information that <changes at long
20 intervals, for example, at an interval of 1000 ms, to
communication terminals. While the broadcast channel is
sent to all communication terminals in a <cell, the
dedicated L3 signaling channel is sent only to specific
communication terminals. The dedicated L3 signaling
25 channel includes information on a type of FDM and
persistent scheduling information. The dedicated L3
signaling channel may be categorized as a specific
control channel.
The type of FDM indicates either localized FDM
30 or distributed FDM 1is wused for each of selected
communication terminals.
The persistent scheduling information is

reported when persistent scheduling 1is performed and



used to report information that changes at long 20 intervals, for example, at
an interval of 1000 ms, to communication terminals. While the broadcast
channel is sent to all communication terminals in a cell, the dedicated L3
signaling channel is sent only to specifiézéémmunication terminals. The
dedicated L3 signaling 25 channel includes information on a type of FDM and
persistent scheduling information. The dedicated L3 signaling channel may

be categdriized as atspevific contiol Ehamadls THedyFe 6PFDM: indicateshemes

either localizecbkhbM 3001 distributed HDM is usedifor each of selacted data

commugicatioT termi(yals. The Bersﬁiﬁter}sched Iinqlinf rmation is reported
cnanne n esource OCKS @) e. cd. . .

when pers&entss@hedtﬁmg IS performe and 2255 indicates transmission

formats (data modulation schemes and channel coding rates) of uplink or

dawnlinkidata chanrnels angkraseuyce blocks to be used. 5 (L1/L2 Control
Channel) The L1/L 1({é)ntro]k(I‘?ilanel r(paf( incIine i@lformaiion fIcT)lguplink da&aﬁde

L . . COptr . nne . C
transmission in addition to information for d%wnlln% (?ata transmlsysmn. ihe

L1/L2 icoftidtehanhefimay farhekingRieR informatiohie 10 {parfidLtion to
indicating thentransmission formatiafithe biA2 eoniralchanned Informeation/ 1.2
for dowgiink data &'&%’%%’QELSS'%'A9’a¥P&%‘8§S'f'§9c'950c}83”1%'f%%r 28480d 5 ¢
part 2b. Part 1 and part 2a are categorized as general control channels an

part 2 Fidy-bd katégbrisdas a 15 speeffitdottothanial (Part G Part’ L2

informatian {hereafiet simply. calleth fpand) ircludesa transmissioniormat ta
(a'noqwgﬂg%ission may be classified into part 1, part 2a, and
part 2b. Part 1 and part 2a are categorized as general
control channels and part 2b may be categorized as a

15 specific control channel.

(Part 0)

Part 0 information (hereafter simply called

“part 0”) includes a transmission format (a modulation
20 scheme, a channel coding rate, and the number of

multiplexed users or a total number of control bits) of

the L1/L2 control channel. If the transmission format of

the L1/L2 control channel 1is reported by a broadcast

channel, part 0 includes the number of multiplexed users
25 (or a total number of control bits).

The number of symbols necessary for the L1/L2
control channel varies depending on the number of
multiplexed users and the reception quality of the users
to be multiplexed. Typically, as shown in the left side

30 of FIG. 5C, a fairly 1large number of symbols are
reserved for the L1/L2 control channel. The number of
symbols may be changed and reported by the transmission

format of the L1/L2 control channel, which is reported



20 scheme, a channel coding rate, and the number of multiplexed users or a
total number of control bits) of the L1/L2 control channel. If the transmission
format of the L1/L2 control channel is reé)orted by a broadcast channel, part

0 includes the number of multiplexed us & 25 (or a total number of control
bits). The number of symbols necessary for the L1/L2 control channel varies
depending on the number of multiplexed users and the reception quality of

the useis? td-hbe nultipléxedt Tydiealnt las showreinathe left sitle 30of FIGsrval
Sr?’ a fﬁ’rﬁ')’#@é@% ngmmr @k sst/)mlbcgls .arﬁh@sel&\m fﬁ)ﬁrgl% kllé-gdqgmﬂl?iplexed
channel. The number of symbols m e changed and reporte t
ansriSSion, AL O e LU 2 B chanal Whidh fosporieb oe2bial
the brédddast eranell forexantple, &t aprinferniiadflatout 1060 A& (11g) . the
Wihen thenumberef mudtiplexed users isismall, the numbes efsymbelsnt  of
necessary for the L1/L2 coQtrIQI cgggnel become% s]moalle{ﬁes gﬂ) r&in the 5

. r O CeS S, COn O reseryve r . control
right side of FIG. 5C. Here, |f1a1]1arge mount of resources is con muousﬁy

reservelldoF e L1H2 cotitrol eREAREPACAT envitoRhfent Where thetifiber ot
of muﬂipi&mﬂu_sezs and ¢he reception gualitycefdpei pultiplexedwserst the
Cha”%%ﬁéh;?{te@é%{vad A largg, 10 part of the resources may, pe wasted, o
To reduce the waste of resources for the L1/L? control channel, part O (a

rodulBfier sehertes aF&rantielecoding rafe, Srid- e number of multiplexed
users or a total number eficontrohkits)anay befinckigedrndbe dbrl Th2 1.1/1.2

control.ghannel- RePOHing the modylation scheme. And the,channel.coding, .,
rate by part O of the L1/L2 control channel makes Esf%?smle to change the

modulafier $8hemeandahe chafinel'dbafiy rafe dtsHorferexed users or a

total number of control bits) may be included in the
15 L1/L2 control channel. Reporting the modulation scheme
and the channel coding rate by part 0 of the L1/L2
control channel makes it possible to change the
modulation scheme and the channel coding rate at shorter
intervals compared with a case where they are reported
20 by the broadcast channel. When the number of symbols
occupied by the L1/L2 control channel in one subframe is
selected from preset options, the transmission format
can be identified by determining which one of the
options 1s selected. For example, when four types of
25 transmission formats are provided as described later,

the part 0 information may be represented by two bits.

(Part 1)
Part 1 includes a paging indicator (PI). Each
30 communication terminal can determine whether it is being
paged by demodulating the paging indicator. More
specifically, each communication terminal determines

whether a group number assigned to the communication



intervals compared with a case where they are reported 20 by the broadcast
channel. When the number of symbols occupied by the L1/L2 control

channel in one subframe is selected from preset options, the transmission
format can be identified by determining‘@v?ﬂch one of the options is selected.
For example, when four types of 25 transmission formats are provided as
described later, the part O information may be represented by two bits. (Part
1) Part¢1iRélndés aigaginyrmeicator (P1). Ebkh 30 eomirdunicatbrreeraiinaland

can determine whetheg itis, heing paged by depaegulatingthe PRGN number
indicator. Moresésggcifi&;glléy, each commfnilcggg@ltgrnrgml dﬁtegvrq]ie%es

1s pre . ositiona n,.the PIT
whether a Broup number asﬁgneﬁo the communication 227> terminal is

preserit’if thé paginy inticatorand cdémpdarites algadgingthamrel (PEH) Then,
the greuR numbamis prasaentn The pesitional relationshimbetweghndbedsH and s
the PGH i3 known 1o the communication terminal. Thep, 5 the communication,
terminal determines whether its identification information (%.g., the pLhone

numbér st theBBmtiication terminaRlis pleseREMSHRPCH ahdcth8fdbyand
determinesavhether thereris anineening calrEhe £1anay bedransmittert (1)

using parts of 10 the L1/L.2 crgggtfrok%ha.tnpae*gq%ttatrg Qdegigatqlldsfor{gh% Plar ¢

(ézlé using non-dedicated information units in the L1/L2 control channel. FIG.
illustrate’s'd Eds€ Where a pagingeihdiditor i8 trarfsriited Ecofdifg t5the !
methodd{1).(ln) theexampleoshaewid it F6d50, ane-sukframe includes an  the

predetg[%@e%gnggf (8:9,,,1Q), of temporally- consecutive OFDM symbols

and the first three skymbols are assigned to common control information. Part
0 IG. 5D illustrates a case where a paging

indicator is transmitted according to the method (1). In

15 the example shown in FIG. 5D, one subframe includes a

predetermined number (e.g., 10) of temporally-

consecutive OFDM symbols and the first three symbols are

assigned to common control information. Part 0

information and a paging indicator are mapped to

20 frequency bands around the center frequency of the

system frequency band according to distributed FDM. To

other parts of the first three symbols, downlink (DL)

control information and uplink (UL) control information

are mapped according to distributed FDM. A paging

25 channel (PCH) is time-division-multiplexed with the

above control information. In this method, dedicated

frequency bands are provided at regular or irregular
intervals for the paging indicator.

In the method (2), the L1/L2 control channel

30 includes multiple information units with a predetermined

size. The number of information units is limited to the

maximum number specified by broadcast information. Each

of the information wunits normally contains control



information and a paging indicator are mapped to 20 frequency bands around
the center frequency of the system frequency band according to distributed
FDM. To other parts of the first three symbols, downlink (DL) control
information and uplink (UL) control infofation are mapped according to
distributed FDM. A paging 25 channel (PCH) is time-division-multiplexed with
the above control information. In this method, dedicated frequency bands

are pravidedma regolarforirregulat linterodls fordthe pagihgandicstbr. isthaiser

methodd{2)ttheild/k 2 gontrok ehaymel £ 38 includes:multiple infarmationedpits-ce

with a gﬁ%%tae rﬂi)rgledi sge. The. numb%1 oftiEf.ormatigH uopits <i)s Iimi(g%d ;[nooij:fhee of

. nrormation. .this e
maximum number speci |ecfn€y broddcast information. Eath “of the

informafién units MeraTaHg TontEiAS Tontr6P-282 fféeMation for a SélkcterpIing
user devicesuchrasauser dgentificatien information (UbrHa)-aad sesourceother

allocation gﬁorm tion. In this megqod one or more of the in(f:prm.a,é['on Lénits .
words,, the pagin .18 lcdtor 1Is transmitfed wilithou uﬁlng
are assigned to the &gﬁng indicator at regular or irregular intervals. In other

words Sfélsaging indieatis transmitted Without €3ify dethcaBaTesodrcests
In thiscases Bawever pit isppecessaly 40 approptately distingiishiaiformation
informafion unit:caniaining,the paging jodicator romoiharcld infprmation, o,
units containing control information for user devices. For this purpose, for

examplé, fdéntiicationihfdriatioi (PIID) thigGes the p Gfdicatdr for
may bedsed. Inithis case, theeBEID isreporteddemses devicesy for examples,

by broadeast, Abinfarmation The respgctiveriniormation yitsmay pave the
same numper of bits or different numbers of bits, For
indicator may be wused. In this case, the PI-ID is
reported to user devices, for example, by broadcast
15 information.

The respective information units may have the
same number of bits or different numbers of bits. For
example, when the MCS is variable and determined for
each user in the common control information as described

20 later (when the MCS for the L1/L2 control channel is
adjusted for each wuser), the number of bits of an
information unit may vary depending on the MCS level.

FIG. 5E illustrates a case where information
units are assigned to a paging indicator at regular or

25 irregular intervals. When the wuser device decodes an
information unit and detects a PI-ID, the user device
processes the information unit as a paging indicator
(the user device determines whether a group ID assigned
to itself is present in the information unit and checks

30 the PCH if the group ID is present). A paging indicator
is preferably contained in the first information unit so
that user devices can quickly determine whether incoming

calls for them are present.



example, when the MCS is variable and determined for each user in the
common control information as described 20 later (when the MCS for the
L1/L2 control channel is adjusted for each user), the number of bits of an
information unit may vary depending orf € MCS level. FIG. 5E illustrates a
case where information units are assigned to a paging indicator at regular or
25 irregular intervals. When the user device decodes an information unit and
detects a PI-ID, the user device processes the information unit as a paging
indicatpp s(the user device determines whether a group ID assigned to itself
is present in the infgramgtion lénit and.chel%kg 30 the PCH if the gro%[HD is

present). A paging indicator |saprefe%erf1§|y contained In the first informafﬁ%%tlon

unit so- diaruseridavicés cardgiiicki detetriine whethe? ifcomaiy édlisofer ted

them arerferesent +-29- Rartaydarh2aincludes resource allocation
information for downlink data channels, anﬁllocaged 5 timed%en th, and
e res . a ocatlion 1in OC\)NI’] 1

. . ourgce a n for
MIMO information. The resource aﬁocatlon information for |n{f< gata

channéR'idénfifies ré3barce BIGERS tontairifig doifiink daes eraffiels Ecks
the identificatiomef resousee blagks, vadaus methadsy sech 10 as eitmapthe

schemgand adree prmbering sehgme kagwnyn the releyant fechnical f!e%?lch
may be used. ijle allocated time length indicates a period of time for which™
ddwnlitk dat&® tHarReR A Fargmitted” CORtRUBHS The T€86tte <novn in

allocatiore CﬁBM@hﬁlﬂgﬁﬂ:BﬁiﬁEéﬂ]UéﬁﬂMaS@/ﬁr}ba— Txh.slel_ciwever, to reduce
the overhead, data,ghannels, may he yapsmitted according (o the same, . 5 o4

resource allocation for plural TTls.
of time for which downlink data channels are transmitted

continuously. The resource allocation can be changed as

15 frequently as every TTI. However, to reduce the overhead,
data channels may be transmitted according to the same
resource allocation for plural TTIs.

The MIMO information is reported when a MIMO
scheme 1is wused for communications and indicates, for

20 example, the number of antennas and the number of
streams. The number of streams may also be called the
number of information sequences. In the descriptions
below, it is assumed that both of the number of antennas
and the number of streams are “four”. However, the

25 number of antennas and the number of streams may take
any appropriate value.

Although it is not essential, the whole or a
part of 16-bit user identification information may also
be included in part 2a.

30
(Part 2b)

Part 2b includes precoding information for a

MIMO scheme, a transmission format of a downlink data



The MIMO information is reported when a MIMO scheme is used for
communications and indicates, for 20 example, the number of antennas and
the number of streams. The number of streams may also be called the
number of information sequences. In th‘e38éscriptions below, it is assumed
that both of the number of antennas and the number of streams are "four".
However, the 25 number of antennas and the number of streams may take
any apprepriate valueyRithdughatisorettéssentictthetwholesaiug spart of HARQ)
16-bit useridentifisation information fmanalsope included in part 2a. :30
(Part 2b) Part 2b in gjdes Egeccod(:%jn%infiorgoartiogtf% a (I)héloa'lscw%, A e
transmission format of a Gownfink data ~30° cﬁannelr,1 hybrid automatic repeat
request{MARGY sinforimatibh 1 aAd CRT irfféfmatiire Thcpreésding espective
informatieadeea MIMO-schemea indisatesweightingi fastoesrappligld@ication
respective_5.antennas. Directignal characteristics.of communication signals
can beségﬁjaé%esd b(f/aa{ldjugt?ng %hg blvse%lghc{inzbyfac?o%%S?Celc%%in%%%ctow@?%l tjgé 9
applied 36 tespectivecanteritasy At v fFacehfing endRasértérmmal; ehafhér e
estimationdspreferably pesformediacoosdisgdo the k0 diseetional ), channel
charactepsyics. FIG. SFis %9&%‘@@%&'%”?%@%&%%%9 whete Rreceding,  pe
vectors WA and1W8 are determined such that streams 1 and 2 %a code wor
H%f fOUrstreds are Chitéctetitb s iséPdevice A (UEA) and streams 3 and

4 (a 15 code word 2)rof.therfout steamswaregditacted t@ @a-usey devieedB where

(UEB)préE%fgﬁrgjce&Mgtr@ﬁsngggd i\ﬁga are determined such that

streams 1 and 2 (a code word 1) of four streams are

e

directed to a user device A (UEa) and streams 3 and 4 (a

15 code word 2) of the four streams are directed to a user

device B (UEg). A reference signal is transmitted in a

non-directional manner. The precoding vectors Wa and Wg

are reported to corresponding user devices A and B. The

user device A receives the reference signal taking into

20 account the weighting factor indicated by the precoding

vector Wp or applies the weighting factor to the

reference signal after it is received. This

configuration enables the user device A to appropriately

perform channel estimation for a signal directed to

25 itself. Similarly, the user device B receives the

reference signal taking into account the weighting

factor indicated by the precoding vector Wz or applies

the weighting factor to the reference signal after it is

received. This configuration enables the user device B

30 to appropriately perform channel estimation for a signal
directed to itself.

The transmission format of a downlink data

channel 1is specified by a data modulation scheme and a



non-directional manner. The precoding vectors WA and WB are reported to
corresponding user devices A and B. The user device A receives the
reference signal taking into 20 account the weighting factor indicated by the
precoding vector WA or applies the WeTal]Iﬁng factor to the reference signal
after it is received. This configuration enables the user device A to
appropriately perform channel estimation for a signal directed to 25 itself.
SimilaA}athecdserdtvice Bateeivesihe referepce signab@akiag tbsacesnnte

the weighting factekingicated by the preceding vector Wi anapplies, the-heme
Weightirrll%lwfaé:t%r to the reference sié]apﬁelall after it is _received Thiﬁ csoinzfié;urrnatior]Oe

f : 1
enablés the useartd%vfclezg 30t oeapproprlgﬁe%f pgﬁ‘oram hannelestimation for

a signaPeireetst toitdelh T HeftrahsmiBsion fornfrbfodéwhnk Hata example,

chiannehis specified by actatadnedulation scherag anska t3k eharmnel cosling

rate. Since a channgl codf'ln rate can Qe uniguely determined basedg on
S 1 au

. £ t N 8ar
data modulation scheme a data S|zoenfa%hé%at§%$zeeaor arpea%}llga? S|z(e <)

may bélfepdtied tistead BTthE Ehannel tobG FdteOFor exafflesstie  for
transmissionfefinatmay bedeptesantedddy 8 hitsinTheaihybrichautareatic More

repeatequest (HARQ) infor m%ﬂg& i”gHE‘S%detO{ matqr, Qﬁﬁ%%%a%for rocess
retransmission control of downlink packets. More specifically, the HARQ
ilformatBRIAcludés AProRess 10Umber, redlfaaney version fofRatisn 2

indicatirg Re packetheambination scheme, ancha new data indicator indicating r

whether,g packel is a iew packetor 3 refransmigsion packet. For example, 4
the HARQ information may be represented by 6 bits. The CRC information is
repoﬂé&@ﬁﬁﬂ?&%@%ﬁ?n packet. For example, the HARQ information

may be represented by 6 bits.

15 The CRC information is reported when a cyclic
redundancy check 1s employed for error detection and
indicates CRC detection Dbits convolved with user
identification information (UE-ID).

Information for uplink data transmission may

20 be classified into part 1 through part 4. Basically,
information for uplink data transmission 1is categorized
as a general control channel. However, for communication
terminals that are allocated resources for downlink data
channels, the information for uplink data transmission

25 may be transmitted as specific control channels.

(Part 1)
Part 1 includes delivery confirmation
information for ©previous uplink data channels. The
30 delivery confirmation information indicates either
acknowledge (ACK) indicating that no error is detected
in a packet or a detected error is within an acceptable

range, or negative acknowledge (NACK) indicating an



redundancy check is employed for error detection and indicates CRC
detection bits convolved with user identification information (UE-ID).
Information for uplink data transmission may 20 be classified into part 1
through part 4. Basically, information fdﬁaplink data transmission is
categorized as a general control channel. However, for communication
terminals that are allocated resources for downlink data channels, the
information for eplinkdatatiransaission 223 may bedttansmittéd Escssetifien

contropghaanels. tRart eRartd-includes deliveryconfirmation intosmation pe
for pre%/ieours %glrilnck ga%a ch%%n%s. The 30 delivery confirmation information
indicates either ac?(nom}fec?ge ( &ZR) indicating that no error is detected in a
packet or a detected error is within an acceptable range, or negative
acknowtedge @YACK) indicating an -32- error out of the acceptable range is
detected in a packgt. The degvery cl%ncf'gmgtion infq_,rergatLilon may be

5 €110cats
represented by one bit. 5 (Part 2) Part 2 includes resource allocation "

informafiéA 824 Fqturefndlinike datd EhafnelParid A thahsmisSioH fitmat, 2nd @
transmissinBrjoweinfarmation, anda &RE dsfosmationder therdphink data, and

channel 10, The [gsquree gliocalign information dentifies, rgsource blocks
usable for the transmission of the uplink éatalc annel. For the identification
dfresource blocks V&ridies MEtR6dS: StichPas abithid sBRéAR anda freéies

numberég selemeh knows inibeuetevamni techimical fielch araysbe asedoThethe
Uansnggygggogg@gﬁénggQﬂgd@%& the identification of resource
blocks, wvarious methods, such as a bitmap scheme and a
tree numbering scheme, known in the relevant technical
15 field may be used.
The transmission format of an uplink data
channel is specified by a data modulation scheme and a
channel coding rate. Since a channel coding rate can be
uniquely determined based on a data modulation scheme
20 and a data size, the data size or a payload size may be
reported instead of the channel coding rate. For example,
the transmission format may be represented by 8 bits.
The transmission power information indicates a
transmission power level to be used for the transmission
25 of an uplink data channel. According to an embodiment of
the present invention, an uplink pilot channel 1is
repeatedly transmitted from each communication terminal
to the base station at a comparatively short interval
Tref of, for example, about several milliseconds. A
30 transmission power level Pref of the wuplink pilot
channel is updated at an interval Tgpe, which is longer
than the interval Tref, based on transmission power

control information (TPC command) from the base station



channel is specified by a data modulation scheme and a channel coding

rate. Since a channel coding rate can be uniquely determined based on a
data modulation scheme 20 and a data size, the data size or a payload size
may be reported instead of the channeT%%Hing rate. For example, the
transmission format may be represented by 8 bits. The transmission power
information indicates a transmission power level to be used for the
transniission P826f aiuplinkdatarchanhel Aeeoiding 16 anlembetimert ofmes

the pregsentdavention; as ¢plink pilatrchappghisn repeatedlydransmitted fropr o

each communic tlonttermlnaltttoe@elp e ﬁétatlorh%tta compar tlvelé(ns_h%rtlink

intervaﬁrﬁ]e]f%lf,s &Ex%?ﬁlﬁrgfabout séveral mifiiseconds.' A 3G transmission
powerlidvélPresof v uplink pitdt thahineristipdated &t &h iAtervalFrPes ion

which jslenger: than the piterval d refbasad ontransniission peweseeoniFole r
information (TP% command) from glpe t%ase stE?tion -33- such that the
I vy T

ev.e e te e ase station to .the
transmlsglon power”lé%/el JIsl’ Pﬁecomes greater OrquS than ﬁwelﬁansmlssmn

power 16¢&15 8 previouBRiEfansmhited upfiiepilotchantied AnRplink LBE2ot
controtehamnrel is kansmittediwitdea iransaission 5 powee lesel obtainediby, a

addin i set power level A L1L2 report the base statjon.to the
transr%géé%%ggﬁéréﬁéve;;%g% of %é’]%%lin B&%%%%n%%. %ﬁ? Clﬁ:)ﬁ%k (Tatagkécond

dHannefissranstaited Wity al trAnsmissRPOEGWEr feveldbtaivedtby belllira to
secondHd offseh powes ievel Adata repevted byrithe base statiomtd ithe pilot
transmigsipnpowey;level Bref,of the aiplink pilt changeh The secppd offset, ,
power level Adata for a data channel is included in the transmission power

inform&fieh st part 2SThe St oSt powdr level AL1L2 TS foF &7 L2fL2 Pover
control clianneltis imclodeg értrapsmigsiorfirst offset power level Apirn:

15 for an L1/L2 control channel is included in transmission
power information of part 4 described later. The TPC
command for updating the transmission power level of the
pilot channel is also included in part 4.

The first offset power level Apj; may be

20 either a fixed wvalue or a variable. When the first
offset power level A, 1s a variable, it may Dbe
reported to the user device as broadcast information
(BCH) or layer 3 signaling information. The second
offset power level Agta may be reported to the wuser

25 device wvia an L1/L2 control signal. The first offset
power level Apir, may be increased or decreased according
to the amount of information in a control signal. Also,
the first offset power level Ap;r; may be determined
according to the reception quality of a control signal.

30 The second offset power level Agiara may be determined
according to the reception quality of a data signal. An
uplink data channel may  be transmitted with a

transmission power level that 1is less than the sum of



power information of part 4 described later. The TPC command for updating
the transmission power level of the pilot channel is also included in part 4.
The first offset power level AL1L2 may be 20 either a fixed value or a

variable. When the first offset power levef AL1L2 is a variable, it may be
reported to the user device as broadcast information (BCH) or layer 3
signaling information. The second offset power level Adata may be reported

to the tiser 25 devicessa an LAAW2 controlsignalsTthedfirsttdtfset ipbiver level ot

AL1LZ2-mayhe ingreasad-osdecieased acsorgingeto the,@mopnt of to comply
informatigrp1 in a control signal. Also thg first 8f.fset powerJEeveI AlalLZ ma
W1 S 1 in ato o, I ower

be detérmined aé:(:eo%ileng to the reerceopz%lon qualjmc/ o% ar%ontrol S|genalll.C§0 e

secon@ UHBeNpoiver |@Vel Rdata nmay befdetBrminedll hcesriing té fise serving
reseptiasn quality ofa datarsignak Arvupliakngdiata channel may be transmitted
with a transmissior%ﬁgwgé@vel at is %ess th(fln th% SHET]CQE'?’

o 1? ormafion. Is r ﬁ f?é%ea 8yclic
transmission power level Pref of the uplink pilot channel and the secon

offset pEAeR fevEr Adatzee complySRith Feuéstovetioad inficaorify and
reduce pewes teensugrtion ek is sent frama cellcaresinddhe seiving “,user

cell of he communication terminal. The, CR( infgymatign is reé?s%g%dsyhg%%al
cyclic redunéancy check i1s employed for error detection and indicates CRC
détectibirhits: ¢arvolvediwith TRt Fielentifitafio s nforfrfatich (UEDE)M|n AcCcess
responsessigaal 1@Aidawnlink Lih2ceontml channel) fe.arapdeamadeessay be
channgl(EACH), agandem ID of the RACH preamble may be used as a
UE-ID. (Part 3) 15 Part 3 includes transmission timing control

(Part 3)

15 Part 3 includes transmission timing control
bits for uplink signals. The transmission timing control
bits are used to synchronize communication terminals in
a cell. The transmission timing control bits may be
reported as specific control information when resource

20 blocks are allocated to a downlink data channel or may

be reported as general control information.

(Part 4)
Part 4 includes transmission power information
25 indicating a transmission power level of a communication
terminal. Specifically, the transmission power
information indicates a transmission power level to be
used by a communication terminal, which is not allocated
resources for uplink data channel transmission, to
30 transmit an uplink control channel to report a downlink
CQI. The offset power level Apr; and the TPC command
described above are included in part 4.

FIG. 4B, like FIG. 4A, shows signal processing



bits for uplink signals. The transmission timing control bits are used to
synchronize communication terminals in a cell. The transmission timing
control bits may be reported as specific control information when resource

20 blocks are allocated to a downlink datx’channel or may be reported as
general control information. (Part 4) Part 4 includes transmission power
information 25 indicating a transmission power level of a communication
terminabrSsevificallyt the fraAsmission pewer Linfdrmaticn inthcateés @i fferent

transmissigngpawerdgvektodie wsedhy acommunicatiomterminalnwhichhisa re

not aIIoc%tgg é(asougcnes lg%rGuplin%datghcehangel traPs%]eisrsiorg, to r%?m rar}ssmitare
an uplﬁﬁ( corﬁjtro channel fo report’a downlifik Irt%QI. The offset power fevel

AL1L29&Rd! thE TP C EtpamamEs descrissPabeve are-incltidedsn part 2L FIG A -
4B, like A Gs 44 ShowsssighRakprecessing aa- eemponentsdor ane frequeney s

block. FIG 485 difgrent, fom FIG, 4Ain thatexamples of coniiol . 1.k

information are prowdgede.t Tn FIGY Hﬁfithe same_reférence num%.ers are use
for corApoRERTSECOIie3pandifg £6 fifsse SR 422 Bl'NloE&tEH re3burceCther
block mapping'dn G AB indigatesgthatichannets are mappedtaoneny are
more resutce blocks allacated g 2,selected commynisation ermingl. ither
resource block mapping” indicates that ¢ annels are mapped to resource

Bi8ckshiAthe Enfife freGuéndy-BloeR 6 ParCd i iife LA 2t Gt chaffefid @
transnytied asla general contsal-channel ngingthecentiredretenoyrhlocklock.

Informafiep regatding yplink daia,transmission (part 1, throhgb 4)dn the L14L2,

control channel is transmitted as a specific control channel using resources
allocateld f619% ddwnlink ddta chanhel iFav4itble 6P aRSmitlet “ransmitted

as a specific control channel using resources allocated

15 for a downlink data channel if available or transmitted

as a general control channel using the entire frequency

block 1f no resource is allocated for a downlink data
channel.

FIG. 7A 1is a drawing illustrating exemplary

20 mapping of data channels and control channels. This

example shows mapping within one frequency block and one

subframe and roughly corresponds to an output from the

first multiplexing unit 1-x (except that channels such

as a pilot channel are multiplexed by the third

25 multiplexing unit 38). One subframe may correspond to

one transmission time interval (TTI) or to multiple TTIs.

In this example, a frequency block includes seven

resource blocks RB1 through RB7. The seven resource

blocks are allocated to terminals with good channel

30 conditions by the frequency scheduling unit 32 shown in
FIG. 3A.

Normally, a general control channel, a pilot

channel, and data channels are time-division-multiplexed.



as a general control channel using the entire frequency block if no resource

is allocated for a downlink data channel. FIG. 7A is a drawing illustrating
exemplary 20 mapping of data channels and control channels. This example
shows mapping within one frequency blotk and one subframe and roughly
corresponds to an output from the first multiplexing unit 1-x (except that
channels such as a pilot channel are multiplexed by the third 25 multiplexing
unit 38)hOngeslifedmes mayredrresheondad ohenranshissionairhe inteival the

(TTI) artempultiple, TT1$1 In this &xasple, afrequengyelack ingudesseyences
resource Iocl%s B1 through RB7. The seven resource blqcks are allocated

o eI e T E! B oRGImere by re Ferel S heatiing L™
32 shoiwr #F FIGSANGAdallYS argerredrar Eentrelchanriel s pilbt eh@nnekoss

and data chaguelsaredinerdivisipndaudltiplexed~36- The genesalicondngd . 1n
channel _(including part 0 in the_ L 1/L2 cantrol channel) is mapped.to
oo St S ettt gt e S

generdiconitfl EhahRelisHistibutdd aERSS Sa%réifdéﬁi%y%%{ﬁé@ém%ééaels
of SGV&_@)EQSQMTEEdNO@b&deHﬁ. Zén the generalontiol channel fifi@l:y_@&m@y—
part 9_&5‘&5‘%iHTlAE%&9Q[[r§l8Q%BUe') And °E£‘§£é39n”é)+8 %8?“%&%‘%!89@9 may
specific control channels) are frequency- division-multiplexed. The other

cdhtrolBRAMAEIs Phay IHFinERItE & 'SYAChroRfatioh chanRBI (Sték distinkfibn ©F
of channels éslpotiessentiakios the prasent inventiop sk @rsyncheonizatiornd

hornf IS L S el et el
control channel). Part 0 in the L1/L2 céntrol channel is
preferably mapped to the first OFDM symbol to reduce
15 delay time. In the example shown in FIG. 7A, the general
control channel and the other control channels are
frequency-division-multiplexed such that each of the
channels 1s mapped to multiple frequency components
arranged at intervals. Such a multiplexing scheme 1is
20 called distributed frequency division multiplexing (FDM) .
Distributed FDM is preferable to achieve frequency
diversity gain. The frequency components allocated to
the respective channels may be arranged at the same
intervals or at different intervals. In either case, it
25 is necessary to distribute the general control channel
across all resource Dblocks (in this embodiment, the
entire frequency block). CDM may also be wused as an
additional multiplexing scheme to cope with the increase
in the number of multiplexed wusers. CDM makes it
30 possible to further increase the frequency diversity
gain. On the other hand, however, CDM may disrupt the
orthogonality and reduce the reception quality.

In the example, the pilot channel 1is also



delay time. In the example shown in FIG. 7A, the general control channel
and the other control channels are frequency-division-multiplexed such that
each of the channels is mapped to multiple frequency components arranged

at intervals. Such a multiplexing scheme i$20 called distributed frequency
division multiplexing (FDM). Distributed FDM is preferable to achieve
frequency diversity gain. The frequency components allocated to the
respectivecsithniiels Agabe arrangedae tve samé lintervalstecat diffsreat the
intervads.tln@ither ease.it 25 isineaessatydp distribute the-genekakeantroko 2
(:hannvequ‘:%crof';rsealhrensé)urcreagloecks(;j1 gn é%ig enmblodirpﬁgt, tq% eintire frrg uency
block) . CDM ma§ also be Usedas@an additional’mu iplexing scheme to

cope With tR€ frictehse vin B famiberdfanoRiplexed tBefst TDM piakes it 3p1s

passible-teflyther inergasesthedrequency diversity gain. On the other hand,
however, COM may, disgypt the orthogonality apg feduce fhe regeplion g ¢,
quality. In the exampr?e, the pilot channel is also - 7- mapped to frequency
compdtiehts HistABGREY acrods e lentifé flequehtyBleek Mappmgi& piloRBS
channehto armsdedrequency tangel as-showsein FIG. ffcs) preferablerdgource

accurately periorm Ch%”'iel' £stimation for vatigs » frﬁf‘é&e)”.cy £OMBENENtS,c g
In FIG. 7A, resource blocks RB1, RB2, and RB4 are allocated to user 1
(UE1) Ae6tirce BRIk RBS,IRBS, HnPREG are alldcatéd to wker 2 (UEZ)nded

and resourcendblogk RBA1s akecated 10 uses3n@lE3) As dgsetibedcl0 abovepl
resource hlack allggation, information s ingl %%%1 inthe generaj contral; ¢
channel. A specific control channel for user 1 is mapped to the béginning of

resourc8116E RBP Afi6atdtfto user PCASpcifi®  user 1. A specific

control channel for user 2 is mapped to the beginning of
15 resource block RB3 allocated to user 2. A specific
control channel for user 3 is mapped to the beginning of
resource block RB7 allocated to user 3. Note that, in
FIG. 7A, the sizes of the portions occupied by the
respective specific control channels of users 1, 2, and
20 3 are not equal. This indicates that the amount of
information of the specific control channel may vary
depending on the user. The specific control channel 1is
mapped locally to resources within a resource Dblock
allocated to a data channel. In contrast with
25 distributed FDM where a channel is mapped to resources
distributed across multiple resource blocks, this
mapping scheme 1s called localized frequency division
multiplexing (FDM) .
FIG. 7B shows another exemplary mapping of
30 specific control channels. In FIG. 7A, the specific
control channel for user 1 (UEl) is mapped only to
resource block RBl1. In FIG. 7B, the specific control

channel for user 1 is mapped to resources discretely



control channel for user 2 is mapped to the beginning of resource block RB3
allocated to user 2. A specific control channel for user 3 is mapped to the
beginning of resource block RB7 allocated to user 3. Note that, in FIG. 7A,
the sizes of the portions occupied by the’ %éspective specific control channels
of users 1, 2, and 20 3 are not equal. This indicates that the amount of
information of the specific control channel may vary depending on the user.
The spEcific tbhtroFchaanekis ngpped fscaly toefesodiées withitya resduréd4

block allecated tgia data-channelJo-contrask with12% distdbuted RRMwherey
a chanpel [s mapped tojesoprces distribyted across mulliple resource .
blocks, this mapping scheme is caﬁeﬁjfoceﬁize?ir?requency Ivision

multipl€Xfrg (FDM).SRIED 7Bastiowds ardther exenfptary faipingefegp across
specifieconirol ehanpelss IRBIG. A& sthespecifies contral chanmnelfol Usesdent
(UE1) js mapped only to_resource, bl RB1. In FIG..7B, the specific control
e B R s Ir B o et ac e
resoureebléeies RBAT RBZadid RBA [&éross alisthe résdifce bidekslivision-
aIIocata@I.lteilgﬂeJ@cby distributed F%Jﬁkﬁspe@i&iﬁtcmﬂrolatwm@lfomsjer a
2 (UE@?lé%%l%OJQ%BP%%5%ﬁ%%ouéﬁe%d@é%br“t%%g%%ssm%E%%OE‘H%%@&O%’E% the
RB3, RB5, and RB6 in a manner different from that shown in FIG. 7A. The
Jpecifithcortrat EhanRér andfthe sharéd Bats chaAReroruser > 4fe allocated
time-didsion-hmultiptexed. Ahusramspeciicwcontol channeliandai sharegnd/or

data channel.of 8 usermay e muliplexed;in the 10 whole of a part otepe or,

more resource blocks allocated to the user by time division multiplexing
and/or? frégtiehey HivisiBt multiplexiity (6catz8a Fom grontrol  channel to

resources distributed across two or more resource blocks

15 makes it possible to achieve frequency diversity gain
also for the specific control channel and thereby to
improve the reception quality of the specific control
channel.

Exemplary formats of part 0 information in the

20 L1/L2 control channel are described below.

FIG. 7C shows exemplary formats of the L1/L2
control channel. In FIG. 7C, four exemplary formats of
the L1/L2 control channel are provided. The number of
symbols (or the number of multiplexed users) of the

25 L1/L2 control channel differs from format to format.
Information indicating which one of the four formats 1is
used 1s reported Dby the part 0 information. When a
modulation and coding scheme (MCS) reported by a
broadcast channel to communication terminals are used

30 for the L1/L2 control channel, the number of symbols
necessary for the L1/L2 control channel varies depending
on the number of multiplexed users and the MCS level. To

report the number of symbols, control bits (two bits in



distributed FDM) . Mapping a specific control channel to resources

distributed across two or more resource blocks makes it possible to achieve
frequency diversity gain also for the specific control channel and thereby to
improve the reception quality of the spe‘c?ﬁ’é control channel. Exemplary
formats of part O information in the 20 L1/L2 control channel are described
below. FIG. 7C shows exemplary formats of the L1/L2 control channel. In

FIG. 7€ $our’éxXeraprary formatsofathecb 1 20coriticl ehanhheharl pidvidéd./ 1.2

The nwpherof symbols (or the numberofdnultiplexed sisers)0f the 25 bd/L2re
control channel differs from f%rmabt to I%rggz%t. alafcg)q}natio&indicatilql%l\l/vhich

one oﬁﬁ%%ﬁ? ormats is" Used is reported Bnyt e part 0 information. Wﬁeaﬂ: a"

modulagéf-BhdllcodRPsefente (VICS) fepsortell ypa brdadtaseeRansel tdhat
cammunpicatiemirrminals akenused 30 forithe LiA 2 contoh channelnthene1l is
number.of symbol cessary for the L1/L2 control channel varies

depen Pribgf;] onrﬂt]heill:}??ibe%riéif mﬁ ti%le;élg %ﬁer%%%d t le% MC3 Ievee?.c‘Po Eeor;:cr)nr?t
the nufitdersoTsymisolst @ortrf bitsd(twai Bits 3n -39RFISL 7Y ae srbvided s 2
part O inferraatien of ¢heytd/L2- controbchasnek &or examplewhen contiot rol
bits 00_are repor s part 0 information, the.communication terminal
decodes the chttr%l %lts and eterﬁnes%at% t%e num er%p sym[glor%s of t eOf
L2 EBRf6I-ERshrielSs MB0. A FI16. 70 3RE HiPst tRPHIES bf 8ach Foridat- 7C-
correspoadede past,0 lamdra contrebckarnelwitls asvariahlerlgngthanne1 .

corresponds o the gegerahsonirol chiannel (part 1and e 22 for downlink).

Instead of 10 reporting the MCS via a broadcCast channel as in FIG. 7C, the
MCS rmay b repbriedia anli3 Sighafing cRaAReel in @ case where the

number of multiplexed users 1s reported for each MCS
15 using part 0. In a case where an appropriate MCS 1is
selected from predetermined MCSs according to the
reception quality of each communication terminal, the
number of symbols necessary for the L1/L2 control
channel varies depending on the reception quality of the
20 communication terminal. To identify the reception
quality, control bits (8 bits in FIG. 7D) are provided
as part 0 information of the L1/L2 control channel. In
FIG. 7D, it 1is assumed that four types of MCSs are
provided and the maximum number of multiplexed users 1is
25 three. The number of multiplexed users 0 to 3 can be
represented by two bits (00=0 wuser, 01=1 wuser, 10=2
users, and 11=3 users). In this case, since two bits are
necessary for each MCS, a total of 8 bits are necessary
for part 0. For example, when control bits 01100001 are
30 reported as part 0 information, each communication
terminal determines control information (e.g., part 2a
for downlink) corresponding to 1its reception quality

based on the control bits. In the example shown in FIG.



FIG. 7D is a drawing illustrating an exemplary format of the L1/L2 control
channel in a case where the number of multiplexed users is reported for

each MCS using part 0. In a case where an appropriate MCS is selected

from predetermined MCSs according to the reception quality of each
communication terminal, the number of symbols necessary for the L1/L2
control channel varies depending on the reception quality of the 20
commuRicafidn t€fHihal. e itertify thelkesceptioh Quality Eontdl bits(Sbits 2.

in FIGo7Dhate provided as\part Qdnfesmatien ohthe L L2 contel chanaetion
In FIG.J[},.iIEis assumed thatefgukr)?pfes of IYICS are Prgvidted qfnd the

maximurm nbanérSoferﬁﬁﬁi%fesxed tders s 25 thice.“The Aumber of "7 mrddtes

multipfex@d b5efs 0 td3 tahBe répresentads by BFEBIRE(D0-D'aser p1+gvels
user, 0=2 dusersiand 4 1=34is€$3), Inthiscage, sinee twoddtsaieresponding
necessary for each MCS, a total of.8 bits are necessary_ for part 0. For . .
exae WHEn SoRob B OTUD0L art ot oo seaek Dol pabigne™
each ¢8mmuriig&tion ifernfinar@eéR¥mingS cdritfol mfdrRation {e.g\v part2exed
for dowslinky correspendiag to itssreception qualtityo based onytha cartrol bdse 1
In the %g@gi%ggs)wn in FIG. -40- 7D, 01100001 indicates numbers of
multiplexed users 1, 2, 0, and 1. In other words, assuming that the reception
difality is expressed by fouFlevBR Gowesi o “PidthBP St Kighy 62106660
indicatestreceaptian: quality fevels:5 of lave, micdte;dawestz andihigh, andthree-

MCSs cotesponding; 1, the tegeptian, quality, levels are sglected (3 figher; o,

MCS level is selected and the number of multiplexed users increasés as the
recepticht GGalif}aBver thcrBasés) 190 Fis.Y7EShows exempiary fappiry'sfit

informatiohrmation bits (part 0) indicating transmission
15 formats of the L1/L2 control channel, and the mapping
patterns may be assigned to the respective sectors such
that those patterns do not overlap each other in the
frequency domain. Selecting different mapping patterns
for adjacent sectors (or cells) makes it possible to

20 achieve interference coordination.
FIG. 7F shows exemplary multiplexing schemes.
In the above example, various general control channels
are multiplexed Dby distributed FDM. However, any
appropriate multiplexing scheme such as code division
25 multiplexing (CDM) or time division multiplexing (TDM)
may be used. FIG. 7F (1) shows an example of distributed
FDM. In FIG. 7F (1), discrete frequency components
identified by numbers 1, 2, 3, and 4 are used to
properly orthogonalize user signals. Discrete frequency
30 components may be arranged at regular intervals as
exemplified or at irregular intervals. Also, different
arrangement rules may be used for adjacent cells to

randomize the interference when transmission power



bits (part 0) of the L1/L2 control channel in a three- sector configuration. In a
three-sector configuration, three mapping patterns may be provided to
transmit information bits (part 0) indicating transmission 15 formats of the
L1/L2 control channel, and the mapping4 atterns may be assigned to the
respective sectors such that those patterns do not overlap each other in the
frequency domain. Selecting different mapping patterns for adjacent sectors
(or cel®)madkes it posxilsiéasm20 achieve iMtErferéhce eoordirrdtioaxFIG12F of

showsexaemplacy sudtiplexingischemes; I[cthe) above examplervanoys codes
general cogltroHcha(ar]{](g,\ls4 ar%gnullltispelaxetdob diostreik%Lited F[%I\}{Ib H(g)V\é ver any
appropriate ‘mulfiplexing schéme 'stich as cade division 25 mul?lpféxmg

(CDMpéptimesdivis§iBN mitdtiftexing-(TPR)S Hdyebet@se@ T ERG F2F ¢y shonduce
ary exajnplerof-distributed HFRMe daFIGr 7€ . (1) rdiscrete Higpriensye xample of
Compodf]iesr%?filggggg.eq“w n n%pf%rst ’e2’n%im%ned 4g£eggfgfolg&oé)c?r!~¥sers is
orthogonalize user signals. Discrete requency%O componeﬁts may be

arrangedacregtiarinfervdls as3 bxefhiplified 't atifeyarRe interISIARDS are
differept yrangemeniyulestaayebe usad for adjacenicellsto randomizethel v

interfe e transmission -41- ol i for . ElG..7FE
showsggﬁqéigr%% el %)f%colizlgé(g ivfs%%\nﬁl%uﬁﬂplécﬁr%%(écéil\%l%%ggl%? 7F 231%%%2 2

1%, 3uaRE% dre dsetPtoPropey) drifdhoRalize i8er sigridls. EBRMFmakesien
possihta{o etfeciivety educe 5 othet celldaterfeience: #16&n 7s(3) rshpwigesan of

example of 1 disiribuied FOM wherg Ihe numbsr of mulfiplexed users is) threg, o

In FIG. 7F (3), discrete frequency components are redefined by numbers 1,
2, and"$td'property BRAGGOARIZ e User sifAak? fftherhEmB&i o maiplexedat

quality, but may increase the other cell interference if

15 transmission 1is performed at a cell edge. A hybrid
multiplexing scheme of CDM and FDM may also be used.

Meanwhile, for transmission of the part 0

information, both of the MCS (a combination of a

modulation scheme and a channel coding rate) and the

20 transmission power may be fixed, or only the MCS may be

fixed while the transmission power is varied. Also, the

same part 0 information may be used for all users in a

cell or the transmission format of the L1/L2 control

channel may be changed from user to user. For example, a

25 transmission format for wusers located near the Dbase

station may be optimized by appropriately changing the

part 0 information and a fixed transmission format may

be used for users located near the cell edge. In this

case, 1t 1s necessary to send information indicating

30 whether users belong to a cell edge group to the users

via, for example, a downlink L1/L2 control channel. For

a user not belonging to the «cell edge group, a

transmission format changed at intervals (e.g., every



10 users is less than the maximum number, the base station may be
configured to increase the transmission power of downlink control channels
as shown in FIG. 7F (4) . This method isEreferable to increase the received

signal quality, but may increase the othér’cell interference if transmission is

performed at a cell edge. A hybrid multiplexing scheme of CDM and FDM
may also be used. Meanwhile, for transmission of the part O information,
both of tHe MCS (accombivation of&empdulatidn seHemeanida channel for a

coding;kaie) and the, 30 {eanseussiampowee may hesfixed, oF oy thesMCS; xeq

may be fixed while the tansmission power is varied, Alsg, the same part0. )
information may beUsed Tor alt usérs i a cellor the fransmission format o

the L1AE esgéH ehannel may be changed from user to user. For example, a
25 transmission format forusess logateskaean the baseostationdnaybe 1.1/1.2
optimized by Appeopriately dhanging.the RAR A nfarmptionand a el ouan 4
transmission format may be used for users located néar the cell edge. In this
case, it BSAEEEsSAPY Yo $617d fSitnatiohtihtlitatifg 30 wHetRercGers DEWSHF LS
to a cellhedge @roupdo thesessovia, farcexample ra dowatinkd 1/ 2«cantrolFor

channgl, £or, a usernot belonging 1o;the cell gdge 9@9%”3 trapsmission,
format é%ange.d' at intervals (e.g., every -42- TTI) is reported by the part O
ihformatiRSanRd for°d userBrfongigtethe Gl edtergretp™® fixed for each

transnmssiondormatis u§ed1heose;;hd theol,1 12=cantral qurma)ti@rratﬁEiG. FGG.
shows-exemplary &@&%ﬂ%%thﬁab% gcqmtral,chapnel in a case wherg only |

users 1 through 4 located near the base station are in the cell. Numbers in
FIG. 78 céiréspsndoithe respéctive (dersuggr 4 tocated near the base

station and users 11 through 14 located at the cell edge
15 are in the cell. A predetermined transmission format is

used for wusers 11 through 14, and the transmission

format is not explicitly reported to users 11 through 14.

Meanwhile, a transmission format that is the same as the

predetermined transmission format is reported to users 1
20  through 4 by the part 0 information.

FIG. 7I illustrates an exemplary method of
multiplexing general control channels in a case where
multiple users are multiplexed. In this case, the L1/L2
control channel is mapped to resources within three OFDM

25 symbols in each subframe.

Subcarriers allocated to the L1/L2 control
channel constitute multiple control resource blocks. For
example, one control resource Dblock 1s composed of X
subcarriers (X is an integer greater than 0). X 1is set

30 at an optimum value according to, for example, the
system bandwidth. For the control resource blocks, FDM
or a hybrid of CDM and FDM is used as the multiplexing
scheme. When multiple OFDM symbols are used for the



example, "1" corresponds to user 1. In this case, a 10 transmission format is
reported, for example, for each TTI to users 1 through 4 by the part O
information. FIG. 7H shows exemplary mapping of the L1/L2 control channel
in a case where users 1 through 4 locaféPnear the base station and users

11 through 14 located at the cell edge are in the cell. A predetermined
transmission format is used for users 11 through 14, and the transmission
formatlis Het exglicithpleperedto useseEh thicudiy 24, Messmiwiike, lock is

transmisgipadormat that issthe sameasthe spradetermingd trangmissions the

format s eporfed lousersd 29 frpuah,4 by.the parl infarmation, 1 7L,
illustrates an exempfary method 6f multipfexingpgeneral control hannelsina

case VHeren fdultiple users are multiplexed. In this case, the L1/L2 control
chinnel is mappedz#Ao seseuices withindhreesOFPM -25 symbals ibeachy sk or
subirame, spbopiiers Allocalerlio Ing - 2eanttol dhpnnelconsttule,)
multiple control resource locks. For exa%pi[e, one control resource block is
composErFof RisuiScaifiers BRis-af iRtéget (feater than 0) . X is set 30 at an
optimum value accakeing tohtar examples thecsystem bandividthed=ortbe and

control,[eaoLrg b'QSK%’dER%gOV &bt of, GhM.and FRM s sed as ihg, o . o
multiplexing scheme. When multiple OFDM Csg:{mbo.s are used for the -43-
LD/L2 ebntrél charirieh Eath EoiitPol TeSodirte B ek is- ndppe ™l Sfithe 27

OFDMasyabbls. dihelrymber of the nconttol riesource blocks is reported via a

broadcast channel.5:A centrol.channel is datgsmodulated oy, QRSIK o 5 1 ¢
16QAM. When multiple coding rates (R1, R2, ..., Rn) are used, Rnis
Kﬂﬂ6$€ﬁﬁ§f59#¥lﬁﬁcordlng to an embodiment of the present

invention. The mobile terminal shown in FIG. 8A includes
15 a carrier frequency tuning unit 81, a filtering unit 82,
a cyclic prefix (CP) removing unit 83, a fast Fourier
transform unit (FFT) 84, a CQI measuring unit 85, a
broadcast channel (or paging channel) decoding unit 86,
a general control channel (part 0) decoding unit 87-0, a
20 general control channel decoding unit 87, a specific
control channel decoding unit 88, and a data channel
decoding unit 89.
The carrier frequency tuning unit 81
appropriately adjusts the center frequency of the
25 reception band so as to be able to receive a signal in a
frequency block allocated to the terminal.
The filtering wunit 82 filters the received
signal.
The cyclic prefix removing unit 83 removes
30 guard intervals from the received signal and thereby
extracts effective symbols from received symbols.
The fast Fourier transform unit (FFT) 84 fast-

Fourier-transforms information in the effective symbols



Even when uplink scheduling information and downlink scheduling

information have different numbers 10 of bits, control resource blocks with

the same size are used by employing rate matching. FIG. 8A is a partial

block diagram of a mobile terminal acc‘cﬁérng to an embodiment of the

present invention. The mobile terminal shown in FIG. 8A includes a carrier
frequency tuning unit 81, a filtering unit 82, a cyclic prefix (CP) removing unit
83, a fastiFganied traristernt umiti(FFIY8Y; soC Qi paeastiiryy bAit@Ha-
broadcast channel (erpaging chagnel).deeeding, it 868 @ genesahcirol the
channel (part 0).decoding unit 87-0, a 20 general control chann IlF:jecodin

e 87, epsnc Eitol LRanelJecodingriit BB B o cita chancel L ved
decodmiepinit 8% The E&RIEY fréqiency ithingemitSENEproptiately adjustsel
the centey freqguencyiafdhe r25 recgption hand $2:88 t@ betakle 1o receivea is

sianal in g. fregyency blocallogated 1o the ferminal, The fillering unit 82,,, .
filters the received S|gna?. e cycﬂlc prefix removing unit 83 removes~3

guard Ftenals fiaPa B fecdived sirfal BRIthefeby- extRtPaffecive tion.
symbols f_rom received syn@s&s&;‘é@ fasélEﬂuﬁ?@_I transformpupit {(EF Ty B4nnel)
fast- Fougggrapsioims infarmation i ine effective symbals -4dnander . ane
demodulates the information according to OFDM. The CQI measuring unit 85
heasdtes e rcceRar power Vet 674 pifot Ehafinellintheteeeivedsighal 9

and feedsha;:k the measurementasa channel 5 quality indicato_r (CQIl) to
the base station. The CQJig peasuredfor each resoyreq block igjthey. o g1 ng

frequency block
unit 87-0 decodes part 0 information in an L1/L2 control

channel. Part 0 indicates the transmission format of a
15 general control channel.

The general control channel decoding unit 87
decodes a general control channel in the received signal
and thereby extracts scheduling information. The
scheduling information includes information indicating

20  whether resource Dblocks are allocated to a shared data
channel for the terminal and 1if resource Dblocks are
allocated, also includes information indicating the
corresponding resource block numbers.

The specific control channel decoding unit 88

25 decodes a specific <control channel in the received
signal. The specific control channel includes a data
modulation scheme, a channel coding rate, and HARQ
information for the shared data channel.

The data channel decoding unit 89 decodes the

30 shared data channel in the received signal Dbased on
information extracted from the specific control channel.
The terminal may Dbe configured to report acknowledge

(ACK) or negative acknowledge (NACK) to the base station



and all measured CQIS are reported to the base station. The broadcast
channel (or paging channel) decoding unit 86 decodes a broadcast channel.
The 10 broadcast channel decoding unit 86 also decodes a paging channel
if it is included. The general control chariel (part 0) decoding unit 87-0
decodes part O information in an L1/L2 control channel. Part O indicates the
transmission format of a general control channel. The general control
channerdecsding uwit 87 edecoiesta généealadriteol channel in the received
Si?nal and thelregyp@@fta@% sezlaedlglktg lﬁlf@fm&thcﬁlr-] Tm&hﬁﬁéb@%m of the
information jnclydes information indicating 20 whether resqurce sa .
aIIocat%%%t%)iae s%aerlélaléléatg crg%%él o% th%ste% %?a? raleﬁlglglf rge%gﬁrcLeQIE éck%%arel "
allocatetr alseiaelndes inférmativhindicatingPties tbpresporrdinty resbirce In
bleck mumbersel,he specifie gastrol-elranneldecodirg ypi 88 25 degades aor
specific control cjgzsmnel in the regg:iryedt sigtnr%. The rs.lp%(iig'c': cggt.rol\%l]gnnel
A

. com nen correspon e . ocated
includes a data modulation gcheme?a Cc annefcoémg rate, and H

informafiéA Y6 the Sharetl datieRaARE. The'datal Ehanfél déeddifgiafit gdhat
decodes the 3@ sbaredndatacchannel inthe received signatbased@n blocks
information extragtedfromne speefic control goanngl, The. gw@a'gggi}?%ce
configured to report acknowledge (ACK) or negative acknowledge (NACK) to
the balé StatioA2BBPREESrding B the Tesultdrdecddihg EIG1 8B i<'alkB to
partial tieck:. diagramiefdhe mobile terminah HGe 8B s ¢lifterent from BKE. 8A s
in that gxamples;of control information are provided. In 5 FIG. 8B, the same

reference numbers are used for
FIG. 8C shows components related to a

receiving unit of the mobile terminal shown in FIG. 8A.

15 In this embodiment, it 1s assumed that the mobile
terminal performs antenna diversity reception using two
antennas, although this feature is not essential for the
present invention. Downlink signals received by the two
antennas are input to RF reception circuits 81 and 82.

20 Cyclic prefix removing units 83 remove guard intervals
(cyclic prefixes) from the signals, and fast Fourier
transform (FET) units 84 fast-Fourier-transform the
signals. Then, the signals are combined by an antenna
diversity combining unit. The combined signal 1is input

25 to the respective decoding units shown in FIG. 8A or to
a separating unit shown in FIG. 8B.

FIG. 9A 1is a flowchart showing an exemplary
process according to an embodiment of the present
invention. In the descriptions below, it is assumed that

30 a user carrying a mobile terminal UEl supporting a 10
MHz bandwidth has entered a cell or a sector using a 20
MHz Dbandwidth for communications. It 1is also assumed

that the minimum frequency band of the communication



components corresponding to those in FIG. 8A. "Allocated resource block
demapping” in FIG. 8B indicates that information mapped to one or more
resource blocks allocated to the terminal is extracted. "Other resource 10
block demapping" indicates that informafién mapped to resource blocks in

the entire frequency block is extracted. FIG. 8C shows components related

to a receiving unit of the mobile terminal shown in FIG. 8A. In this
embodikfertiit issassuiiied that thé encbile! ternfinaltserfdrnestaaterinaband is

diversity taceptionusing dwe amesnasalthoughethis feature ismot essentiadwn
for theiphr%%ecnt ilavention. Downlink signals received by the two antennas are
input to reception circuits 81 and 82. 20 Cyclic prefix removing units 83
remove guard intervals {&aic prefixes)fiém trergignals, didlfast Featieps @

transforay R L) units 84 fast-Fowsier-trapsivsadhe tsighals. Ehen, dbe signals s

are combined by an antenna_.diversity combining.unit. The combined signal

by S Sl st ot i e e S
separdtity Grie SRERAGN P& 8B: FIe. 90K £HeWehart showing ah-ed using

exemplary peeessaccordingiaaryernhedinantof the-prasent vinventione 20

the qeﬁﬁ’%pt‘BQﬁé’?'oﬂf‘H%‘S dpaiiie “‘%9 3 LIPS Ayl %‘i@f b, £terent
terminal UE1 supporting a 10 MHz bandwidth has entered a cell or a sector
dsing 820 Mz banbwidih Tor Eomffimications 1198 afstrassurfied "thiat theé o~

minimuseiieqeencyand of shesecemmumicationw4 6-ssystest isdohMidz and theg
entire system fregyengy band is, divided jnfo four frequency blacks 1 thrpugh,
4 as shown in FIG. 2. In step S11, the terminal UEL receives a
adjacent frequency blocks, i.e., frequency blocks 1 and
2, 2 and 3, or 3 and 4. The base station may allow the
15 user to use any one or a specific one of the
combinations. In this example, it is assumed that the
terminal UEl is allowed to use frequency blocks 2 and 3.
In step S12, the terminal UEl receives a
downlink pilot channel and measures the received signal
20 quality for respective frequency blocks 2 and 3. The
received signal quality is measured for each resource
block in the respective frequency Dblocks and all
measurements are reported as channel quality indicators
(CQIs) to the base station.
25 In step S21, the Dbase station performs
frequency scheduling for each frequency block based on
CQIs reported by the terminal UEl and other terminals.
In this example, a data channel for the terminal UEl is
transmitted wusing frequency blocks 2 and 3. This
30 information 1s being managed by the frequency block
allocation control unit 31 (see FIG. 3).
In step S22, the Dbase station generates a

control signaling channel for each frequency Dblock



5 broadcast channel from the base station and determines frequency blocks
that the terminal UEL1 is allowed to use. The broadcast channel is, for
example, transmitted using a 5 MHz band including the center frequency of
the 20 MHz band. This enables terminé@s‘upporting different 10 bandwidths
to easily receive the broadcast channel. For example, the base station

allows a user communicating with a 10 MHz bandwidth to use a combination
of twoaadjacéntfrequency Isloers\vile.nfrequentyBlockst and T2 aneP3,tarol
3 and 4: Jhebase statigndnay allow the: yises to use@ny opear @ speeifisnnel
one of }heng(])fm irg:%t;lonrséin (t:r}]lig exe )plehi is agsgrpfg that %{1% tegﬂg}gl els
UEL1 is dlfowed to usetfrequencynb ocks 2'and 35 step §f£ he termina )
UE1 receives a doWhlink Bt chahhel ahidnedsiies thied réceived SigRaFTROES
qualitycfer respectivedrequencydiackss2 and3. The:eecetrechsignal quality isne

measured for gach resource blocléint e resgective frquen blocks and-all
respective reﬁﬁfncy OCKS ﬁ.coEﬁln% %@ SC e%gllng
measurements are reported as channel quality indicators CE ) to the base

stationt PBORStepBR1, the base station performs frequency scheduling for
each frequency block basefd an CQkS eepoarted by thertarmisaklizdsand gnals
other terminals.. In this example, a data,chanpel for the terminal UE1 is
transmgltrte us?r?gt%reqﬂéncy ﬁ%ogcif(snzca%}md 3. T%%s 30aﬁrr]1§orm'ation is being
rhanaged by the frebfiengyBocke locatidf corfioldRit 31 (S8é FIESBFIMines
step 522 athenhase statipnrgenerates aoeantrol sigrnaling channel fer eackd on

frequency.block -4 7;-accarding to sehedylingiinformation, JThe, egntrel.¢ e ey

signaling channel includes a common control channel (general control
channBl AtPspedfi€ control channels.
In step S15, the terminal UEl separates the

15 common control channel from the control channel received
via frequency block 2, decodes the common control
channel, and thereby extracts scheduling information.
Similarly, the terminal UEl separates the common control
channel from the control channel received via frequency

20 block 3, decodes the common control channel, and thereby
extracts scheduling information. The scheduling
information of each of frequency blocks 2 and 3 includes
information indicating whether —resource Dblocks are
allocated to a shared data channel for the terminal UEl

25 and 1if resource Dblocks are allocated, also includes
information indicating the corresponding resource Dblock
numbers. If no resource block is allocated to any shared
data channel for the terminal UEl, the terminal UEl
returns to the standby mode and waits for the next

30 control channels. If resource Dblocks are allocated to
the shared data channel for the terminal UEl, the
terminal UE1l separates a specific control channel from

the received signal and decodes the specific control



In step 523, the base station transmits 5 control channels and shared data
channels of the respective frequency blocks according to the scheduling
information. In step 513, the terminal UE1 receives signals transmitted via
frequency blocks 2 and 3. 10 In step 514 &he terminal UE1 determines
transmission formats of common control channels based on parts O of

control channels received via frequency blocks 2 and 3. In step 515, the
terminah&E1eseparatesstier cofirhen cbitrol eharndliffomahetcontrol channel

channehreceived viaifreguepey black-2, degades, the commenmc¥iaing rate,
Cha“”%'n&“xfa&'@ rel%gé%%%tfo%‘:hﬁgr“"'@ﬁe'”‘% rmatl ”aa%é“”cﬁq” i terminal
UE1 separates the common contro channel from ! e control channel

received via frequehty Z0-BRockS3, /dectdés the EBATMOn cBhtroltteries, ande

therebynextractsiseheduling information:nkhe sebeduling wformationof @achn
of frequency blocks 2 and 3 inclu information indicating whether resourc

ook A et o o -
resourteloeRE™are alockted, afso fifthddes GRforntatioR SRAiEAtingthecwledge
correspaodingoresodice: biocka pumbers db o nesourcecblockds alleeated46ion

any Shaaé‘?b% ~Aatachannel for the terminal VEL, the ferminal YE L reums oy,
the standby mode and waits for the next 30 control channels. If resource
BiBcks2areVallotated té the’sHaeéd tata channel for the terminal UEL, the

terminal UE1 separates a specifierconteal channel flems the received:signal S1 4
and degodes the specific control -49- chapneldn step 516 THe $PECITIC o5 1 g
control channel includes a data modulation scheme, a channel coding rate,
an exemplary parallel reception process. In step S1, the
terminal UEl checks part 0 information in the common
15 control information. For example, the terminal UElL
checks the wvalue of two bits representing the part 0
information and determines which one of predefined
formats is selected for the L1/L2 control channel.
In step S2, the terminal UEl determines, for
20 example, the number of symbols of the L1/L2 control
channel in one subframe based on the determined format.
Here, it is assumed that maximum numbers of multiplexed
users Nypax and Nppax determined, respectively, for uplink
and downlink have been reported to the terminal by
25 Dbroadcast information. The terminal UEl calculates a
data size per user based on the number of symbols of the
L1/L2 control channel in one subframe and the maximum
number of multiplexed users.
In each of steps S3-1 through S3-Nppx, the
30 terminal UEl demodulates an information unit having the
data size ©per user calculated 1in step S2. Each
information unit having the data size per user

corresponds to the information unit mentioned in the



and HARQ information for the shared data channel. In step 517, the terminal
UE1 decodes the 5 shared data channel in the received signal based on
information extracted from the specific control channel. The terminal may be
configured to report acknowledge (ACKf1 oF negative acknowledge (NACK) to
the base station according to the result of decoding. Thereafter, the 10

above steps are repeated. FIGs. 9B and 9C show details of steps S14
througheS T8 P FIGNOACFIG-ISB g flowcharistiowing (@n ekempfaryence to
pa;rallqi r@cep;%iﬁn .prqc;esg.tl@p'ﬁerﬁ&% then termjnal ébilq&lglg,ckrs;caart e rrlninal
information in the common control information. FqQr example, the terminal . .
UET Pk RS 3 o I asating The Sart 0 JAESH Abior Gid L1k
deternsine§ WeHich o of Prddetihed formaillis Seletted fof fise LOERRDAtrolof
channebtistar S2i the terminaliis]l deterarres; Han 20nexamplenthe number
numb%rfofrﬁ.gt%bolﬁeo}fig Il_llslle_gscoHtrol ch nn%lhlrfsong subframe ts)gged on,_;

. .example 3
the determined format. ere, it is asstime that maximum humbers of

multiplexegutterz>Nlimax ang NP aétermined, Ragpedtifely, F8FupMFE Hiftr ©
downlinkehaverkeerereposted totthe gerainah by 25 broageasidatormation. time

The terminal Ug1 C@écué%%éﬁéﬁdaaé% Size.per user 0ased an the number of

symbols of the I"1/L2 control channel in one subframe and the maximum

ffmber of multipleXéd useérgPIn edch of-dtgps 53T irdlgh E3-NDRFAL thenes
30 terminad 4]l demodulates arv infermatiaom oitnhaving thef data sizeper is
user cggpggaetgg in step S2. Each information unit having the data size per

user corresponds to the information unit mentioned in the -49- descriptions
of the paging indicatdr (ffth'refelencéf@s S°-1 through S5-Nunax, the

terminal UEl demodulates an information unit having the

15 data size per user calculated in step S2. In steps S5-1

through S5-Nygax, unlike steps S3-1 through S3-Npp.x, the

terminal UEl demodulates information wunits regarding

uplink control information. The information units

regarding downlink control information and the

20 information units regarding uplink control information

may have the same data size or different data sizes.

Also in these steps, the number of communicating users

may be less than the maximum number of multiplexed users

Nymax. In this example, steps S5-1 through S5-Nyn.x are

25 performed in parallel, and therefore the time necessary

to perform the steps equals the time necessary to
demodulate one information unit.

In step S6, the terminal UEl determines

whether uplink control information for itself is present.

30 In the above example, it 1is assumed that the

maximum number of multiplexed users 1s specified

separately for uplink and downlink. Meanwhile, there is

a case where only a total number of multiplexed users



FIG. 5E). In steps 53-1 through S3-Npmax, the terminal UE1 demodulates
information units regarding downlink control information. In practice, the
number of 5 communicating users may be less than the maximum number of
multiplexed users Npmax. In this examf)@‘steps 53-1 through S3-N,,,, are
performed in parallel, and therefore the time necessary to perform the steps

equals the time necessary to demodulate one information unit. 10 In step S4,
the teridihal UBT detekmiresa whethey dolwrilink eontesldnforthalion fordseffdst

presenty ibeach of steps55Hlithreugh SSctNumaxathe tespingl UBk and the
demodulates an_information.unit having the .15 data size per user calculated

i top S35 atb8S 58 i Sa UMk TATKe Mo S At hidlgaL  NeiL
S3-N-axsthenterinal URE dearddulatés sierntatiohUnitS vegardifig Tplink Pe

contropfaimation. fhe infesmation units.regarding downlink contiet ss5 for
information and the 20 information units regarding uplink control informati
e do s on s i I R L i R
numberof EBAfmITE&ting isers UhHas be désstaATHE Thakimuht BBfbeF ofthe
multiplexeduisers tNumax drthis €xampley stepssh5-Lihrough S5tNemaxarel,

25 performed | ,p?‘crﬁ‘ge"a%%%Jahter%fPrebEh%%’Pgsr{eC?%%%ré’m%% psH Oﬁ%lé'%essary

steps equals the time necessary to demodulate one information unit. In step
86, thé termird UE 1d6teifBs “witthet UptihR ORI infsihTation fof fSBFSd
is presettie 38rinthe abave exampie, ibis assuaweththat the maxmtimNall is

number.Qf multiplexed users is speciied, sepacately fof uplink and downlink, ..
Meanvgllhlle, theorle&s a case where only a total number of multiplexed users
-50_ Dmax dll Umax) .

FIG. 9C is a flowchart showing an exemplary
15 serial reception process. In step S1, as in FIG. 9B, the
terminal UEl checks part 0 information in the common
control information. In step S2, the terminal UEl
determines, for example, the number of symbols of the
L1/L2 control channel in one subframe based on a format
20 determined in step Sl1. The terminal UEl calculates a
data size per user based on the number of symbols of the
L1/L2 control channel in one subframe and the maximum
number of multiplexed users.
In step S3, the terminal UEl initializes a
25 parameter n indicating the number of calculations (n=0).
In step S4, the terminal UEl demodulates an
information unit having the data size per user
calculated in step S2. In this step, the terminal UEl
demodulates an information unit regarding downlink
30 control information.
In step S5, the terminal UEl determines
whether downlink control information for itself has been

obtained. If downlink control information for the



Nall for uplink and downlink is reported by broadcast information. In this

case, the number for uplink and the number for downlink constituting the

total number Nall are unknown. Therefore, steps S3 for downlink must be 5
performed for the total number Nall, and@téps S5 for uplink must be
performed for the total number Nall. Thus, in this case, the number of
demodulation steps at the communication terminal increases. On the other
hand, tfoweéver! thekEamadunt ofisroadicast inforpdatiitnecessary 10toY@porfE 1
the nuﬁibﬁfé@‘dﬁu‘&iﬂeé?f‘ébtiwsdﬁﬁe%mr@?ﬁ:@?w?@tp&ﬂ”&fﬁ@ﬂaﬁoﬂ by 1.
necessary to report Nall is, less t the amount of information necessary to
report%%%rﬁ’\axecglned Ul ﬁgifl?%FIGB%qC iS %pf?oav!éghaﬁtsﬁ‘lpovg%%g atnoex%%rﬁnﬁéiﬁy{ate
15 serpdl eEEEptioT process i stepiSt, 48t FREMIBathdUtérniinBPBEL steps

checks part Q:infosmation inthe cormmen cartral dxformation 18 step S2q theor

terminalCUEI'Lf deigrm%egaf%re%f(arggle,mee nurgt%%r %f symbols of thehle_:SL/L he

controfcﬁaénnel ifi one subframe based on a format 20 determined in step S1.
The tefraWE D ¢aR&atés = - data size per user based on the number of
symbols of the L1/L2 censiel shanneldn onersubfiame ancstheimaximugs the

number iplexed. rs. In ste , ermi initializ _
param%?garrﬁa%ngd%aﬁnglﬁg r%rj%ljbge% E%E:%Ic%zn&éng; %r?lzo g%ﬁusité% 18%} %he? §_O) )

tefminal UE1 demotfilaté<san mformalisn Gt Having tﬁgﬁaﬁeﬁfélb%?%r an
calculateddnmsiep &2. Inithis stepathenterminabtUEd#ademodulates ater  user

informatien tnitregarging.daynlink 3%9%‘3‘4”f9£’_8$?0%8 SteRRo e yg1
terminal UE1 determines whether downlink control information for itself has
been OBEHiIAEd2if owHtink tortrdt infoFméatior forperding uplink control

information.

15 In step S9, the terminal UEl determines
whether uplink control information for itself has been
obtained. If the wuplink control information for the
terminal UEl has not been obtained, the terminal UEl
proceeds to step S10 and increments the parameter n by 1.

20 Then, the terminal UEl repeats step S8 to demodulate
another information unit. The terminal UEl repeats steps
S8 through S10 wuntil wuplink control information for
itself 1is obtained or the parameter n reaches the
maximum number Nyn.x, and then terminates the process.

25 In this example, demodulation of information
units is performed serially. Therefore, the minimum time
necessary for the demodulation substantially equals the
time necessary to demodulate one downlink information
unit and one uplink information unit; and the maximum

30 time necessary for the demodulation substantially equals
the time necessary to demodulate Npmax downlink
information units and Ngpx uplink information units.

Meanwhile, there is a case where only a total



-51- terminal UE1 has not been obtained, the terminal UE1 proceeds to step
S6 and increments the parameter n by 1. Then, the terminal UE1 repeats

step S4 to demodulate another information unit. The terminal UE1 repeats
steps 5 S4 through S6 until downlink comfal information for itself is obtained
or the parameter n reaches the maximum number Noma,;. In step S7, the
terminal UE1 reinitializes the parameter n indicating the number of
calculatishz(h=05. 101hstes 88! the tertibal UE 2 denrddulitesgh downlink

information épit-havingthecdatacsize per Hsekealcuatedin step S2cHythis the
step, the terminal UE1 demadulates an information unit regarding uplink .

control Ini o?r]fwatioflljé.]in stlé%qslélt{}he ?er}?nina B%l dréltlén?orﬁiﬁes gvrgtheé%vﬁrﬁ%ﬁnk
controFiriGimation f6r itséifhas beén lobtainBaSH theNaglink cehfrol unknown.

informatierdecthe, tegpiial UEL has net hrernsebtained, theytermiral Wk be
proceeds to ste 0 and increments th rameter n 20 Then, the

Pt DA G oLic to S8 o oot Tt M b e s (ke o8
terminalOBA9Fepeats steps 'S8 trbught S10 omtilgirktcshirbP infotnation the
for itself is:obtaingsker te paranetes N reaches tbe ¢aaximuahaumbeber of

Numax, and; then terminales e progess. 23 In this gxample, demodulaign,, )

of information units is performed serially. Therefore, the minimum time
Hécessayor e deribdutafon Subtantiafy equty & tme héced8arnyto ©f

demodidateione dowmtinkraformatiar carit angd one uplinkdnformatianmidty of

and thg, maximum 30 tme. necessary for the demodulation. substaniially,, . ; on

equals the time necessary to demodulate NDmax downlink information units
and N&ﬁ%&s{mm irﬁ8rmraeﬁ‘%<ﬁr|}nit§1.all is less than the amount of

information necessary to report Nppax and Nypax) .
15
<SECOND EMBODIMENT>
Since the general control channel (including
part 0) 1s information necessary for all users and 1is
used to decode data channels, error detection (CRC)
20 coding and channel coding are performed on the general
control channel. In a second embodiment of the present
invention, exemplary methods of error detection coding
and channel coding are described. In the configuration
of FIG. 4B, it 1is assumed that L1/L2 control information
25 (part 0) and L1/L2 control information (parts 2a and 2b)
are channel-coded separately (i.e., channel-
coding/spreading/data-modulation units 41 and 42-A are
provided, respectively, for part 0, part 2a, and part
2b) . Variations of this configuration are described
30 below.
FIG. 10A illustrates a method where part 0 and
parts 2a and 2b are error-detection-coded together but

are channel-coded separately. In this case, each of



Meanwhile, there is a case where only a total -52- number of multiplexed

users Nall for uplink and downlink is reported by broadcast information. In

this case, the number for uplink and the number for downlink constituting

the total number Nall are unknown. 5 Theréfore, steps S4 through S6 for
downlink must be repeated for up to the total number Nall, and steps S8
through S10 for uplink must be repeated for up to the total number Nall.

Thus, frrthig ease tthetnurhbenof demodblation steps/ak thecearhntuiricatioir o r
termingk1@dncreases 0r the ether handhewever.dhe apaun ob breadeash,
information Decessary o eport fhe number of multiplexed usersiisreduced
(the amount of information necessary(fo report Nall is Tess than the’amount

of infétRidtioriRecessaty t& rEF6rt NorRax and-NUmax) . 15 <SECOND
EMBODIMENT> Sincedbe geaeeal contrakekaninel(inctuding park O¥isr part
information pecessary farallusers ands used (o deqode data channgls: 1 .
error detettion (gé&) 5 coding and channe coding are perForme on the

gener&fcatidl chaniéll in Bekeefd BrfissdimenPerthegreséft irfdntionthe
exemplagrmethods okerror detactionieoding dand channel coding are

described. In the cqﬂgurgg%n 9fFIG. 4 ,ei%isaa%g %%t%é-r]él-%% ntrel | 4
information 25 (part 0) and L1/L2 control information (parts 2a and 2 % are

cannBREGded SepaitateRF(i.6 L h&AREIr colintfSpreadifaatadnodnagonst -
units Aoakrd 42eA are tproyided, tespactivehy tfoo partthpast2ahand pasicome s

) e g alon i sl 3 Y 6y 1o,
this method eliminates the need to process parts 2a and
2b when error detection of part 0 fails.

15 FIG. 10C illustrates a method where part 0 and
parts 2a and 2b are error-detection-coded and channel-
coded together. With this method, it is necessary to
decode both part 0 and parts 2a and 2b to extract part O
information. However, this method improves the

20 efficiency of channel coding.

In the second embodiment, methods for error
detection coding and channel coding of part 0 and parts
2a and 2b are described with reference to FIGs. 10A
through 10C. However, the above methods may also be

25 applied to a general control channel other than parts 2a

and 2b.

<THIRD EMBODIMENT>
To improve the received signal quality of
30 control <channels, 1t 1s preferable to perform 1link
adaptation. In a third embodiment of the present
invention, transmission power control (TPC) and adaptive

modulation and coding (AMC) are used to perform link



parts 2a and 2b are error-detection-coded together but are channel-coded
separately. In this case, each of -53- communication terminals UE1 and UE2
performs error detection collectively on part 0 and parts 2a and 2b, and
extracts an L1/L2 control channel for itself'from parts 2a and 2b based on

part 0. 5 Since the error detection (CRC) code for part 0 generally becomes
large relative to the control bits of part O, this method makes it possible to
reduce tiee tovierhead b errot Hetectioncewding IFIG. 1108 ilhistraies a rmathoel e

where part:Q-andn10 pasts Zeoard 2k are eeror-detectioncoded;and shamgler
codedosgp%r(_)atel . Mth Ctﬂis me}hod the overhei% bgc mes_greater

compared with the case of FIG: io&.SHoc\:/\(/)élvterr? ' method &liminates fhe <2

need t6YOEESS PartSRaldril 2b RRéR effot Wetection Df part O fails. RIG. high

10C illustratesia methodwhere part® and pads 2eantkdbafet a downlink
error-dc%tgctiorgc%%ed and c?a%nel- coded togrettﬂer. Withwtahis tpethoc% it is

he~b
necessaryntr(])e ecode both partS%%%lsgarFsSSa and 2b to extract Bgrt © hase

informatieh l1ABwever, this mefidd impreves ifie 26 efficien&rerehashefo  Pe
codingxdn the secendhembodinentsnetbodsi farierter detegtion cedibgand to

channel coding of part.Q and parts, ga and.gb gre deseribed with reference o,
FIGs. 10A through 10C. However, fhe above methods may also be 25

dpblied 16 2%geReral OhtroFERETHE DREr tRAY parts' 2y and Zb. LFARPLIE 2
EMBORIMENTR ToeHampreve the receivedzsignay quality ©f s30 camtrolreceived

channels, jtis prefgranle fo petform link adaptafign. In,a fhird empodiment.at.

therﬂ%ﬁ?&rference with other wusers. Because the channel
conditions of user 2 are good, it is possible to achieve

15 desired reception quality with a low transmission power
level. Therefore, a downlink channel for wuser 2 1is
transmitted using a comparatively low transmission power
level. When only transmission power control is employed,
a fixed combination of a modulation scheme and a channel

20 coding scheme known to the sending and receiving ends
are used. Accordingly, in this case, it i1s not necessary
to report modulation and channel coding schemes to be
used to demodulate channels under the transmission power
control to the users.

25 FIG. 12 is a drawing illustrating an example
of adaptive modulation and coding (AMC) where one or
both of the modulation scheme and the coding scheme are
adaptively changed according to channel conditions to
achieve desired reception quality. Assuming that the

30 transmission power of the base station is constant, it
is expected that channel conditions of user 1 away from
the base station are poor. In such a case, the

modulation level and/or the channel coding rate is set



invention, transmission power control (TPC) and adaptive modulation and
coding (AMC) are used to perform link -54- adaptation. FIG. 11 is a drawing
illustrating an example of transmission power control where transmission
power of downlink channels is controlléd 16 achieve desired reception

quality. Referring to FIG. 11, a high 5 transmission power level is used to
transmit a downlink channel to user 1 because user 1 is away from the base
statiorrand itsehahngréorrditidns sfecexpedted to bropdor Méafiwhile,, QPSK

channekcongitians 9k usen2 clogaito) the base statigr aregxpectedto be ang
good. In his ease. 10,using a high transmission power Jevel to ransmits,
downlin‘ﬁ channer to User may iNcrease the Teceived S|gnafquamy aﬁ User 2

but m&yaRelincreaset irfierfeéreAce With dthek isershBeeatisectrechiarizt of

conditiggsof Luser Zsarecgoatdt isapessibletoachieve dasieddgception good
quality with &9 ransimissipn poWen levelThetglore. adownink.chanpel, . .,
for user 2 is transmltted using a comparatlvely ow transmission power evel.

When epf frangiissiorSpdiRér control isPémployedea fiXed édimbination bf @AM
modulaton sebemesand archannel20-cong sehame=knawn to the sendingand

and receivi S sed, Accordin i is case, it is.not necessary to
gge&%ﬁgr% ar%%ﬁaﬁgglsco%%gls%%%rrﬁég% e%ursgedttﬁa1 esrﬁé E%Ct}é Eer

report mo
é@nné@%er thetParfsmhissoMpdwer Controf to- e users2 983 19eigig ed
drawingeilastrating anrexample of adaptive medulationiand ceding (AMCYnne 1

where Qne.Qr hoth of the; mordylation scheme and,the coding seheme %E%ieve

adaptively changed according to channel conditions to achieve desire
receptitivquafity. ASSGRING that THE 30 trandmissiBn powdr of tHe-hsgee  the
stationcisrcongtant; itfor a user with good channel conditions. When

15 adaptive modulation and coding 1is employed, modulation
information including the modulation scheme, the coding
scheme, and the number of symbols of a received channel
is necessary to demodulate the channel. Therefore, it is
necessary to report the modulation information to the

20 receiving end. Also, with the above method, the number
of bits transmitted per symbol varies depending on the
channel conditions. In other words, a small number of
symbols are necessary to transmit information when
channel conditions are good, but a large number of

25 symbols are necessary to transmit information when
channel conditions are poor.

In the third embodiment of the ©present
invention, transmission power control is performed for a
general control channel to be decoded by any of users,

30 and one or both of transmission power control and
adaptive modulation and coding are ©performed for
specific control channels to be decoded by selected

users who are allocated resource blocks. The third



is expected that channel conditions of user 1 away from the base station are
poor. In such a case, the modulation level and/or the channel coding rate is
set -55 at a small value. In the example shown in FIG. 12, QPSK is used as
the modulation scheme for user 1 and théfefore two bits of information are
transmitted per symbol. On the other hand, the channel conditions of 5 user

2 close to the base station are expected to be good and therefore, the
modulatior fevet aind/or theoehartiel cotsding date ¥s setvat @largefvalifee Irihree

FIG. 12¢ 16QAMgisused-as the medulation scheme for user 2 and therefore
four bits of information are transmitted per 10 symbol. This method makes it

possible to achieve desired reception quality for a user with poor channel
conditibhs BFimMpBrRdving the reliability, and to achieve desired reception

qu;ality as well as inpxﬁea§e th@rﬁtroqg@plubmr adisey with geed ichannel power
conditions, When adapli 8rm8§”.'«9£'9” and coding i3 .eé“oﬁ’l'%%‘%’ modulation, 4
information’inc uéhngpt e modulation sc emeq, the coding scheme, an the

numbér st syRitsols of @ reeervedchanfief 18 ktessary to Hehfodulstepe: 2
channgkdiherefprey #ds iRecessarytadeporithe modulation infeprationitéhout

the 20 rgceiving, gnd. ?A%%U‘Q’Q%IQ% a'?“i%@&é%%%%‘ﬁ ””mibr?éﬁfd?i%% the
transmitted per symbol varies depending on the channel conditions. In other
WOrds"8 SrrallFAGPbEr bESymIsEs &g nee&ssary t6 trahSmitiiifotftatibRcause

when tjlnapnela:wdi_tigmse‘nte goqrdsbut @éaégamumbeﬁotaﬁ symbelsare is
necessarytp;transiit information when, chan 96'1995‘911'0%&feiF%OO{-h'IQ_JQ%ore

third embodiment of the present invention, transmission power control is
perforimedffof a" gefletsl Control BhaAAEl tb e dBeSded By RimyFot Udergiahout

the entire frequency range. Meanwhile, a specific

15 control channel for a user is mapped to resources within

a resource Dblock allocated to the wuser. Therefore,

transmission power of specific control channels may be

adjusted for respective users who are allocated resource

blocks to improve the received signal quality of the

20 users. Taking FIGs. 7A and 7B as an example, the general

control channel may be transmitted with a transmission

power level Py, the specific control channel for user 1

(UEl) may be transmitted with a transmission power level

P; suitable for user 1, the specific control channel for

25 user 2 (UE2) may be transmitted with a transmission

power level P, suitable for user 2, and the specific

control channel for user 3 (UE3) may be transmitted with

a transmission power level P3; suitable for user 3. In

this case, shared data channels may be transmitted using

30 the corresponding transmission power levels Pi;, Py, and
P; or a different transmission power level Pp.

As described above, the general control

channel 1is decoded by all users. Also, the purpose of



30 and one or both of transmission power control and adaptive modulation
and coding are performed for specific control channels to be decoded by
selected users who are allocated resource blocks. The third 56- embodiment
may be implemented by any one of thethfée methods described below. (1)
TPC-TPC 5 In a first method, only transmission power control is performed

for the general control channel and the specific control channels. In this
methotha properilreceivedPéhaiiieltah be demotkitatet wiblfourr fecaivingo
mocl(ljulaﬂara irzlgtfc?amaﬂ@r;1 ér&{@di?gitﬁg@ Ji]&ﬂmwatli%saffr?]ﬁe ca%iﬂg rate 8f6rs
in advance because they are fixed. The general control channel is

st Arats & Het ety BECKand e bors” et cirBthe £
same traRBATISSION Powe? Throughodt tiee ErfircSiréGuensy ramger MearovHilkes L
a specific. :gentrohchannel ford; useris mapped ta esourcesiwithin @ ception

resoureg blogk allgcated o the User, Therefore, fransmission.pawer o, ocycs.
specific control ¢

annels mgys/ebres adﬁltfstgé For respective users who are
allocafédresdartel Hlocdks tbifmprove tiefecEivedtdigratquairy of the 20 and
users.3aking FHesalAankt éB ascan example dhiesgeneral contol chaanelkhe
may be transmyitted with a ransmission; 89‘1"§£ leyg], £, the specific C?QE{O't e
channef for user 1 (UE1) may be transmitted with a transmission power Iever
P suitsBle ¥6r-user At ¥R spedfic @ontF51Eh&Rnet for 25 usér SYUEDY Fray ey
be transmittedvwith &. transmissiorn powerdevekl?2 stitablectosuses 2rand, 2,

the spegific -coptrol ghannel friser 3(UE3) may be t@E‘SQitEe&Wit%ogg may

transmission power level P3 suitable for user 3. In this case, shared d
channB%qné¢beﬂ%ﬁ§nﬂﬁ8dL@ﬁﬁfde the general control channel

properly. However, this does not cause any practical
15 problem because no resource block is allocated to the

user.

(2) TPC-AMC
In a second method, transmission power control
20 is performed for the general control channel and
adaptive modulation and coding 1is performed for the
specific control channels. When AMC is employed, it is
basically necessary to provide users with modulation
information in advance. In this method, modulation
25 information for the specific control channels is
included in the general control channel. Therefore, each
user receives, decodes, and demodulates the general
control channel first, and determines whether data for
the user are present. If data for the user are present,
30 the wuser extracts scheduling information as well as
modulation information including a modulation scheme, a
coding scheme, and the number of symbols of the specific

control channel. Then, the user demodulates the specific



30 the corresponding transmission power levels P1, P2, and P3 or a different
transmission power level Pp. As described above, the general control

channel is decoded by all users. Also, the purpose of -57- the general control
channel is to report the presence of data &nd the scheduling information of
the data to users to which resource blocks are allocated. Therefore, the
transmission power used to transmit the general control 5 channel may be
adjusted ¢ sehieveadesiredaeception dquadity-for tifechserslwhe are Bflovatedon

resourggplocks,e For example i BnFIGs nfd angcABqif all usessdp ¢, angbBains
who are gllacated resauree blocks are located pearthe hase sgtion. e
transmission power leve 3 for'the 10 generaﬁ control channel may%e et at'
a companiiehp ismralk balueh &7 tils ¢ase, altserother than users 1, 2, and 3

who is located, for exampte, at arcelhedge mayvaot be ahleedecededhghput

general control cha{mel pro eay. HQ}‘{Ve\fr?r thés go s not caus amégracggal
reguliremen CcO are W are ata Cchann [S] re,
problem because no resource lock is allocated to the User. FZ%FP “AMC In

a secomPmetHBaSansiissioipowér eartroP 20 RYserarmed forfiie coding
generalqoniegd charnehand cadaplive macktationand eodingis pedormed fase

the specific gontrol shappels. tl\é!%%” AMC is,employed, itd%t(?asé%%'%e . For

necessary to provide users with modulation information in advance. In this

rhethoB* Afdtifiatidr® 25 MiformatibR foPHEESpecifie BoRttGI Chanméls is OFSK 1s

included i thex generat cantiel cltannebdinerefare, eam@eﬁmécejhes,cpding
decodes, and demodulates the,general contral channel first, and determines

whether data for the user are present. If data for the User are present,
The second method enables all users to receive

the general control channel with a certain level of

15 quality as well as to improve the reception quality of

the specific control channels. This 1s achieved by

mapping specific control channels to resource Dblocks

providing good channel conditions for respective

communication terminals and by using appropriate

20 modulation schemes and/or coding schemes for the

respective communication terminals. Thus, in this method,

adaptive modulation and coding is applied to specific
control channels to improve their reception quality.

When a very limited number of combinations of

25 modulation schemes and channel coding rates are used, a

receiving end may be configured to try all of the

combinations to demodulate a specific control channel

and to use properly demodulated information. This

approach makes it possible to perform a certain level of

30 AMC without reporting modulation information to users in

advance.

(3) TPC-TPC/AMC



30 the user extracts scheduling information as well as modulation

information including a modulation scheme, a coding scheme, and the
number of symbols of the specific control channel. Then, the user
demodulates the specific -58- control charnel according to the scheduling
information and the modulation information, thereby obtains modulation
information of a shared data channel, and demodulates the shared data
channel. 5 Control éharineldihade adoWwer throughpot: seéquirementcomparte 1

with shared data enannels: Therefosendhe nuemher.of comninations ofnd poth

modulgtiorg1 angsc%doiplg schgpeggortéo C gf Qeaquaneral %ontrgégtfggngl may

be smalfer than that used Tor the shared data chann%?.llyor 18 examplle, or

AMC csfafiérgenefal dontroP ERaAndlo QPSR isSREdtichily useddsthechannels.

medulaton sekemecand theseading ratemaybe selectedhipmb 44 3/4,142, is

and 1/4. The sl%ond method enabtll%s all users to r&ggirvse the &?n%@éﬁ‘i%%n
x ]

b
channeﬁ\fvftﬁaa cé/rtaPnel%%%FSF%u ity fsrvov\éfl as to |mpr0vewt € reception

quality o t&'3péetic controteHanféls. ThisSis-achidved-By mapphicESpecific©
contropebaniels to resauree bloeks rpraviding goodchannel conditions fert i on

reSpecsFié’ﬁeﬁgrs”mQQ!fatL% fetminalsand, by ysing apprpriale 20, nodylation. 4
schemes and/or coding scﬁemes for the respective communication .
tefminaRS ThusOTh this fetholY Hldptive modulafienshdCoding 18 appliedtoh -

spgcifmowenual,cham@sgq improve theje recepﬁmequalitnyhemamerytions
limited number. of combipations of. 25 madulation sehemes and channel ;¢

coding rates are used, a receiving end may be configured to try all of the
combif&fishs - defrodildte @ specifid’ortfl thanfél AR4t6 e propsfyied
demodulateddpformationeThisetermined combination, and thereby

15 increases the processing workload and overhead. In the
third method, reception quality 1s maintained by a
combination of TPC and AMC. In other words, i1t 1s not
necessary to compensate for the entire fading solely by
AMC. For example, a modulation scheme and a coding

20 scheme that nearly achieve desired quality are selected
and then transmission power is adjusted to fully achieve
the desired quality under the selected modulation scheme
and coding scheme. This method makes 1t possible to
reduce the number of combinations of modulation schemes

25 and channel coding schemes.

In all of the three methods described above,
only transmission power control is performed for the
general control channel. Therefore, the user can receive
the general control channel with desired reception

30 quality and also can easily obtain control information
from the general control channel. Unlike AMC,
transmission power control does not change the amount of

information transmitted per symbol and therefore the



approach makes it possible to perform a certain level of 30 AMC without
reporting modulation information to users in advance. (3) TPC-TPC/AMC
-59- In a third method, transmission power control is performed for the
general control channel, and both transMission power control and adaptive
modulation and coding are performed for the specific control channels. 5 As
described above, when AMC is employed, it is basically necessary to
providetisers withanbdalatiohainfermatioh incadvante yAlsbz it48 préfedable 109
provide a large aumhemeficombinalions o medidation schemes-and channeb1
coding.fates 1q achieye desited 10 reception quality evenwhen e degres of,
fading is |gr}1. However, using a large AUMber of combinations qt:omp cates
the prédesdof HERIMINING AnTaSproprists Scombifatiohr Attieases theéversity
amouniofinfosmatien agededeto. reporktherdeterminggicombinatiorsamd e to
thereb%chnlcé%aeseesntgg ?%rocessing ivy)orkload an o%erhead. ? the_third

TP

method, reception quality is maintained %Lilaal “combination o “and AMET "

In othétW6ids, 98 ABP Inec’saR tocompersateforthe éntiedadingXolelye
by AMGCakemnexample, a proditation sekkeme and a codings28 schemesthater,

nearly achjeve desired guality. are selected, and Q%@Eranég?!%gig[‘ PQUEr IS, 1o

3S#'1uste to fully achieve the desired quality under the selected modulation

en%e%%ﬂaéodﬂ?dlééﬁéméh?ﬁ%%eth%d HRakedit 6@§§B[%it%l rediicethe ©f
numberref cambinations af-modutation schemesiibland ctannel cading ssion

schemgs, in all oF the, three methods described aboye, %%”%@S@ﬁh‘?}d at
power control is performed for the general control channel. Therefore, the
usercéﬁqgcéwgervals and reported via a broadcast channel.

Meanwhile, including AMC control information

15 (modulation information) for specific control channels
in the general control channel makes 1t possible to
perform AMC for the specific control channels and
thereby makes it possible to improve the transmission
efficiency and quality of the specific control channels.

20 While the number of symbols necessary for a general
control channel is substantially constant, the number of
symbols necessary for a specific control channel varies
depending on the modulation scheme, the coding rate, the
number of antennas, and so on. For example, assuming

25 that the number of necessary symbols 1is N when the
channel coding rate is 1/2 and the number of antennas is

1, the number of necessary symbols becomes 4N when the
channel coding rate is 1/4 and the number of antennas is

2. With this embodiment, it is possible to transmit a

30 control channel using a simple fixed format as shown in
FIGs. 7A and 7B even 1f the number of symbols necessary

for the control channel changes. Although the number of

symbols necessary for a specific control channel changes,



the general control channel with desired reception 30 quality and also can
easily obtain control information from the general control channel. Unlike
AMC, transmission power control does not change the amount of

information transmitted per symbol andth&fefore the 60- general control
channel can be easily transmitted using a fixed format. Also, because the
general control channel is distributed across the entire frequency block or
multiplehesoureedslocks, Kightfredqueney eiersity 3 ghinccaddecerpectesdit rol

This i feakesdbpossile th achieverrnoughoreception qualipoby simple «o
transmission, power control where 3,longperiod ayerage of [he transipission,
power level IS a%ljustea HOWQVGI‘, performlng onJ[y {_lransmlssmn power o

controff6ktRe 510 §EnefdlTontio? chiRfel BRIttt eéssentedl fehitfre ofPget f1c
preseridavertionc rof example, the-transmissionaformat ehthe general given

control channel m bekchanged at long intervals and reported via a
re ce CK.

broadcassf%%]énne% eanwhile, including AMC control information 15
(modulation information) for specific control channels in the general control
channekFmakes itpessiblertor perform AMC for the specific control channels

and thereby makes it possible {8 Improus(he trangmission, effiieney pnd ,
ﬂléality of the specific control channels. 20 While the number of symbols

ces$&RToF 3 gehktal te6ntrot Chaniséins sBbstaRaame constast € htmbere

of symbalssieicessary fosanspecific coatrollghannelvaries dependingrarstheoe

modulatign scheme, the cadipgJate, the numberfantennas, and $o Qé‘hhfg!}e

example, assuming 25 that the number of necessary symbols is N when the
chann&l¢sding rateis 172 arnd the nutfifer 'of dmtBrnas & 1, HERImbéof the
necessanyisynabols beconmesdNwhenthell users in a cell. However,

15 for efficient wuse of radio resources and for 1link
adaptation, it 1s preferable to adaptively change even
the transmission format of the L1/L2 control channel
from user to user. In this case, it 1s necessary to
report a selected transmission format to each wuser

20 device. In a fourth embodiment of the present invention,
the transmission format of the L1/L2 control channel is
adaptively changed.

Generally, the data size necessary to transmit
information varies depending on the transmission format

25 used even 1if the number of information bits to be
transmitted is constant. A transmission format is
specified by parameters including a combination of a
modulation scheme and a channel coding scheme (MCS
information). The MCS information may also be specified

30 by a combination of a modulation scheme and a data size.

Referring to FIG. 13, the data size necessary
to transmit information using MCS-2 (modulation

scheme=QPSK, channel coding scheme R=1/4) 1is twice as



channel coding rate is 1/4 and the number of antennas is 2. With this
embodiment, it is possible to transmit a 30 control channel using a simple

fixed format as shown in FIGs. 7A and 7B even if the number of symbols
necessary for the control channel chan‘g6e?s‘. Although the number of symbols
necessary for a specific control channel changes, -61- the number of symbols
necessary for a general control channel does not change. Therefore, it is
possible tw flexiblytdopedritt theivariatioadhs the nurmbetshsymibjolsthy same

changingrthempropertion of thevspedaific aconttol chanpekigntbesshared datane
channel in.a %ivgnhreemseoug::el t/)%)ck. SFOURTH EMEB%DII\éIlENe'IBDTrCaenssSrBi%siOQO
formats odf data channels are d ieportged via}fhe 21 control channels Y
Thereforenthie! fransffission formaconmeMCHL? contdl ERaAREl IMEBERE=QFSK,
Krnpwndioauserdeviceis: d hessisnplest-methodite achieve thisds tayse 9Age as

fixed trtahnesngg%lon fclaggat for the LlngocoCnrtgonlscha,grnﬁrLﬂf%o% %!Im%seirg nace IIion

However, for efficient use of rsa%ﬁcf fesources and aptation, itis
preferablelo dfaptively ERAAGEEVEN thesFARBRITSSION fornfdtoFiRe L1AZY1INg
controkehanmel REcanrvysertawser.WadhistcaseMit s necessaniol reporta the

selected frapsmission format to each %QE%QSQGV‘E%- In g fourth,embo i@‘e%?e
of the present invention, the transmission format of t?'ue L1/L2 control channe

isOadaptively GrdHgett Geifarafy, tRB S Sizelfeddsal{ o thansthitnown in

informatiatevaries depending on the traagmissiondoemat 126 usedevessit thehe

o SO Aletobe VPl AL APISTITN e
Also, in the decoding process performed for each
possible MCS, a user device needs information indicating

15 the number of multiplexed users whose control
information is multiplexed in the L1/L2 control channel
to determine whether control information for the user
device 1s present (the wuser device can extract the
control information for itself, if available, by

20 decoding information wunits for up to the number of
multiplexed users).

As described in the first embodiment with
reference to FIGs. 9B and 9C, the number of multiplexed
users in the L1/L2 control channel may be reported to

25 user devices separately for uplink and downlink or may
be reported as the total number of multiplexed users for
uplink and downlink. The amount of radio resources
necessary to report the number of multiplexed users and
the processing workload at the user devices vary

30 depending on which one of the two methods is used.

Before describing various methods according to
the fourth embodiment, definitions of symbols

(parameters) to be used in the descriptions are given.



modulation scheme and a channel coding scheme (MCS information) . The
MCS information may also be specified 30 by a combination of a modulation
scheme and a data size. Referring to FIG. 13, the data size necessary to
transmit information using MCS-2 (mocﬂﬁéﬁon scheme=QPSK, channel
coding scheme R=1/4) is twice as -62 large as the data size necessary to
transmit the same information using MCS-1 (modulation scheme=QPSK,
channel coding schemecR=1/2)1A#es thetdata Bizedsecessary ¢S trapsmit ded

informatien usieg MC5-3 (medulation schemesQPIomb chapneheodilg data
scheme B>1/0).is {hree limes as Joyge s, (he data size necgssary (o transmis,
the same Information” with MCS-1 moauférflon scﬂemengch ﬁ, channel
coding- sehehie R=1/2p MHis! weRtHEEMCS 16 berappliedto-te [dayL2MCS-1
cantrot ehannrel changes,the data size of the 10 L1/L2 control channel
changes. If the MCS is .unknown in a de (ﬁdi g process, it may be necessar
to repeat the decoding%%zc%aé@ for(uaaﬂc[)% egrl)]umll)ré%)?%gggble?ﬁ/lecsgam "

Also, iRtREtfecd il protessperforniathit eatht PossiblMeS My hisép lexed
deviceineeds infarmatiore indieating the ntimberof:multiplexed ysars. whose

control information_is m lEJ|tDi Pgﬂe)xeg nig itQ% t'aéé'—%%%m%%' Hgggpnglf toug%egm{lrgei ng
whether control information for the user device is present (the user device

dh eXfftthe ToRfBRihicrmation TBRitS&TF, iFaEiRble( By 2o°decoringed to

informatiomamitsfen uptgihe nurabetafs sultiplexeddisers);)As described in
the first embodiment with reference o FIGs. 9B and 9G the umber,of 55,4

multiplexed users in the L1/L2 control channel may be reported to 25 user
devicedseparately ol Upfink antfowRinK orEy B8 reportéd asIhetotap 20

numbefcsf mulktipléxerhasersfansmission efficiency) .

15 - Np indicates the number of multiplexed L1/L2
control channels related to downlink transmission (N’p
indicates the wvalue of Np when an MCS with the highest
transmission efficiency is used).

- Ny indicates the number of multiplexed L1/L2

20 control channels related to wuplink transmission (N’y
indicates the wvalue of Ny when an MCS with the highest
transmission efficiency is used).

-  Npmax indicates the maximum number of
multiplexed L1/L2 control channels related to downlink

25 transmission (Np=Nppax) -

- Numax indicates the maximum number of
multiplexed L1/L2 control channels related to wuplink
transmission (Ny=Nymax) -

Np11.2 (max) indicates the maximum number of

300 multiplexed L1/L2 control channels in any subframe and
(N’ y+N’p ) indicates the maximum number of multiplexed

L1/L2 control channels in a specific subframe.

FIG. 14A is a drawing illustrating



uplink and downlink. The amount of radio resources necessary to report the
number of multiplexed users and the processing workload at the user

devices vary 30 depending on which one of the two methods is used. Before
describing various methods according fo° the fourth embodiment, definitions

of symbols (parameters) to be used in the descriptions are given. -63- -

NMCS indicates the number of MCSs provided for the L1/L2 control channel.
Combinetiops of oata mbddaton schefmbsland-edmed] codiriy selsemas four
used forrthe LiAZ,confrol chapnelaredepresented by MESsl -, tugughshows
MCS-I\el>I\</IeCS - I\!:LlL%gl?aé(% (:gl' 0+t|\1qu ) ing!)c\%esékel% max'murgrnurentbeel[ of in
L1/L2 conﬂ‘gllghgnnels a can%e mu tip?exed in One 1T (wﬁen he mos
efficieAENICS &dsed) " NUEID (m) inditatesthe Aimbeér &F users usingl eates
MES-mringlawnling(a srealiersaumier (nyoisrassignedstod an'MES withii cates
higher transmission efficiency). - NUE,U(m) indicates the number of rs
using ]I\ﬁ%] ﬂr?]ai?lll?ﬂinﬁe(%%r%élletron& %é?%m)%ssagegavﬁgd 0 a%}%i/lc with the
higherdfarismissin éfficieRdy)r15L1ep indicates thedfitinBersr nmdltiplegedCS
L1/L2 oo ehamelsretated 1@ downkink tramsmissionoiNo iingjcatasie two
value ot Npwien g MCSwith. (e fighest, ipnsssian efidgnoisysed), .,
NU indicates the number of multiplexed L1/L2 20 control channels related to
dplink tran¥missiont BN'GE Hificate8 WRe Varie of NU wher) an RMIES Wit thethat
highestctansmissioreefficiency 1S usedi s Naaxfindicates thefmaximum users
number of @g't@@ﬁ%l)&gacomo'ach%gaak%rﬁa}e%g%govlvlgw 2R rri-1.

transmission (ND'~Na"ax) .
Regarding downlink, D3 uses MCS-1 with high transmission

efficiency and D1 and D2 use MCS-2 with low transmission
15 efficiency (in FIG. 14B, Nyg,p—MCS-1 is 1 and Nyg,p—MCS-2
is 2). As described above with reference to FIG. 13, the
data size decreases as the efficiency of MCS increases.
Regarding wuplink, U2 and U3 wuse MCS-1 with high
transmission efficiency and Ul wuses MCS-2 with low

20 transmission efficiency (in FIG. 14B, Ngg,y—-MCS-1 1is 2

and Nyg,p—-MCS-2 is 1). In TTI-1, although up to five
users can be multiplexed for downlink (N’'p=5), only
three users are actually multiplexed (Np=3). Also 1in

TTI-1, although up to four users can be multiplexed for

25 uplink (N"y=4), only three users are actually

multiplexed (Ny=3). Exemplary values of parameters for
other TTIs are also shown in FIG. 14B.

Below, methods 1 through 7 of reporting the

number of multiplexed users to user devices are

30 described. In the descriptions below, it is assumed that

the transmission format (i.e., the MCS number) of the

L1/L2 control channel 1s changed from user to user.

Characteristics of the respective methods are shown in



- NUmax indicates the maximum number of multiplexed L1/L2 control
channels related to uplink transmission (Nu'~Numax) . NL1L2(max) indicates
the maximum number of 30 multiplexed L1/L2 control channels in any
subframe and (N'U+N'D) indicates the Paximum number of multiplexed

L1/L2 control channels in a specific subframe. FIG. 14A is a drawing

illustrating -64- transmission of downlink L1/L2 control channels in four TTIs
with variéus multiplicities. FIG. 14B shows exemplary values of the above
defined parameters in association with FIG. 14A. In FIG. 14A, "D" indicates 5
inform .8@ rglé'fltei(; to downlink and "U" indicates information related to

uplink. As slﬁown in FIG. 14A, the data size of information varies according

to the MCS applied.In"FE3°34A anth B4 B, 6P brévity L ofly thvoe tpreslofusers
MESsase pravidesdthewransmissian efficieney 10 ofMCS=dds highefdharacn
that ofME:SEZC} : §§QP°SJ@% {Qaets M%—ghis Lé%e% for éaljclhusgrs, informaltltIin%nefor of
nine users can be transmitted in a frequency band used it T'Flhf &egar ing
downlifk! DBPUSESMCS A 5Fith RighSPaisSiAissivrP effidiéndy and DAPand b2and
use MES2 mithlowrtransrmission 15 effisienay (indelGe44Be NUE PMES L is 1
- and NGOG 1) Aegeserbetangye iR 1glerane R FIG d2ng
the data size decreases as the efficiency of MCS Increases. Regarding

Uplink J82 %93 B5e MES-15Wwith Aigh trRanSmissiBh fficietYy ahd WP uskshe
MCS-2 withelow 26 transmissiar gfficiency {inlkeks. 4B, NUwpEMCS£] i92ind

and NYE, RMES:2 45@%%-5'[‘ L, Althougl LR, to iive, LISELS 6aNn 8. siple to

multiplexed for downlink (N'E=5), only three users are actually multiplexed
(NE=3JTA&RbYin ¥5F1, AitRoudh tip%to fBhr u¥ers an bemufipfékedforr  and

therefore can most efficiently transmit the L1/L2
15 control channel (enables the most efficient use of radio
resources). Since the number of symbols necessary for
the L1/L2 control channel 1is reported Dby part 0
information, the Dboundary between the L1/L2 control
channel and a shared data channel can be changed for

20 each TTI.

(Method 2)
Also in method 2, the MCS of the L1/L2 control
channel is adjusted every TTI for each user. In this
25 method, the numbers of multiplexed L1/L2 control
channels for uplink and downlink (N’y and N’'p: values
based on the most efficient MCS) are determined
separately and are reported for each TTI to user devices.
Although the MCS is adjusted every TTI for each user,
30 MCS numbers selected for respective user devices are not
reported. Therefore, the number of blind detection steps
is represented by Nycsx (N’ y+N’p) .

With this method, although the number of blind



25 uplink (N'U=4), only three users are actually multiplexed (NU=3).
Exemplary values of parameters for other TTIs are also shown in FIG. 14B.
Below, methods 1 through 7 of reporting the number of multiplexed users to
user devices are 30 described. In the d&@:‘riptions below, it is assumed that
the transmission format (i.e., the MCS number) of the L1/L2 control channel

is changed from user to user. Characteristics of the respective methods are
showrfiatGB-tRIG) 17t ¢Rrethsd i metfod T ethesrurhbers ¢hmultiplexeethod

users 5, folf@@lclhuM%Srr] (N@Eblr'a]!@@) f;l]adé\éké&x@(r?)} quegleeg%ﬁd ferneaghmbEk s
to user devices. With thi thod, the number of multiplexed users is

bt ek bRt Bl S S RIS
extract Bantrolt infermation forlitsetrGifavailabie) by perdming & a0udecsting e

processufasarp te NUE L{MPHNYED(M) timeso(the tnwmbenofstimes mayebe: he
caIIele;Jl&% number of bligg dete](::titlj\?g pg%.This H1ethod also i ggsg nakes
-m

) S dadJus ve r ea user,
possible to ]free?y det tthe value of or each user and therefore can

most efficiBRy trahSmitths 11/[E2 Bohtrct ERARARBE(ehabRSsthe mbst Effigient »
use ofnradigodiesaurces) . Since the number of symbols necessary for the
L1/L2 control channel is reported by part O information, the boundary

between the L1/L2 control channel and a shared data channel can be
cfangéF6r b dach TTI. (Method 2) Also in method 2, the MCS of the L1/L2
control channel is adjusteichewerynbll foy each uses. nthish5imettod;dherol

numbedfﬁaq{r@%ltiplsexggjlujsﬂcgopoé‘@@y TTI. In this method, the total
number of multiplexed L1/L2 control channels for uplink
and downlink (N’'y+N’p: a total number based on the most

15 efficient MCS) is reported for each TTI to user devices.
Although the MCS is adjusted every TTI for each user,
MCS numbers selected for respective user devices are not
reported. Therefore, the number of blind detection steps
is represented by 2xNycsx (N’ yg+N’p) .

20 With this method, although the number of blind
detection steps becomes even greater than that in method
2 (two times larger than that in method 2), the number
of bits of part 0 information can be further reduced.
Also, since the MCS is adjusted every TTI for each user,

25 method 3 makes it possible to use radio resources as

efficiently as in method 1.

(Method 4)
In method 4, the MCS of each user 1is not
30 adjusted every TTI, but is adjusted at longer intervals
and reported via an upper layer (e.g., by L3 control
information). Meanwhile, the number of multiplexed users

is reported for each TTI separately for wuplink and



channels for uplink and downlink (N'U and N',: values based on the most
efficient MCS) are determined separately and are reported for each TTI to
user devices. Although the MCS is adjusted every TTI for each user, 30

MCS numbers selected for respective useldevices are not reported.
Therefore, the number of blind detection steps is represented by
NMCSx(N'U+N'D). With this method, although the number of blind -66-
detectibr'stepsbecmmes fargredtercthah thetdn meshodd 1y e Aurmberlofnger

bits negessanstosrepresent the numberss of multiplexeddsl/L2 contrgbrefore,
channglrs can ti)g Sreglylcedbw'l'ehrus,cthist@efhogl is prefegg?laebi{\ terrens (ﬂ ed to
reducing%le AGmber of bits of paﬁrb m?ormatslon.pifso, since’ the McE'is
adjusted eVenf TT| ferescts ser, Method T ATEKEIM it pogsiblé §9 usedadio to
resourcgs asrefficiently as iyimgthod 4. 10 (Methed 13) Alsodnadnethat Srtheor
MCS of the L1/L2 contr nnel is.adjusted.every TTI. In this method, the
total ﬁtburrtl:gépjéf mu tipléz)?e%D?l/L%Oélotn]iégl chgﬁﬁglrsbéfg?upl?n ¢ an olv{/lr}flinkand
(N'U+NpYaltbtdl nimbet Basedon the #i6st1Zs efficikeht NIE S19S Fepsorfe i t
each MO4p uses devicesniAkkough thesMAQS isadjusted eveprtEbfof @achach
user, MGS ”c%m&%%rg %?A%%@Q for fespective User deyices are not. reported.. s,
Therefore, t%e number of blind detection steps is represente(ﬁ)y

HN.. RANEOIRES). 26 WiRRRTS methidd AItholigR thePRGRIBRT of i than or
detectionustepsdecomes even greater than that in method 2 (two times

larger than that in method 2), the,pumber of bits of pad Oyptormation can e,

further reduced. Also, since the MCS is adjusted every TTI for each user, 25
method 3 Makas itPosSible to'lise'raidfb redbhifdes'ds ¢ 1S possible to

make the number of bits of part 0 information smaller
15 than that in method 1. Meanwhile, since the MCS is not
updated frequently, the use efficiency of radio

resources may become lower than that in method 1.

(Method 5)

20 Also in method 5, the MCS of each user i1s not
adjusted every TTI, but is adjusted at longer intervals
and reported via an upper layer (e.g., by L3 control
information). Meanwhile, the total number of multiplexed
users for uplink and downlink is reported for each TTI.

25 As in method 4, since the MCS of each user is adjusted
only at 1long intervals, transmission power control is
preferably employed to prevent decrease 1in reception
quality due to instantaneous fading. In this method, the
total number of multiplexed L1/L2 control channels for

30 uplink and downlink (N’y+N’'p: a total number based on the
most efficient MCS) is reported for each TTI to user
devices. Therefore, the number of blind detection steps,

although it depends on the MCS, becomes less than or



efficiently as in method 1. (Method 4) In method 4, the MCS of each user is
not 30 adjusted every TTI, but is adjusted at longer intervals and reported
via an upper layer (e.g., by L3 control information). Meanwhile, the number
of multiplexed users is reported for eac® I separately for uplink and -67-
downlink. The MCS of each user is adjusted at longer intervals than in
methods 1 through 3. Therefore, transmission power control is preferably
emplogedad preveént téctéase in reception quality due to 5 instantaneous

fading. In this methgdnthe numbergef multiplexedislik2.contrebehiannely for n
uplink and downiink, ("0, and Np: values based on the most efficient MCS),
are de%ermlnec?sepat‘ate Yy anél are reportedef%r%agh Trﬁ O user devices.

The nimber of blind Hetdctionstegs, a0 alflfdughnit Bepeads 6n tHé csethod
becomes lessithan orcequahta:N'UsN'DuiVithghisxaethode since the MESrefe o
each user . is reported only at long.intervals, it is possible to make the
by oot PA 0 MM Ate Smaltar (o (i T hethi 1. e of
MeanWhile Siklee- e MTS BEREE upbattPiiéguertiit thétsé effGengfoPits
radio egsourges may hecoimedewenthar thatde meihod 2 -(Method 5) 28t in
Also iqﬂgkerg od p, the MCS of each user is not adjusted every TTI, but is
adjusted at longer intervals and reported via an upper layer (e.g., by L3

trol information). Meanwhile, the total number of multiplexed users for
uplink andtd@anlink is reported for each TTI. 25 As in method 4, since the

MCS of each user igadjusted, aly a1 1ng intervalss TARSIUSSIon POWel 5 o+
control is
adjusted every TTI, but is adjusted at longer intervals

and reported via an upper layer (e.g., by L3 control
15 information). In this method, the total maximum number
of multiplexed L1/L2 control channels for uplink and
downlink 1is reported for each TTI to user devices and
the maximum numbers of multiplexed L1/L2 control
channels determined separately for uplink and downlink
20 (Nymax and Nppax) are reported, via an upper layer (e.g.,
via a broadcast channel (BCH)), to user devices at an
interval longer than the TTI. Since the MCS of each user
is adjusted only at long intervals, transmission power
control is preferably employed to prevent decrease in
25 reception quality due to instantaneous fading. The
number of multiplexed L1/L2 control channels to be
reported for each TTI is represented by a total maximum
number (N’y+N’p) obtained based on the most efficient MCS.
In this method, relative mapping positions
30 (arrangement of radio resources) of wuplink control
information and downlink control information are
predetermined. For example, downlink control channels

for respective users are first mapped in sequence and



preferably employed to prevent decrease in reception quality due to
instantaneous fading. In this method, the total number of multiplexed L1/L2
control channels for 30 uplink and downlink (N'U+N'D: a total number based
on the most efficient MCS) is reported féPeach TTI to user devices.
Therefore, the number of blind detection steps, although it depends on the
MCS, becomes less than or 68 - equal to 2x(N'U+N'p) Since the MCS is not
updated frequentiynih  thizetdods v 0seé ffitiehcy of Padib résourees s are

substantigly dhe sameqpsthat in methad 4. Withonethagdox S, sincethe 15, a

number of multiplexed users isdr,eé)otrted collectively for uglink and daownlink,

the nulR&HSIobliRG HEtECtion Stépsindreddes, but the mimbat of BiS of part &
0 informsatiombecormessmaliet trdrethab in ‘méthod«4. 1os(Methed -6) 24150 drngh
method:6; thg MGSafeachiiseris qiot adiusted wvery THhbwis adijistac at n
IongerEieEjeyv I% anrlld regorted Vi an, upper layer (e. .kby IES cantr

ol
information) . nthlg%etﬁodl,stﬁe'tota maximum number of multipferx%ldnfllﬁﬁd

controf éKarintts ftRIpHAR ahe 8B/ Ak i3FEpBAed foreacly TR usetative
devicesaad rthegpaxigiwn numbersweinnyltiptexed Li/L2contralechannelsuce

determined s tely-for uplink wnlink .2 Umax and N~ax) are
t§8 RHELS J)%I %ﬂéé‘ o%”c‘?'eg%bé‘lk Etgpg\l

, via an upper layer (e.g., via a broadcast channel (BCH)), to user

reporte
d%&/ices atan inter¥al I6riger than therFRE STder e NRSS bedthtisst isines
adjusted ©ndy atlongnintetvalsi transaorission powerbeontieldsdareferably b1ind

employed fo preyent decreaseiin 25 receptipn quality due to, instapiangous o

fading. The

The user device does not have to perform blind detection
for areas not surrounded Dby dotted lines. Thus,
15 determining the relative mapping positions of uplink and
downlink control information in advance makes it
possible to reduce the number of blind detection steps

to be performed by the user device.
Since the MCS 1is not updated frequently in
20 this method, the use efficiency of radio resources is
substantially the same as that in method 4. With method
6, since the number of multiplexed users 1is reported
collectively for uplink and downlink, the number of bits
of part 0 information becomes smaller than that in

25 method 4.

(Method 7)
In method 7, a fixed MCS is used for all users
in a cell. In this method, the total maximum number of
300 multiplexed L1/L2 control channels for wuplink and
downlink 1s reported for each TTI to user devices and
the maximum numbers of multiplexed L1/L2 control

channels determined separately for uplink and downlink



number of multiplexed L1/L2 control channels to be reported for each TTl is
represented by a total maximum number (N'u+N'D) obtained based on the
most efficient MCS. In this method, relative mapping positions 30
(arrangement of radio resources) of upITrYIQ?:ontroI information and downlink
control information are predetermined. For example, downlink control
channels for respective users are first mapped in sequence and -69- then
uplink €ontrol ehdniels for FESpetlive tsers arel magpedinseqlenes. Inghe - /

example shawn i EHz 215, a-waapping ssheme, indisateddy " visallowad an

but a mapping scheme indjcated by " X." is prevented. Although 5 any
approﬁr%%)r%%rf)p%%ngc ren%%%rfhé%yt%a%t%at shown in FIG. 15 may be used,

it is necessary to déterrmefid 9% the midppirfy &Heme 1e advanted FrEng he
the relative snapping positionsds advance makesdbpessible @ seduce the the

numberof bling; detection steps. 10 10 FIG, 16, aregs surrqunded by dotted;
lines indicate in?ormation u%its to be ecoaea in blind detection in a casg

whereRSa=6MN,,, 28, dRd N N9 THe'nsérdeice Hoes not haveagion in
perforra_kjblmd:detemjgn fwtaf_eas mpt_s_mrr@undad_ byad@tesduael_s.M'Efw&;s used
deternpping the relative mapping,posiyens of yplink and. dewnlink C{I\’_Pg&é may
information in advance makes it possible to reduce the number of blind

détectisitsips toBeperfdired by e uBslrledice. Sieetirmcsismot the
updatedlfrnequenhiy mmmmhm,@m use eﬁ'@iﬁjwmfda_mmmsnwa@s or
substaptially the same as,fhet in.methad 4. Withapethad 6, since the number
of multiplexed users is reported collectlver:%/égr uplink and downlink, the
numberdfBite ot Parts FofMafith beebneSmanar thdh Bt -

15 <FIFTH EMBODIMENT>
As described above, when a MIMO scheme 1is
employed, the number of control bits necessary for
downlink data transmission information (downlink
scheduling grant information) including precoding

20 vectors, transmission formats, and HARQ information may
vary depending on the MIMO scheme selected. This 1is
because the number of streams, the number of code words,
and the number of frequency-selective precoding vectors
change depending on the MIMO scheme.

25 Here, for such downlink scheduling grant
information requiring a variable number of control bits,
it is preferable to select a channel coding scheme that
enables efficient transmission (which 1leads to higher
coding gain), fast decoding (in the fastest case, with

30 only one decoding process), and reduction of the number
of blind detection steps (by using a fixed or known
coding block size). Channel coding methods are outlined

above with reference to FIG. 6. In a fifth embodiment of



25 method 4. (Method 7) In method 7, a fixed MCS is used for all users in a
cell. In this method, the total maximum number of 30 multiplexed L1/L2
control channels for uplink and downlink is reported for each TTI to user
devices and the maximum numbers of‘rﬁﬂjﬁiplexed L1/L2 control channels
determined separately for uplink and downlink -70- (NUmax and Nur"ax) are
reported, via an upper layer (e.g., via a broadcast channel (BCH)), to user
deviceshat arpisteevdl lonigerthanthe TTEhASIE etlvod 67 it is possibitsto are
reducesthe- .5 pdamber of blinddeteetion steps to be performed by the user

device by determining, the relative mappin sitions of uplink and downlink
control information Ii_g:leqle?cfv\/a.ncd‘ggl.r\ﬁ/leth r%%?ﬁ%ﬁ scfﬁgé e s%erﬁkg?icfcsad Sis’®
used forElildsersStHeedse eficiency of idadio Feséureesanay Aessecone -

lower than other methods. However, since the number of multiplexed users

is repoe‘%gldrcgll%ceti%/}%/df)or uplink and downlink, the number of bits of part O

information becomes smaller than that in method 4. <FIFTH EMBODIMENT>
As described abové, \When & MIMCGschietite 1§ efployéd athéunier dfample
control-hiés aegegsaty for downlink-datadiamsimissionisdenmatiom (dawrlinkame
SChed%ﬁk%%ﬂé%mé%fé’,{%“'g%@r%é“df%gf precoding. 20 Veglors, ransmission. ¢
formats, and HARQ information may vary depending on the MIMO scheme
ddlectédeThisOR thedause hé humber 6PSfEants tRe nithhbér6RBGde TGRS L
and theawimbersef-feguentyrsetective-precoding:vectors, charge slepandingd,

on the MIMQ scheme gp Here Jfor,sych dgwnlink scheduling.orant .+ 5en 4
basic data size and an additional part. The basic data
size is determined such that the basic part can contain

15 all information necessary for the transmission of one
stream. The same channel coding scheme is applied to
users requiring only control information within the
basic part. If the number of streams is greater than 1,
an additional part is provided in addition to the basic

20 part. The data size of the additional part may vary from
user to user. Therefore, the additional part is coded
using different coding schemes for respective users (of
course, there is a case where the same channel coding
scheme is applied to some of the users by chance). When

25 receiving a control signal, the wuser device first
decodes the Dbasic part and thereby obtains control
information. Then, 1if it 1is determined that control
information for more than one stream is present for the
user device, the user device decodes the additional part

30 and thereby obtains all the control information for
multiple streams. With this method, a user device with
only one stream has to repeat the decoding process only

once. Also, this method makes it possible to improve the



information requiring a variable number of control bits, it is preferable to

select a channel coding scheme that enables efficient transmission (which
leads to higher coding gain), fast decoding (in the fastest case, with 30 only
one decoding process), and reduction o6f'the number of blind detection steps
(by using a fixed or known coding block size). Channel coding methods are
outlined above with reference to FIG. 6. In a fifth embodiment of -71- the
preserftdAvantiors chamhel egdingvmethodsare describeg i imorefdetaipntrol

Below; threechanpel cadingsmethodsfas the cdewalink scheduling grant
information are described. J (First method) FIG. 18 is a drawing illustrating an

example where a part of a control signal is coded using the same channel
coding(Setterne Beahesders and another part of 10 the control signal is coded
using different channel . coding sehemes toragspgctive usets:daanbfirstanother

methodx a cgrétrolhselgréal is dg/}%ed L£r1t% acboans%c 8§rt S\/\:lthh albasm 98‘ |zeSinq

and an additional part. The %asm; data “size is determiried such that the basic
part can:BoRtT 15 PiRfdrn RO Ae S63EAR¢ fdrthettanshirsioregPoR@other
streanpalhe sameichannelcoding schemea is applieddedusers requidingreniynt
control.information within the basic part. If the number of streams is greater

than 1(,: an a gitignaf grtglr;C proﬁéeg%n aéditi%n to the bass%c 20 part. The ond

data si¥eorthe ddHiticia varfiiay vargFrom deertd Gset. Therdtored,thethan
additiorted part is caeded asingrdifferenbcadingnschemestfor sespretive asershe

(of coupse, there is-a cage where the same channel coding schemeds, ¢
applied to some of the users by chance). When
transmission of onhe stream may vary. In the second

method, control information is divided into a fixed-

15 length part and a variable-length part that are

predetermined in the system. The fixed-length part may

include downlink resource allocation information and the

number of streams. The variable-length part may include

precoding information, transmission formats, and HARQ

20 information for all streams. Like the first method, the

second method also makes it possible to improve coding
efficiency.

FIG. 19B is a drawing used to describe methods

of decoding a downlink scheduling grant at the wuser

25 device in a case where a part of a control signal is

coded using the same channel coding scheme for all users

and another part of the control signal is coded using

different channel coding schemes for respective users.

30 Option 1: The basic part and the additional part are
decoded separately.
In this case, the additional part is mapped to

a control resource block the index of which is



25 receiving a control signal, the user device first decodes the basic part and
thereby obtains control information. Then, if it is determined that control
information for more than one stream is present for the user device, the user
device decodes the additional part 30 a‘nd3fhereby obtains all the control
information for multiple streams. With this method, a user device with only
one stream has to repeat the decoding process only once. Also, this method
makes it possbiaic irdprove thehg 2-ccoding effieiericy even WhER the9B, the
amoumtz0f control dnfarmatiopevaries tomiuser touser. E3ecandtmeitind)idnal
FIG. 195 a drawing llustrating another, pxample where, g part of g control. ..
signal §§'Coded’using the same channel coding scheme forall users and’
anothéil pakt ofthecdontréissighlPis €6ded dsirty 8ifferent chfitel €eding lock
schemesifer sespeativeausersr buaseeendrlhmethad,thedasie data size is
fixed and is smaller than that in the first method. In the first method, the
amount of control information necessary for the transmission of one stream

may VAR~ IR the’secdiftl ethod. eoAtrol iRformatibf is BRidetrintd Asfixernath
lengthpart anda ariabledepgibepart hat.are predetermined in the system.

The fixedlength pagtmay Jndlude, downlinls resoice llocation, infarmatign.;

and the number of streams. The variable-length part may include precoding

ihformBfi6h, trahsmisdiGe formatshand HARQ 26 Grformatontfor alPséamsnal
Likg th@ﬁf_st_metfnadptm sepan@bm@t_@ﬂdraismswamssk_b@ﬂssibdﬂt@knpm as
coding, effigiency; FIG. 198 is.a drawing ysed tg descpbe methods ofeoyurce
decoding a downlink scheduling grant at the user

block allocated to a shared data channel.

15 (Third method)

FIG. 20 is a drawing used to describe a case
where the channel coding scheme for a control signal 1is
varied from user to user. In the third method, the
channel coding scheme is basically determined for each

20 user (although there 1is a possibility that the same
channel coding scheme is used for all users because of
similar communication conditions). All control
information items including a wvariable amount of control
information regarding MIMO are collectively channel-

25 coded user by user. This method makes it possible to
lengthen the unit of channel coding for each user device
and thereby makes it possible to achieve high coding
gain.

FIG. 21 is a table comparing the first through

30 third methods.

FIG. 22 1is a table showing exemplary data

sizes of respective information items.

FIG. 23 is a table comparing the first through



25 device in a case where a part of a control signal is coded using the same
channel coding scheme for all users and another part of the control signal is
coded using different channel coding schemes for respective users. 30

Option 1: The basic part and the additio‘ﬂé'l‘part are decoded separately. In
this case, the additional part is mapped to a control resource block the index
of which is -73- predetermined. In the example shown in FIG. 19B, the basic
part isthapgedira fidst block endithe additionaln pakds mappedtdalsecondre
b:|0Ck |9%@Iﬁdfﬂﬁ>étltpy{ge ﬁ% .blocz:@ Assﬁg@q@cgmebloglﬁn@éﬁsc;wse lhc!%%b&)ls
allocated to a shared data.channel may.be use ption 2: The fixed-length,
et A S VARG dongi A 410 oo SRS A S e GrBiE om
shownfinFIER ADBNE DAsE 16 pareis magped 3 tive first Biockfarirtreeding
additionat paii is Brapped 4o enaredeterminganasourcedblogk stieh asna HARQ
control resource block or to a_part of a resource block allocated to a shared.
ot Pl LT b EIE 20%S o it uChs 10 T o adstin
wheredRéhahtel 0GR schémélter & ¢oRRbFsi§RANS vatietfrom aser fRta
user. laibhedhisd methaed, thec channelcoding:schemeds basically determined r

for ea%rkzos%%ro(f‘étho“ﬂb “}g{g Isg pogsihility,that th%ﬁém‘in%%%%eé_fggmgs
for all users

scheme is use ecause of similar communication conditions).

AR cortrdt 2iri6In QA0 itéMs TREILBIY- & Vafiable amotnt of cBRrgF - the CRC
informatian reganding MM Q arecoleetivelyachanneh25-codedasertby usersic

This method makes itpassiie 19, lepgthen the unitef channgleoding far scq
each user device
as the modulation scheme and the channel coding scheme
(MCS) for the downlink scheduling grant information. The
15 number of bits (B) of the precoding wvector information
and the number of code words Neogewora are varied as
parameters.
As shown in FIG. 23, when the number of
control bits of the precoding information is small (case
20 A), the overhead in the first method is slightly larger
than that in the second method but the difference 1is
ignorable. Meanwhile, the overhead in the third method
increases up to about 30% when the frequency band is 5
MHz and increases up to about 16% when the frequency
25 band 1is 20 MHz. When the number of control bits of the
precoding information is large (case B), the overhead in
the first and third methods becomes greater than that in
the second method.
The present invention is not 1limited to the
30 specifically disclosed embodiments, and variations and
modifications may be made without departing from the
scope of the present invention. Although specific values

are used in the above descriptions to facilitate the



and thereby makes it possible to achieve high coding gain. FIG. 21 is a table
comparing the first through 30 third methods. FIG. 22 is a table showing
exemplary data sizes of respective information items. FIG. 23 is a table
comparing the first through -74- third methads in terms of the number of
symbols. More specifically, FIG. 23 shows the number of symbols

necessary for the downlink scheduling grant information for each method in

a casewiiere tatlsizes of pretodingS mfGrmation) tramismidsien formats are
informatien, apddiARE: infermation asedixed manam@e mnmw obklindseq
detectlonlstetgs Irhthe examBIe h%wnrel n F % % zes sh%wr%ln FIGthe
22 are Used to Calculate the number o symbo Jrn Jt méth % ERE
informatiba s 1o dttached only t6 %ﬁ@bbmlpaﬁ@(ntdtﬁepmméltthé@ﬁetlonr
informatian is galcwatechbased on beth obthe ba&i@ pafiand the additiohal in
part) . QP d R=1/ uses ) th mod h me and the

channe é:nc% ngntsc réme%f(1 8§? or%tH ownlir qh d%uh%g ant~ °°° used
informafior THe" Hefmber ot bits {B§ of the p%dm&tmﬁﬂﬁhﬁ@rb?ﬁ andhe
the nusihercfodeswaeds Neodewosdhare yarieg asa parametersoAswshown or
in FIG, 23, when the number of control bits of the precoding information is
small (case 20 A), the overhead in the first method is slightly larger than that
ihthe second methBHebuPtTﬂ%S&ﬁErehBé?sm@ﬁéf%{b?é Medhwiiife; the claims
overhead trtheythirt-method dacreasespap o abonb 30% whiesnthelsequency -
band is e Mz and Ingregges up  ahous 16%auhen g raguanes 2s pandn

is 20 MHz. When the number of control bits of
Application No. 2007-073732 flled on March 20, 2007, the

entire contents of which are hereby incorporated herein

15 by reference.



precoding information is large (case B), the overhead in the first and third
methods becomes greater than that in the second method. The present
invention is not limited to the 30 specifically disclosed embodiments, and
variations and modifications may be made without departing from the scope
of the present invention. Although specific values are used in the above
descriptions to facilitate the -75- understanding of the present invention, the
values are just examples and different&/aidé® may also be used unless
otherwise mentioned. The distinctions between the embodiments are not
essential for the present i vengon,eS an( ghce. %rrpbodirsnegts may beausecrjno ile
individually or in combination. Eﬁhough Unctional biock diagrams are use
to desERFEapparattses insthetafove BHRBOdINTENts, THEMapperatusES b Bé /
impleraentediky hgrdware, software, or a combination of them. 10 The

present international application claims_ priority.from Japanese Pat :
pplication No. 2067 DOTBOP Had oot TR D, BO0T S Tabendas BoRHC
ApplicafiorrR®1 2007-8737325iletPén FrffEh 202007 She Uéhtird EdhteAtofor

whic_:h Ia@er@e!je&yoiﬂeqépomt@dmeralﬂ_e SAow@i%Peéme.tJGe&bAlMS lsA based
starion,used (1. /mabile commpicaton sysigm employing OFDM for

downlink, 5 comprising: a scheduler configured to determine allocation of
radlio resources for2afl? Sbframertiththat s 6f mbre ré8dlrcs Pideksrred
are allecatedre each of selesteth LUsehdeviees forccammupicationsn control

information to be mapped to radio resources distributed
across a system frequency Dband and specific control
information to be mapped to the one or more resource
15 Dblocks allocated to the each of the selected wuser
devices; and
a transmission signal generating unit
configured to generate a transmission signal by time-
division-multiplexing the common control information and
20 the specific control information according to scheduling
information from the scheduler, wherein
the common control information includes a
format indicator representing one of preset options that
indicates a number of symbols occupied by the common
25 control information in one subframe; and
the common control information includes
information wunits with a predetermined data size, a
number of the information units being less than or equal
to a specified multiplicity.
30
2. The base station as claimed in c¢laim 1,
wherein a paging indicator is included in one or more of

the information units at regular or irregular intervals.



10 a control channel generating unit configured to generate a control
channel including common control information to be mapped to radio
resources distributed across a system frequency band and specific control
information to be mapped to the one ormore resource blocks allocated to
the each of the selected user devices; and a transmission signal generating
unit configured to generate a transmission signal by time-
division-multiplexing the common control information and 20 the specific

control information according 0 seheduling oinformationsfreaythe scheduder, 2,
Whereir}lthe commor}lcor%tr(%l information includesfa\ fgrmat ipdicat I .

W reln eaF O he onﬁ]or.%ﬁr? O the, 1n ?rma%& n units
represenﬁng one of preset options that indicates a number of symbols

occupiet By tHe 6omrién 25 ¢oRtrol infeimation in dhesubffamedafd thaging
cCaMmMeRn contrad infarmationdinelides, information-units with a predetarnigednt

data size, a numbec{eof .thg |nf(9erm9£|9rilcuanﬂltlso%elrll ég%n thcain or equal to a

specified muﬁﬁoﬁ]éity. 302, The base station as claimed in claim 1, wherein a
paging indicator is included in one or more of the information units at regular
or irregular intervalg..3. The base stagonwaisoelaimed 41 elatsL, wheeginieach ,

of the gpe or;more, of ,t@%!;,“jfggm%%‘i%%iﬁ%ﬂ'”ciléd_"i% %1%88 Ing Indicatar, alsq, ¢
includes paging 5 indicator identification information that is different from
dser delite TREtfCatiS infGrmatiohC 47T he Basd station &% clsifmkerihcdair ™

1, whetein thexpaging indicaterds incladed inpa parteld 10dhe «ommenbm the

controk@gq&g@q@}yh&m{tssqledicated for the paging indicator and provided
aside from the

5. The base station as claimed in c¢laim 1,
15 wherein
for each subframe, combinations of modulation
schemes and channel coding schemes to be applied to the
information wunits provided for the respective wuser
devices in the common control information are selected
20 from a preset number of combinations; and
the specified multiplicity indicates, for each
of the combinations selected and separately for uplink
and downlink, a number of the information units in the
common control information to which the same combination

25 is applied.

6. The Dbase station as claimed in claim 1,

wherein
for each subframe, combinations of modulation
30 schemes and channel coding schemes to be applied to the
information wunits provided for the respective wuser
devices in the common control information are selected

from a preset number of combinations; and



information units. 5. The base station as claimed in claim 1, 15 wherein for
each subframe, combinations of modulation schemes and channel coding
schemes to be applied to the information units provided for the respective
user devices in the common control infoffiiation are selected 20 from a
preset number of combinations; and the specified multiplicity indicates, for
each of the combinations selected and separately for uplink and downlink, a
number of the inforirtation urfissinitheeommaniésatréllinidrmationitedwhiches

the samg-eembinationr 25 isgpplied. Bndheibasea station as ¢laimed incaimhe
L. wherein for.each subirame, combinatigns of modulation, 30 schemss and
channeflcodfing schemes to be applied o the "information units provi ed for

the respEgiveitzer de\icesintthe conmmoh dortret Informatioh argnséleetedPrs

fram agqareseiqiumbenaf cornkinations; and nédmtbe speaified midtphicity tnat

indicates segarately f;or %Iink a,gd downlink, a numbper of the in orn&ation
. .provibies a 1 St ransmission rate 1S a%? 1e To, the
units if the common control information In a_case where oné of the preset

numbé&tBTRR cothbirations f cefmbtiemation schemes and channel coding
schemes that provides a highest transmission rate is applied to the common

control information.7. Tpg JDage station aalsi%%\imgg incglgilré] e]ﬁ 110nWQ:elr§i.lqnfor1
each subframe, combinations of modulation schemes and channel coding '
dchentéeb& applied to the information units provided for the respective

user for each subframe, combinations of modulation
schemes and channel coding schemes to be applied to the
information units provided for the respective user
devices in the common control information are selected

15 from a preset number of combinations; and
the specified multiplicity indicates,
collectively for uplink and downlink, a total number of
the information units in the common control information
in a <case where one of the preset number of the
20 combinations of modulation schemes and channel coding
schemes that provides a highest transmission rate is

applied to the common control information.

8. The Dbase station as c¢laimed in claim 1,
25 wherein
the common control information is transmitted
for each subframe as lower layer control information;
MCS information indicating a combination of a
modulation scheme and a channel coding scheme to be
30 applied to the common control information is transmitted
as upper layer control information; and
information indicating a maximum number of the

information units in the common control information 1is



devices in the common control information are selected from a preset

number of combinations; and the specified multiplicity indicates, collectively
for uplink and downlink, a total number of the information units in the

common control information in a case whére one of the preset number of the
20 combinations of modulation schemes and channel coding schemes that
provides a highest transmission rate is applied to the common control
informatioRr8eThe bseastation asiclairded i elaindewas Wwherein the
common control information is transmitted for each subframe as lower layer
control information;9 Mc&ierﬁokr)rygtions'nggaoting acon bairi1ati%n ofna laim 1
modulation scheme and a channel co ing schema to bé 30 apﬁhed fothe
commBATORI information is transmitted as upper layer control information;
and information indigating @nmaxinumorgnbenebthes tifermation-unitssinithee d

commen copiro) infarmation is .79 Jeported separaialfor unlinkand.; o,
downlini)(. 9. ‘?‘ﬁe base station as claimed in %ﬁilm 1, wherein 5 the common

control information Y& fransrhftgtp foreacH subsrameasiiower ryet comtroPt 2
informatian;. MESrninfernatien iadigating arcombinationdaiha; medukation to be

scheme.gq a.channel odingscheme fo.be epplied o the conmon soniel oq

information is transmitted 10 as upper layer control information; an
ihformafioHiRGiEatiAg atofa HurRber-of the"driforMatidAUnits in the common
control information is) feparted @ollectivetstormplink anrd downlink<O. dhe the

base SE%%Qﬂgg%imegnigt%ai%l’the common control information is

reported collectively for uplink and downlink.

15 10. The Dbase station as claimed in claim 1,
wherein
the common control information is transmitted
for each subframe as lower layer control information;
MCS information indicating a combination of a
20 modulation scheme and a channel coding scheme to be
applied to the common control information is transmitted
as upper layer control information;
information indicating a maximum number of the
information units in the common control information to
25 be transmitted in a given subframe is reported
separately for uplink and downlink via Dbroadcast
information;
information indicating a total maximum number
of the information units in the common control
30 information to be transmitted in each subframe 1is
reported collectively for uplink and downlink; and
relative positions of uplink control

information and downlink control information 1in the



wherein the common control information is transmitted for each subframe as
lower layer control information; MCS information indicating a combination of
a 20 modulation scheme and a channel coding scheme to be applied to the
common control information is transmittéd as upper layer control information;
information indicating a maximum number of the information units in the
common control information to 25 be transmitted in a given subframe is
reporte@separatelyfor Lplink artedownlink viachoddicastinfoimation;
information indicating a total maximum number of the information units in the

common control 3 ;Lnfor@haetiog to be transmitted in ealcgi%ubolrame is

. . age, st on S ed. 1n lai 1,
reported collectively tor uplink and downﬁnl%; and relative positions of:upllrrﬁ(

controlligferitation and downlink control information in the -80- common

cantrol information are pragetermined 1.1 The basestation assclaimedin tted

claim 1., wherein ., ine commen control infoymation s iansmitied. for eagh

subframe as Tower E;lyer contrpfin Qrmatlon;%/len]?ormatlon Indicating a
maximum number éfthetiRforatatioh dHifin'the corfimbhreBhtrolirRFmatorhe
to be transmitied im a givierssubframesis trepaded ckhseparately forsplindh  to

and d%‘%”””lée%%?mﬁ%%?t Information; infarmation ipdicating atotal ¢ g
maximum number of the information units in the common control information
to’he tPEASTRIER A eatRSUbHEMES repdtted ColEctiviely fortplinkaAgdcast

downlinkfamalation;
information indicating a total maximum number
of the information units in the common control
information to Dbe transmitted in each subframe 1is
15 reported collectively for uplink and downlink; and
relative positions of uplink control
information and downlink control information in the

common control information are predetermined.

20 12. The base station as claimed in claim 1,
wherein transmission power control is performed for each
user device at least for transmission of the common

control information.

25 13. The base station as claimed in claim 1,
wherein a fixed transmission format is used for
transmission of the common control information to some
user devices in a cell and various transmission formats
are used for transmission of the common control

30 information to other user devices in the cell.

14. The base station as claimed in claim 13,

wherein the some user devices are those located at a



relative positions of uplink control information and downlink control
information in the common control information are predetermined. 20 12.

The base station as claimed in claim 1, wherein transmission power control

is performed for each user device at lea%t for transmission of the common
control information. 25 13. The base station as claimed in claim 1, wherein a
fixed transmission format is used for transmission of the common control
informatién t6 $@tne user devices in a cell and various transmission formats
are used for transmission of the common control 30 information to other user
devices in the cell. 14. Tq%ga%eastgti%r%% .cl%imeg inC Igimel , iWheéﬁiargithe 1
some user devices aré those located at a -81- cell edge. 15%The base Stafion
as claified fiiélaint 0 Wikereiniédimtislanformatiée for exthlusel device dsvice

ineludes albasic part having g size less/than or equad to a hasicrdata size-afnd 1
an addcitional %aré,.l%nd thF: basic part and the aglj(gtiigrilal part are

a a data 1 n an_a ona rt, .an the
channel-code separately. 10°16. Tﬁe%ase station as claimed in claim ,

whereflfPthebaBit'data 8iZe isfixed andltis 96ss th&A Bt d&&ASizEHFthE toRferd
informatipa of aaysaf the user devices. 17. The base station as claimed in
claim 1, wherein a unit of channel coding varies from user device to user
device. 18. A method used by a base station in a 20 mobile communication

system employing @EDM fSr dofiflink “#fié FRetRdd Edmpiizthgthe Stép<iofl >/

wherein the basic data size is fixed and is less than a
data size of the control information of any of the user

devices.

15 17. The base station as claimed in claim 1,
wherein a unit of channel coding varies from user device

to user device.

18. A method used by a base station 1in a
20 mobile communication system employing OFDM for downlink,
the method comprising the steps of:
determining, by a scheduler, allocation of
radio resources for each subframe such that one or more
resource blocks are allocated to each of selected user
25 devices for communications;
generating a control channel including common
control information to be mapped to radio resources
distributed across a system frequency band and specific
control information to be mapped to the one or more
30 resource blocks allocated to the each of the selected
user devices; and
generating a transmission signal by time-

division-multiplexing the common control information and



determining, by a scheduler, allocation of radio resources for each subframe
such that one or more resource blocks are allocated to each of selected user
25 devices for communications; generating a control channel including
common control information to be mapped to radio resources distributed
across a system frequency band and specific control information to be
mapped to the one or more 30 resource blocks allocated to the each of the
selectéd cuserdevices; ard-generatifng dAaransmission sifnad bytimeheduling
divisionnyltiplexing the semmen Lontral infermatierand -92- the specific
control information lgfl}c{‘gord(i:rg)(?;mtno rslc;he%%l.@rgo 'nforir;l@ti% éll‘r'to.rg r’ghe sgg?ggleeg,
wherein the common control information includes a format indicator
represéptifig one efreset opions ieatt siAdieatesd nehftFea ofayilssls that
occupiggday the:eommeningantrobinfosnatien én one-syhtkameandibe common
common I?@P[g@' inr}‘%mati%rjnr (i)ncltfgle% niQfosrlrlnbagpépmur]itsa W(ijth a predetermined
data size, a number of the information units beingﬁéss than or equal 10toa
specified multiplicitf£9. ATRERefevice 08&d 1 a mobfle reGmhtihicationry L udes
system emplayingoQFDMfos downlink, acoppsisings anieceivingauniit size, a
configyred to,receive,a sigpalthat ingludes a.cqpiral ehapoel ingluding. ¢q,01
common control information mapped to radio resources distributed across a
Systent fregjueney batfefadd SpékifitCébntrol information mapped to one or
more resource 20 blocks allocated to each of selected user devices; a

separating unit Conﬁgltlred fo separgte thc?evice used in a mobile

communication system employing OFDM for downlink,

a

comprising:

15 a receiving wunit configured to receive a
signal that includes a control channel including common
control information mapped to radio resources
distributed across a system frequency band and specific
control information mapped to one or more resource

20 blocks allocated to each of selected user devices;

a separating unit configured to separate the
control channel and other channels from the received
signal; and

a control channel decoding unit configured to

25 decode the common control information and the specific
control information, wherein

the control channel decoding unit is
configured to analyze a format indicator in the common
control information to determine a number of symbols

30 occupied by the common control information in one
subframe, the format indicator representing one of
preset options that indicates the number of symbols;

the control channel decoding unit is



control channel and other channels from the received signal; and a control
channel decoding unit configured to 25 decode the common control
information and the specific control information, wherein the control channel
decoding unit is configured to analyze afofmat indicator in the common
control information to determine a number of symbols 30 occupied by the
common control information in one subframe, the format indicator
represeptingohecof preset bptivns thatlindicatesthe imbeamdiosymibalen thieor

controt ghanpgkdecadingdnit is; -83neanfigured to detgrminewhgthercontrgh
informati(%gltor the user d vicveuiscﬁlncludedeige%ryrgggeoém Itﬂiple informationhe

. 1 mation uni a r silze 1 T
units Wlﬂ‘l a preaetermlne aata Size In ﬁWG common contro?ln?ormatlon ﬂy

decodiRjfFR commivoRS Eontialfinfataiation using afredetertinéd decsdifgon
schemestor tpito a pumbes of simesupdicatediby arspecitied multiplicity:-anéng
if the conrgrol inf0£mation for.the user device is 'krt;clgéded, the user d%:/ige ig

. SC me, (@] to a numper O me 1in cate a
conﬁguredetp identi i ‘0ne or more resource locks aﬁocatedltot e user
deviceSbased 6AIhBEbhimdl irfféifndatiéA and to demodulate the identified one
or more resource blocksHe extract aldata rehannelo20 rthe tiser dediceRs i ce

claimed.in claim 12,, wheyein L?s%%gi%%iv”l%%at%isé'%ﬁ%?;éﬂ JAQne or mare.afe.,
the information units at regular or irregular intervals. 21. The user device as
d4imeefif GainT'20° 2PRABFSIR Sathofthd o8 Rfbré Of the inféfhatien 1 ce

units instudingthetpaging indicdtori alsodnelutdes pagingt indidatoiulate the
Idaﬂﬁ@@@R@ﬂ%@%@agggtg?tﬁéygegggource blocks to extract a data

channel.

15 20. The wuser device as claimed in claim 19,
wherein a paging indicator is included in one or more of

the information units at regular or irregular intervals.

21. The wuser device as claimed in claim 20,

20 wherein each of the one or more of the information units
including the paging indicator also includes paging
indicator identification information that is different

from user device identification information.

25 22. The user device as claimed in claim 19,
wherein the paging indicator is included in a part of
the common control information which is dedicated for
the ©paging indicator and provided aside from the
information units.

30

23. The wuser device as claimed in claim 19,
wherein

for each subframe, combinations of modulation



from user device identification information. 25 22. The user device as claimed
in claim 19, wherein the paging indicator is included in a part of the common
control information which is dedicated for the paging indicator and provided
aside from the information units. :30 23.°fhe user device as claimed in claim
19, wherein for each subframe, combinations of modulation -94- schemes

and channel coding schemes to be applied to the information units provided
for thesrelspeetiverDSerclievites in e eonmrdscoatroPinfsrnitiohi@e to the

selected fremaa presetinumber gf-cambinationsrandithespacifiad ve user
multiplciiciy.indicates, r%r each of the combin?tions selectce.d and separa&el\t/
ices, in '.the compon ntr information, are seletted
for upllni and downlink, a Aumber of the m_?ormarflon units in the common
controf Ff8rmMatidi® &6 Which iR sarheceohbitation” i agplied. 10 24. The

user device as claimed iBgtaiinr 194 whereinofor each subirafees, for each
combln%tlo%eof mo%ulra}g n schegneels and(gh%rﬁ el ggdénrgals_%Qem%soto be link

) . . t .
applle8 fo the 15information units pr(e)\(;ldee for the regpectlve ser devices in

the coritforiedhtréFihformaliRfé selfectef front apreSePRumbeFsf in the
combinatians; anshtheospegified midtiplicitydndicates, tseparately fomuplink i on
and dolvgnl(jﬂ)l%jfiglémber of the 20 information units in the common control
information’in a case where one of the preset number of the combinations of
rhbdulation schemes and channel coding schemes that

24. The user device as claimed in claim 19,

wherein
for each subframe, combinations of modulation
schemes and channel coding schemes to be applied to the
15 information wunits ©provided for the respective user
devices in the common control information are selected
from a preset number of combinations; and
the specified multiplicity indicates,
separately for wuplink and downlink, a number of the
20 information units in the common control information in a
case where one of the preset number of the combinations
of modulation schemes and channel coding schemes that
provides a highest transmission rate is applied to the
common control information.
25
25. The user device as claimed in claim 19,
wherein
for each subframe, combinations of modulation
schemes and channel coding schemes to be applied to the
30 information wunits provided for the respective wuser
devices in the common control information are selected
from a preset number of combinations; and

the specified multiplicity indicates,



provides a highest transmission rate is applied to the common control
information. 2 5 25. The user device as claimed in claim 19, wherein for each
subframe, combinations of modulation schemes and channel coding

schemes to be applied to the 30 infornTation units provided for the respective
user devices in the common control information are selected from a preset
number of combinations; and the specified multiplicity indicates, -85-
collectively: fortuplinkvarfe downlink ka otal riambér ok the infermationokitsinc £

the comaon geptrphinfermation: in a,casewhesgrone efdhepresetriwnhet 0bn
the combinations of mogulation schem%s ang channel codin%S schem

in.  a ase ere . one oI . the . eset rnumber o the
that provides a%l_gshestv{ransmlssmn rate is appllepdrto the common control .
informafiBh126.-The usetideviedds Elaiedsin clams 19" Whefeim18lthecoding
canmencanddl infarmationisitiarsmitteg foreeach subframe asdawerdayer i s
control infqrm tiotn' MlCS information i@dic?tingta compination of a

a ie d commorl control 1THfOormgtlion. .
modulafibn scheme and a channel coding scheme 10 be applied to the
common control information is transmitted as upper layer control information;
and information indicatingremaxismisumnber akthe 1ifarsaation usits imthes,
common control information is reported separately for uplink and downlink.
20 27. The user device as claimed in claim 19, wherein the common control
ihformation is transhiifted T8 eAcH- Stibframe dsf oWt iager contrpFansmitted

informatiengach subframe as lower layer control information;
MCS information indicating a combination of a
modulation scheme and a channel coding scheme to be
applied to the common control information is transmitted
15 as upper layer control information; and
information indicating a maximum number of the
information units in the common control information is

reported separately for uplink and downlink.

20 27. The user device as claimed in claim 19,
wherein
the common control information is transmitted
for each subframe as lower layer control information;
MCS information indicating a combination of a
25 modulation scheme and a channel coding scheme to be
applied to the common control information is transmitted
as upper layer control information; and
information indicating a total number of the
information units in the common control information is

30 reported collectively for uplink and downlink.

28. The wuser device as claimed in claim 19,

wherein



MCS information indicating a combination of a 25 modulation scheme and a
channel coding scheme to be applied to the common control information is
transmitted as upper layer control information; and information indicating a
total number of the information units inth& common control information is 30
reported collectively for uplink and downlink. 28. The user device as claimed

in claim 19, wherein G6- the common control information is transmitted for
each subframe as loer fyereonohibformatioh WES inforhfatiphansmitted

indicating accombigatien ofa sodulation seheme-and achamye) cading n ;

scheme to be 5 ap@fte tot e common clor%rgl |r]g‘ormat|onc|gmt£alr}15antn{toed g% N

upper layer control information; information m&ﬁ:aﬁﬂa aamaX|mum number o
the inferAiativhi@aits #F iR eon¥mdn eonfroRmiGrmatioA 16 Shetfaesiittédinbe
a givegspbframe: is neporteshik separatelyifor upirkanddownlink\Wasmitted

broadcast informﬁtion' infor atiop indi ating a total maximum number of the
r . layer contro 1n§br t1ion

information units in ‘tﬁe common control information to be transmitted in each
subframe is reportéd tofBetvely fardplik-and dewnfinkMafAd reralge of the
positionsfeftiplinkeontrol 1sfotmattoreantdaawvmlirk aarisol informationinthe: o

commg@n CO@%%'JQ&%Q“%‘&’F‘ are predetermined. 20 29, The usey devige as . 4
claimed in claim 19, wherein the common control information is transmitted

fof eadiFBabftafeYas [6%/er ldjet tohtrofRformatsn;: imformaticn inBicatingas
maximit sinaharcef;the

information indicating a total maximum number
of the information units in the common control
information to be transmitted in each subframe 1is

15 reported collectively for uplink and downlink; and
relative positions of uplink control
information and downlink control information in the

common control information are predetermined.

20 29. The wuser device as claimed in claim 19,
wherein
the common control information is transmitted
for each subframe as lower layer control information;
information indicating a maximum number of the
25 information units in the common control information to
be transmitted in a given subframe is reported
separately for uplink and downlink via broadcast
information;
information indicating a total maximum number
30 of the information units in the common control
information to be transmitted in each subframe 1is
reported collectively for uplink and downlink; and

relative positions of uplink control



25 information units in the common control information to be transmitted in a
given subframe is reported separately for uplink and downlink via broadcast
information; information indicating a total maximum number 30 of the
information units in the common control diformation to be transmitted in each
subframe is reported collectively for uplink and downlink; and relative
positions of uplink control -87- information and downlink control information in
the comiormedrited! inforfhatibivare. predetemirred. 30! Thierasercdevice asthe
claimegdipnclaine 49t 2 whereincontiol infermationde herreceived by the user
device includes a basic part having a size less than or equal to a basic data
size and an additional part, and the basic part and the additional part are
channel-coded sepdtateRa0BIeThetisereevice &S eidirtedd im clak 3o, 19/
whereimthe-hasicdatarsize is:fixechandds less than acdatavsize pi/thercontreb r
information of any of the user devices, 15 82, Ihe iser, devige ag damsd n o,
claim § wherein a unit of channel copd?ng varies from user device to user
device® 20P33. Yo methotPased By & UsE? Hetitd it meBile IcommuRicationand
system iemplaying @EPM foradawelinkdeemprisingothecsteps ofheecebing aded
signal %%taiggl%ile acontrol channel including common control information
Tgppe o 25 radio resources distributed across a system frequency
31. The wuser device as claimed in claim 30,
wherein the basic data size is fixed and is less than a

data size of the control information of any of the user

devices.
15
32. The user device as claimed in c¢laim 19,
wherein a unit of channel coding varies from user device
to user device.
20 33. A method used by a user device in a mobile

communication system employing OFDM for downlink,
comprising the steps of:
receiving a signal that includes a control
channel including common control information mapped to
25 radio resources distributed across a system frequency
band and specific control information mapped to one or
more resource blocks allocated to each of selected user
devices;
separating the control <channel and other
30 channels from the received signal; and
decoding the common control information and
the specific control information, wherein

in the decoding step, a format indicator in



band and specific control information mapped to one or more resource

blocks allocated to each of selected user devices; separating the control
channel and other 30 channels from the received signal; and decoding the
common control information and the sp‘é@iﬁc control information, wherein in
the decoding step, a format indicator in -88- the common control information

is analyzed to determine a number of symbols occupied by the common
controklisfoapation irrené subfranie the fomnatiindieatory FSstesentitrfene bfie

presetoptionsthat indicatesmthe H nuBtgyiRfsymbols; ir the gleeeding stepso1

whether %or}'%%l in(;‘grm_atlon for the ulslgerfde}{llge is l{}%Udep in any onlengolfCator

muItileenln?orma lon unltlsnwiti?%epreée Fmined data size i?ﬁﬂe common
controF FRGIMA&EGH RIdetermined Iy $0lecodihgINg commtonidohifsites the
informatien aising aspredetermined decoding scheme for up to a number of

times |nd.|cat('-:-d'by a spec;cfﬁzg muclfle;)élggyhand if t,pg (iontrcv)qlhlnft rrenratloncfgrr] y}% 1
user device is mcluéled, one or more resource [g)loc%s allocated to the user

devicel@rerigentified baséd bAthe eBatréleint6mation'and e ilehtified gnene
or mor@ﬂgﬁammﬁpmockgfafﬁwmdulatactm_e»ﬂtactaa _Ciﬁtacﬁélﬁélmh% Theta
base statjon a5 clgimed ip claim 1, 20 where %HB%%ﬁfﬁ?rSl%‘”%Cea\E%‘E Qg o,
common control information constitute mu '[Ip e COI’]'[I’O resource bloc S each

ihEludifgGitE BF mor 6f the SBEeArriefS Ant WhenthePedmdi contrdt 9 2

informatien ¢s arappedt 250 miltiple ©HRMssymbols, gach of the camtralr of
reSOUrCe€res indicated by a specified multiplicity; and

if the control information for the user device

is included, one or more resource blocks allocated to

15 the wuser device are identified based on the control

information and the identified one or more resource

blocks are demodulated to extract a data channel.

34. The base station as claimed in claim 1,
20 wherein
subcarriers allocated to the common control
information constitute multiple control resource blocks
each including one or more of the subcarriers; and
when the common control information is mapped
25 to multiple OFDM symbols, each of the control resource

blocks is mapped to all of the OFDM symbols.

35. The user device as claimed in claim 30,

wherein
30 the channel-coded additional part of the
control information 1is mapped to a control resource
block or a part of a resource Dblock allocated to a

shared data channel; and



blocks is mapped to all of the OFDM symbols. 35. The user device as
claimed in claim 30, wherein 30 the channel-coded additional part of the
control information is mapped to a control resource block or a part of a
resource block allocated to a shared daf2channel; and -89- the
channel-coded basic part of the control information and the channel-coded
additional part of the control information are decoded separately.
the channel-coded basic part of the control
information and the channel-coded additional part of the

control information are decoded separately.





