-1- SPECIFICATION TITLE OF THE INVENTION BASE STATION DEVICE AND
COMMUNICATION CONTROL METHOD TECHNICAL FIELD The present invention relates to a
radio communication system. More particularly, the present invention relates to a base station 10
apparatus and a communication control method. BACKGROUND ART 3GPP thatis a
standardization group of W-CDMA is studying a communication scheme that 15 becomes a successor to
W-CDMA and HSDPA, that is, 3GPP is studying Long Term Evolution (LIE). As radio access schemes,
OFDM (Orthogonal Frequency Division Multiplexing) i béing-3thdied for downlink, and SC-FDMA
(Single-Carrier FrequeridyrDivision 2OEMulfiplNAECRss) is being studied for uplink (refer to non-patent
document 1, for example). OERM is srschemefor dividingma freguengy-handinto a plurality of
narrow frequency bands(swhearriges)s9-as to perform transmission by 25 carrying data on each
subcarrier. By arranging the subcarriers on frequencies densely without interfering with each other while a
part of them overlap, high speed transmission is realized so that efficiency of use of frequency increases.
30SC-FDMA is a transm can decrease interference among terminals by dividing
frequency band and performing trandinissioregsing freguenty dands thatsre différent dirong a plurality of
terminals. Since the SC-HDMA hastchatacterstics. 35 thate/asiation of transmissiar power becomes small,

low power consumption inthetermingal and wide coyerage-canbe £ealizeds « i on

10 apparatus and a communication control method.

BACKGROUND ART
3GPP that is a standardization group of

W-CDMA is studying a communication scheme that

15 becomes a successor to W-CDMA and HSDPA, that is,
3GPP is studying Long Term Evolution (LTE). As
radio access schemes, OFDM (Orthogonal Frequency
Division Multiplexing) is being studied for downlink,
and SC-FDMA (Single-Carrier Frequency Division

20 Multiple Access) 1is being studied for uplink (refer
to non-patent document 1, for example).

OFDM is a scheme for dividing a frequency
band into a plurality of narrow frequency bands
(subcarriers) so as to perform transmission by

25 carrying data on each subcarrier. By arranging the
subcarriers on frequencies densely without
interfering with each other while a part of them
overlap, high speed transmission is realized so that
efficiency of use of frequency increases.

30 SC-FDMA 1is a transmission scheme that can
decrease interference among terminals by dividing
frequency band and performing transmission using
frequency bands that are different among a plurality
of terminals. Since the SC-FDMA has characteristics

35 that variation of transmission power becomes small,
low power consumption in the terminal and wide

coverage can be realized.



-2-- LIE is a system in which a plurality of user apparatuses share one or more physical channels
in the uplink and the downlink for performing communication. The channel shared by the plurality of user
apparatuses is generally called a shared channel. In LIE, the channel is the Physical Uplink Shared
Channel (PUSCH) in the uplink, and is the Physical Downlink Shared Channel (PDSCII) in the downlink.
10In the communication system using the above-mentioned shared channel, it is necessary to signa.l
information indicating- which user apparatus is assigned the shared channel for each subframe (1 ifs in
LIE). In LIE, a control channel used fof the 15&ighatingis called PRysicaPbBwalink Control Channel
(PDCCH) or called Downlink lat/b2 Contrat Charmed (Db ¢ 1412 ControbChannel). Informatioa of the
physical downlink contrph charneldncludes,far example, downlink {bL) selredulingsinformation, 20

acknowledgement information, (ACKINACK),uplink (Y} s¢heduling grant, qverlgad jndicator,
transmission power corgt£olucsommaandabit ndstehe Ii.lkse r%fr% fo Tgn-p@%qted cgm%rétrz glor example). The
DL scheduling information and the D25 s¢ edsuling ant corréespond to the information for signaling

which user apparatus i§ 388iyfiéd the Shared chatet. Bt schedufing drhiatior inctdtes, for
example, assignment iffofratoR of Fesourde Bigeks in downfink ADLofFUE2tHe Avmberof 30 streams,
information on precodirghvedtoy Idata wize] modulatierischeme cinforaration)on HARQ (hybrid automatic
repeat request), and thgdike with.respect to the downlink shared channel. The UL scheduling grant

includes, for example, assignment_in{%rn%q,ltgonc%%%Eeisgég{ci%plo%g E%Hpﬁns,km@ qf,LE, data size,

modulation scheme, uplink transmission power information, demodulation reference signal in uplink -3--
%Eove—ment%ongg gkared c%annéﬁ, Qt Es necessarygto P

signal information indicating which user apparatus
is assigned the shared channel for each subframe (1
ms in LTE) . In LTE, a control channel used for the

15 signaling is called Physical Downlink Control
Channel (PDCCH) or called Downlink L1/L2 Control
Channel (DL L1/L2 Control Channel). Information of
the physical downlink control channel includes, for
example, downlink (DL) scheduling information,

20 acknowledgement information (ACK/NACK), uplink (UL)
scheduling grant, overload indicator, transmission
power control command bit and the like (refer to
non-patent document 2, for example).

The DL scheduling information and the UL

25 scheduling grant correspond to the information for
signaling which user apparatus is assigned the
shared channel. The DL scheduling information
includes, for example, assignment information of
resource blocks in downlink, ID of UE, the number of

30 streams, information on precoding vector, data size,
modulation scheme, information on HARQ (hybrid
automatic repeat request), and the like with respect
to the downlink shared channel. The UL scheduling
grant includes, for example, assignment information

35 of resource blocks in uplink, ID of UE, data size,
modulation scheme, uplink transmission power

information, demodulation reference signal in uplink



MEMO, and the like with respect to the uplink shared channel. In the following, communications
using the uplink shared channel are described. As mentioned above, in the uplink, the base station
apparatus selects, in each subframe (every 1 ms), a user apparatus which performs communication using
the shared channel, and instructs the selected user apparatus, by using the 10 uplink scheduling grant, to
perform communication using the shared channel in a predetermined subframe. The user apparatus
transmits the shamed channel based on the uplink scheduling grant. The base station apparatus receives

the shared channel 15 ¥taHSmittet froRttheliuserapparatas Parnd decodésthelchdhhet e d

above-mentioned processimg f0r .selecting a user apparatus which performs communication using the
shared channel is called scheduling processing. 20fNan-paternttlecument 13 36RR TR;2%.844 (V7.0.0),

"Physical Layer Aspects for. Eyolygd JUTRA, ' June,2006. [Nan-patent document 2] R1-070103, Downlink
L1/L2 Control Signaling Channel Strgcture:n%q%ilnlg(ﬁNo -Cpatent.docuhment SJ]tSCiP 1-071654, NTT 25
' n a

P
DoCoMo, Mitsubishi Electric, Sharp, ransmission Interval df C,lerﬁ.otm?orlrl’ﬁ ion ih Iét RA Downlink",

March, 2007 DISCLOSURE GF THECINVERTION" 30 PROBEEM TO BESOEVED BYSTHE INVENTION
However, the above-méaticried Baskground techniguirehas thes followiiy probferams It is proposed
that the L14L2 control channeh includesisarsalied par Gsinforawationa(Cat.0, and

instructs the selected user apparatus, by using the
10 uplink scheduling grant, to perform communication
using the shared channel in a predetermined subframe.
The user apparatus transmits the shared channel
based on the uplink scheduling grant. The Dbase
station apparatus receives the shared channel
15 transmitted from the user apparatus, and decodes the
channel. The above-mentioned processing for
selecting a user apparatus which performs
communication using the shared channel is called
scheduling processing.
20 [Non-patent document 1] 3GPP TR 25.814 (Vv7.0.0),
“Physical Layer Aspects for Evolved UTRA,” June 2006
[Non-patent document 2] R1-070103, Downlink L1/L2
Control Signaling Channel Structure: Coding
[Non-patent document 3] 3GPP, R1-071654, NTT
25 DoCoMo, Mitsubishi Electric, Sharp, “Transmission
Interval of Cat.0 information in E-UTRA Downlink”,
March, 2007

DISCLOSURE OF THE INVENTION
30 PROBLEM TO BE SOLVED BY THE INVENTION
However, the above-mentioned background

technique has the following problem.
It is proposed that the L1/L2 control
channel includes so-called part 0 information (Cat.O
35 information) which is the radio resource amount of
the L1/L2 control channel (refer to non-patent

document 3, for example). Further, it is agreed



35 information) which is the radio resource amount of the L14L2 control channel (refer to non-patent
document 3, for example). Further, it is agreed -4-- that, in terms of the transmission interval of the part O
information, the part O information is transmitted every lIl. However, mapping positions of the part
0 information in the time - frequency domain are not studigg. In view of the above-mentioned
problem, an object of the present invention is to provide a base station apparatus and a communication
control method 10 that can report a radio resource amount used for a control channel. MEANS FOR.
SOLVING THE PROBLEMt, 1n tepygrdet té doefcometheabove probteiria s ohetdspect of the
present invention relatesatota base Statiomtapparatuscusedrin & mobile coatmmuanication system to which an
OFDM scheme is applied dn dewnlisk, iacludingt-arscheduler configured to perform 20 assignment of
radio resources to a user apparatus for.each, subframe; ., ;& egpttol.ghannel generagion unit
configured to generate a cfontrol channel fo%{l%portln% a regglé of g%hed C!lng by the scheduler to 25 the
user apparatus; and |ng unit con gured to maﬁqﬂ'ne control channel and a data channel,
wherein the control mfo?ﬁié‘?lbﬁqncludes information indicating a. radio resource amount used 30for the
control channel., and In view of the above-mentioned problem, an

object of the present invention is to provide a base

station apparatus and a communication control method

10 that can report a radio resource amount used for a

control channel.

MEANS FOR SOLVING THE PROBLEM

In order to overcome the above problem,

15 one aspect of the present invention relates to a
base station apparatus used in a mobile
communication system to which an OFDM scheme is
applied in downlink, including:

a scheduler configured to perform

20 assignment of radio resources to a user apparatus
for each subframe;

a control channel generation unit
configured to generate a control channel for
reporting a result of scheduling by the scheduler to

25 the user apparatus; and

a mapping unit configured to map the
control channel and a data channel,

wherein the control information includes
information indicating a radio resource amount used

30 for the control channel, and

the mapping unit multiplexes information
indicating the radio resource amount used for the
control channel into a first OFDM symbol.

Another aspect of the present invention

35 relates to a communication control method in a base
station apparatus used in a mobile communication

system to which an OFDM scheme is applied in



the mapping unit multiplexes information indicating the radio resource amount used for the control
channel into a first OFDM symbol. Another aspect of the present invention 35 relates to a communication
control method in a base station apparatus used in a mobile communication system to which an OFDM
scheme is applied in -5- downlink, including: a scheduling step of performing assignment of radio
resources to a user apparatus for each subframe; a control channel generation step of generating
a control channel for reporting a result of scheduling of the scheduling step to the user apparatus; and

a mapping step of mappftitfthercontrot 0thanfiel and a data channel, wherein, in the mapping step,
information that is included in controkinformatiohiary thatindicates afradio: resousce. gmount used for the

control channel is multiplexeddnte a first QM 12syinhelc EFFEGT QR EHERRESENT INVENTION
According to the present jgyention, a base station apparatus and a communication control method

5 a control channel generation step of
generating a control channel for reporting a result
of scheduling of the scheduling step to the user
apparatus; and

a mapping step of mapping the control
10 channel and a data channel,
wherein, in the mapping step, information
that is included in control information and that
indicates a radio resource amount used for the
control channel is multiplexed into a first OFDM
15 symbol.

EFFECT OF THE PRESENT INVENTION

According to the present invention, a base

station apparatus and a communication control method
20 that can report a radio resource amount used for a
control channel can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing a

25 configuration of a radio communication system of an
embodiment of the present invention;

Fig. 2 is a partial block diagram showing
a base station apparatus of an embodiment of the
present invention;

30 Fig. 3 is a partial block diagram showing
a base station apparatus of an embodiment of the
present invention;

Fig. 4 is a partial block diagram showing
signal processing components relating to one

35 frequency block;

Fig. 5 is a partial block diagram showing
signal processing components relating to one



20 that can report a radio resource amount used for a control channel can be realized. BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is a block diagram showing a 25 configuration of a radio
communication system of an embodiment of the present invention; Fig. 2 is a partial block diagram
showing a base station apparatus of an embodiment of the present- invention.; 30Fig. 3 is a partial block
diagram showing a base station apparatus of an embodiment of the present invention; Fig.4is a
partial block diagram showing signal processing components relating to one 35 frequency block;

Fig. 5 is a partial block EfffarTshowihg Signal processing components relating to one frequency block;
Fig. 6 is an explanatory diagram shoWing irformsation itemlexamples of iy cantralsignaling channel,
Fig. 7 is an explanatory: diagram shewing arsubframe eenfiguratien;cont r o 1Figi §4s anexplanatory
diagram showing a subcarrigrmapping example in OFDM symbols #1 and #2; 10Fig. 9 is an explanatory
diagram showing formats of the 11/ icontrpl Ehannel whﬁn the radio resource a ount ugegl1 fro the 11/12

) . . S, an X anator diagram s win
control channel is reported by using hegpart 0 mforma%oﬁ; Y d
subframe configuration;

Fig. 8 is an explanatory diagram showing a
subcarrier mapping example in OFDM symbols #1 and
#2;

10 Fig. 9 is an explanatory diagram showing
formats of the L1/L2 control channel when the radio
resource amount used fro the L1/L2 control channel
is reported by using the part 0 information;

Fig. 10 is an explanatory diagram showing

15 correspondence between the part 0 information and
the radio resource amount of the L1/L2 control
channel;

Fig. 11 is an explanatory diagram showing
a method for transmitting the part 0 information;

20 Fig. 12 is an explanatory diagram showing
a mapping example of the part 0 information in the
L1/L2 control channel in the case of using three
sector configuration;

Fig. 13 is an explanatory diagram showing

25 examples of multiplexing schemes for the L1/L2
control channel;

Fig. 14 is an explanatory diagram showing
a multiplexing example of the L1/L2 control channel
when a plurality of users are multiplexed;

30 Fig. 15 is an explanatory diagram showing
a mapping example of control channels of each user;

Fig. 16 is an explanatory diagram showing
a mapping example of control channels of each user;
Fig. 17 is a partial block diagram showing

35 a user apparatus of an embodiment of the present

invention; and

Fig. 18 is a partial block diagram showing



Fig. 10 is an explanatory diagram showing 15 correspondence between the part O information and the
radio resource amount of the 11/12 control channel; Fig. 11 is an explanatory diagram showing a method
for transmitting the part 0 information; 20Fig. 12 is an explanatory diagram showing a mapping example
of the part 0 information in the 11/12 control channel in the_case of using three sector configuration;

Fig. 13 is an explanatory diagram showing 25 examples of multiplexing schemes for the 11/12 control
channel; Fig. 14 is an explanatory diagram showing a multiplexing example of the 11/122 control
channel when a plurality 6fiers are irititiptexdd; BOFG CIBliswa éxplanatory BigfFamtshowing a
mapping example of controt chanmels of each user; Fig. 16 is an explanatory diagram showing a
mapping example of control channels of each user; Fig. 17 is a partial block diagram showing 25 a user

apparatus of an embodiment ot the presentinyention; and; 18 is a partial block diagram showing a user
apparatus of an ergbo Te?rgqu 2 Crgs%qolg en éosnign%secrq lon IQE £%f r%r}]ciatsigns

32 frequency scheduling unit
33-x unit for generating control signaling channel
in frequency block x
34-x unit for generating data channel in frequency
10 block x
35 broadcast channel (or paging channel) generation
unit
1-x first multiplexing unit relating to frequency
block x
15 37 second multiplexing unit
38 third multiplexing unit
39 other channel generation unit
40 inverse fast Fourier transform unit
41 cyclic prefix adding unit
20 41 L1/L2 control channel generation unit
42 L1/L2 control channel generation unit
43 multiplexing unit
81l carrier frequency tuning unit
82 filtering unit
25 83 cyclic prefix removing unit
84 fast Fourier transform unit (FFT)
85 CQI measurement unit
86 broadcast channel decoding unit
87 L1/L2 control channel (part 0) decoding unit
30 88 L1/L2 control channel decoding unit
89 data channel decoding unit
50 cell
100,, 100,, 1003, 100, user apparatus
200 base station apparatus
35 300 access gateway apparatus
400 core network

1000 radio communication system



31 frequency block assignment control unit 32 frequency scheduling unit 33-x unit for generating control
signaling channel in frequency block x 34-x unit for generating data channel in frequency 10 block x
35 broadcast channel (or pagtng channel) generation unit 1-x first multiplexing unit relating to frequency
block x 15 37 second multiplexing unit 38 third multiplexing unit 39 other channel generation unit 40
inverse fast Fourier transform unit 41 cyclic prefix adding unit 2041 DI/I2 control channel generation unit
42 1.1/1,2 control channel generation unit 43 multiplexing unit 81 carrier frequency tuning unit 82 filtering
unit 25 83 cyclic prefix removing unit 84 fast Fourier transform unit (FFT)
PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION

In the following, embodiments of the

present invention are described with reference to

5 figures. In all of the figures for explaining
embodiments, the same reference symbols are used for
parts having the same function, and repeated
descriptions are not given.

A mobile communication system to which the

10 user apparatus and the base station apparatus of an
embodiment of the present invention is applied is
described with reference to Fig. 1.

The radio communication system 1000 is a

system to which Evoled UTRA and UTRAN (Another name:

15 Long Term Evolution, or Super 3G) is applied, for
example. The radio communication system 1000
includes a base station apparatus (eNB: eNode B) 200
and a plurality of user apparatuses (UE: User
Equipment) 100, (100,, 100,, 1003, =++-+100,, n is an

20 integer and n>0). The base station apparatus 200 is
connected to an upper station, that is, an access
gateway apparatus 300, for example, and the access
gateway apparatus 300 is connected to a core network
400. The user apparatus 100, is communicating with

25 the base station apparatus 200 by Evolved UTRA and
UTRAN in a cell 50.

In the following, since the user
apparatuses (100,, 100,, 1003, --+100,) have the same
configurations, functions and states, a user

30 apparatus 100, is described unless otherwise
mentioned. For the sake of convenience of
explanation, although the entity which communicates
with the base station apparatus by radio is the user
apparatus, it includes a mobile terminal and a fixed

35 terminal more generally.

As radio access schemes, the radio
communication system 1000 uses OFDM (orthogonal



85 CQI measurement unit 86 broadcast- channel decoding unit 87 DI/I2 control channel (part 0) decoding
unit 3088 L1/1,2 control channel decoding unit 89 data channel decoding unit 50 cell 1001, 1002, 1003,
100, user apparatus 200 base station apparatus 35 300 access gateway apparatus 400 core network
1000 radio communication system PREFERRED EMBODIMENTS FOR CARRYING OUT THE
INVENTION In the following, embodiments of the present invention are described with reference
to figures. In all of the figures for explaining embodiments, the same reference symbols are used for parts
having the same functiéi SaE Fepeated deserptions tare ot givieh. A=Bileecomitinédtion system to
which the 10 user apparatusiarabsthethase station apparatas of an emifadimesnt of the present invention is
applied is described withi kefereseedo Fig.cl.e accesH)e radia gemmunisation system. 1000 is a system

to which Evoled UTRA and,UTRAN (Anather pamg: 13 Long kerm Evolution, or Super 3G) is applied, for
example. The radi corpmunlcatlon.s stem 1000 includes a%base station aggaé%téja (eNB: eNode B) 200
;1

rans O?Cﬁﬁﬁgﬂﬁﬁ ,-1bﬁn,nisan

. 1SS he in wh
and a plurality of user apparatuses J(UIIqE: chserIﬁequmentJ)i
20integer and n>0). Thevase Hatiort Spparatis 200 i¥ corndctéd ¥ ah Uppet statidn? ikt is, an access
gateway apparatus 300( foPexamprr ahdhe beeéss garwaycapsaraius 360 isccoiiécied to a core
network 400. The userappatatys d80aisccommunicatingawithier. SC-FDMA is a

single carrier transmission scheme that can decrease
10 interference among terminals by dividing a frequency
band for each terminal and by using different
frequency bands with each other by a plurality of
terminals.
In the following, communication channels
15 in the Evolved UTRA and UTRAN are described.
In the downlink, the physical downlink
shared channel (PDSCH) shared by each user apparatus
100, and the physical downlink control channel
(PDCCH) are used. The physical downlink control
20 channel is also called a downlink L1/L2 control
channel. User data, that is, a normal data signal
is transmitted by the physical downlink shared
channel. Also, the physical downlink control
channel transmits downlink scheduling information,
25 acknowledgment information (ACK/NACK), uplink
scheduling grant, overload indicator, transmission
power control command bit and the like.
The DL scheduling information includes, for
example, ID of a user performing communication using
30 the physical downlink shared channel, information of
transport format of the user data, that is,
information related to data size, modulation scheme
and HARQ, and includes assignment information of
downlink resource blocks, and the like.
35 The UL scheduling grant includes, for
example, ID of a user performing communication using

the physical uplink shared channel, information of



25 the base station apparatus 200 by Evolved UT Rh and UTRAN in a cell 50. In the following,
since the user apparatuses (1001, 1002, 1003, -100,) have the same confiquxations, functions and states,
a user 30 apparatus 100, is described unless otherwise mentioned. For the sake of convenience of
explanation, although the entity which communicates with the base station apparatus by radio is the user
apparatus, it includes a mobile terminal and a fixed 35 terminal more generally. As radio access schemes,
the radio communication system 1000 uses OFDM (orthogonal. frequency division multiplexing) in the
downlink, and uses SCIFBNZR {&ihglecedrtier © fregleney Bivisier multiplé factéss) in the uplink_ As
mentioned above, OFDM famulticcarrer] trarsimissiomescheme in whithre fregaenoyband is divided into
a plurality of narrow fregueBsey: bands: (Subcatriers) se shattransmissionds petformed byHwapping data on

each subcarrier. SC-FDMAis a single carder ygngmissiqn:scheme that can decrease 10 interference
among terminals bg divi O|Vr} a fr%q%%necyub nid or € agg et%rrglkqgh%re\q byaunscipgtgié"fe%el t .frequency bands
with each other by a. p]%rall y of terminals’ I the fo owing, communi€ation channels 5'in the Evolved

UTRA and UTRAN are'd&schBed™™ TSOrhe dbviiilinke the pysical Howhlihk Shared €hannel
(PDSCH) shared by eathiser apparatos 100, and the physicaledovadinikicontiol Ehannel (PDCCH) are
used. The physical downlink control 20ehanriel isralsocatled a. dofntink L2 cantkahotzmnel. User

data., that is, a normal data, signal istgasmitied: by:thephysical downliak.shared channelgAlso, the
physical downlink gontrol channel transmits downlink scheduling information, 25 acknowledgment
information (ACK/NACK), uplink scheI}duIitr}lg gran{,,ov}grlo% indikclzato,r, tr nsm'ssiq{n power control
command bit and the like. The DL ‘schéduling ihformatfon’inciudes, for lerf(amsp & 1D%f a user

peﬁonmngconwnunmaﬁaﬁ%%ﬁb (PUSCH) shared by each mobile station 100,
and the physical uplink control channel are used.

The physical uplink shared channel transmits user

15 data, that is, the normal data signal. In addition,
the physical uplink control channel transmits
downlink quality information (CQI: Channel Quality
Indicator) used for scheduling processing for the
physical downlink shared channel and for the

20 adaptive modulation and coding scheme (AMCS), and
transmits acknowledgment information of the physical
downlink shared channel. The contents of the
acknowledgment information are represented as either
one of Acknowledgement (ACK) indicating that a

25 transmission signal has been properly received or
Negative Acknowledgement (NACK) indicating that the
signal has not been properly received.

In addition to the CQI and the

acknowledgement information, the physical uplink

30 control channel may transmit a scheduling request
requesting resource assignment of the uplink shared
channel, resource request in persistent scheduling,
and the like. The resource assignment of the uplink
shared channel means that the base station apparatus

35 reports, using the physical downlink control channel
of a subframe, information to the user apparatus
indicating that the user apparatus is permitted to



30 the physical downlink shared channel, information of transport format of the user data, that is,
information related to data size, modulation scheme and HARQ, and includes assignment information of
downlink resource blocks, and the like. 35The UL scheduling grant includes, for example, ID of a user
performing communication using the physical uplink shared channel, information of -10- transport format
of the user data, that is, information related to data size and modulation scheme, and includes
assignment information of the uplink resource blocks, information on transmission power of the uplink
shared channel, and thedike® THhe Gplifik Péscurée blotkiesirésponds té Hreqeehes fesources, and is also
called a resource unit. channeThéracknéwledgeimentsnfofmatien (ACK/NACK) is acknowledgement
information on the uplink shared 10chagnek shows Ik theuplink, the pbysieakbuplink shared channel _

(PUSCH) shared by each mahile.statign 100, gfg@g@gpggsig@lc@%cgomr@l ¢hannel are used. The
physical uplink shaged ch%rér(ljel tranésng)itfsg; er 15 data ;Ehat is\,}etgglngrmal ata signal In addition, the
0 i

physical uplink control channel transmits ﬁnl?nlf(ecfueaﬂ y fn?ormatlonn(CQ :@n’annef%)%véﬁtyalndicator)

used for scheduling processitg foy the- physiéal Howilink sHared ERanfédnd’for the 20 adaptive
modulation and coding SehgrrRN@MES) calvd- frafsmits ackAewledgment Infokmation of the physical
downlink shared channgtnkheacantentsooftithe acknowkedgmentrinformation @re representedlas either one

of Acknowledgement (AGK) indicatingithat a25-transipissionssighalhas,een properly received or

Negative Acknowjgdgement (NACK) indicating that the S&%T?é has ﬂ% been.praperly received. In addition
to the CQI and the acknéwledgefnent informittion,dthe phl){sicag%plink .
signafing channel and a unit -M for generating

data channel in a frequency block M, a broadcast
channel (or paging channel) generation unit 35, a
first multiplexing unit 1-1 for the frequency block
15 1, ..., a first multiplexing unit 1-M for the
frequency block M, a second multiplexing unit 37, a
third multiplexing unit 38, an other channel
generation unit 39, an inverse fast Fourier
transform unit 40 (IFFT), and a cyclic prefix (CP)
20 adding unit 41.
The frequency block assignment control
unit 31 identifies frequency blocks to be used by a
user apparatus 100, based on information relating to
the maximum bandwidth available for communication
25 reported from the user apparatus 100, (which may be
either a mobile terminal or a fixed terminal). The
frequency block assuagement control unit 31 manages
correspondence relationship between individual user
apparatuses 100, and frequency blocks, and reports
30 the information of the correspondence relationship
to the frequency scheduling unit 32. Which
frequency block can be used for communication by a
user apparatus 100, that performs communication
using a bandwidth may be reported by using a
35 Dbroadcast channel beforehand. For example, the
broadcast channel may permit a user apparatus 100,
which performs communication using a bandwidth of 5



30 control channel may transmit a scheduling request requesting resource assignment of the uplink
shared channel, resource request in persistent scheduling, and the like. The resource assignment of the
uplink shared channel means that the base station apparatus 35 reports, using the physical downlink
control channel of a subframe, information to the user apparatus indicating that the user apparatus is
permitted to - perform communication using the uplink shared channel in a following subframe.

Fig 2 shows a partial block diagram, of the base station apparatus according to an embodiment of the
present invention. Fig. B§hoi a'freqaéncyPhlock asSighffiert EoAtrERARSY, #fre§liéndy scheduling unit
32, a unit 33-1 for generating! céntrolrsighalingsehanneband a mait 3d<l for generating data channel a
frequency block 101,, asunrit 33-0d.tor geagrating,conteat signajing chanaekand a unit 34-04 for generating

data channel in a frequegngy black M. a braadcast channel (op paging, chanpnel) ggneration unit 35, a first
multiplexing unit 1 fqrct(pnclarire%ucearg[:._oblo%k 151, o ggg%%mglgwlex%nq En&&iodigor thg frequ_ency block
M, a second multiplexing Unit 37, a third multipléxing Unit 38, an other channél generation unit 39, an

inverse fast Fourier traR§tofhh Urfitt4d- AFERS afd SCERHE Prefd (CP) 20addifg Tnit . The
frequency block assignAteiicontrdl Gnie 3k sdentifiesdredueney Blockstbdsecased by by 4ser apparatus
100, based on informaticn mlatingito(thedmaxinum bandwidthcaveailablesfop eommunridatien 25 reported
from the user apparatug 400, fwhichraay, be eithep atnabile terminal of afixad-terminaly T he frequency

block assuagemeyy contral unit 31 manages correspondence relationship between individual user
apparatuses 100, and frequency blocks, and g%gorts 30 theligf rmalli[ion of th% correspondence

relationship to the frequency scheduﬁng}fﬁ%ﬁ Wﬁi%ﬁlfrsequen?_:ytb 8¢k B&% ba'U&&d for communication

by a user apparatus 1000 THat performs cormiification tsihg a baffwidth iy bé reported by using a 35
broadcast channel befarehand.tleor example, thechrdadeastichannel hiayeperanit a user apparatus 100,
which performs communieatigfnusing adeandwidithofss frequency blocks of (1,2, 3)

15 or (2,3,4). Both of the frequency blocks may be
permitted to use, or, use may be restricted to one
of the combinations. A user apparatus 100, that
performs communication using a bandwidth of 20 MHz
is permitted to use all frequency blocks. Usable

20 frequency blocks may be changed according to a
predetermined hopping pattern after communication
starts.

The frequency scheduling unit 32 performs
frequency scheduling in each of frequency blocks.

25 In frequency scheduling in one frequency block,
scheduling information is determined based on
channel state information CQI of each resource block
reported from user apparatuses 100, such that
resource blocks are preferentially assigned to a

30 user apparatus 100, corresponding to a good channel
state.

The unit 33-1 for generating the control
signaling channel in a frequency block 1 forms a
control signaling channel for reporting scheduling

35 information within the frequency block 1 to the user
apparatus 100,. Similarly, for other frequency
blocks, only by using resource blocks in the



-12- MHz to use any one of bands of frequency blocks 1, 2, 3 and 4, or the use of bands may be
restricted to one of the frequency blocks 1, 2, 3 and 4. In addition, a user apparatus 100, that performs
communication using a bandwidth of 10 MHz is permitted to use a combination of two adjacent frequency
blocks such as frequency blocks of (1,2), (2,3) and (3,4). All_of these may be permitted to use, or, the use
of bands may be restricted to any 10 one of the combinations. A user apparatus 100, that
performs communication using- a bandwidth of 15 MHz is permitted to use a combination of three
adjacent frequency bloéR$ SHET &8 fretRERcy: biseks of {1,213 6P @,3/23B6th ofthe frequency blocks
may be permitted to uséponasefmay berestricted to-ore of thescombimations oA uset apparatus 100, that
performs communicatiamusing esbandwidth et20 MHz isspersaitied o use allfrequency blocks. Usable 20

frequency blocks may be changed ageqrding; to & predetgrmiged hopping, pattern.after communication

starts. The frequency scEeduIi g unit ,?%éoe];forms fre uency s%((:h?dulinrgein ecach of frequency blocks. 25
. channel 1n requenc c entergtes a data

In frequency scheduling in one frequency block, scheduling in ormation is determined based on channel

state information CA)-1°6feach reSbarE itk feportet fromh G96r dppdfatiSes 100 EGEN that resource
blocks are preferentially besighed 6 al B0OWUser Bppardtds 100! ecrresponding & algood channel state.
The unit 33-1 for generating the conivalsignalingscharmes inna dreguency black nformsua eontrol signaling

channel for reporting schaduling.3a-igformation)within the frequency blpckJl-tojtheliser apparatus 100n.
Similarly, for othey frequgncy,blogks.anly, by using resgurce.Rlocks nthe, 1 a1s0 for

other frequency blocks, data channels of user

apparatuses that share the frequency block are

generated.

The first multiplexing unit 1-1 for the

15 frequency block 1 multiplexes signals relating to
the frequency block 1. The multiplexing includes at
least frequency multiplexing. How the control
signaling channel and the data channel are
multiplexed is described later. Similarly, other

20 first multiplexing unit 1-x multiplexes the control
channel and the data channel transmitted by the
frequency block x.

The second multiplexing unit 37 changes
position relationships of various multiplexing units

25 1-x (x=1,...,M) on the frequency axis according to a
predetermined hopping pattern.

The broadcast channel (or paging channel)
generation unit 35 generates broadcast information
such as office data to be reported to belonging user

30 apparatuses 100,. The control information may
include information indicating relationship between
maximum frequency band by which the user apparatus
100, can perform communication and frequency blocks
that can be used by the user apparatuses 100,. When

35 the usable frequency block is changed variously, the
broadcast information may include information

specifying a hopping pattern which indicates how the



-73- frequency block a control signaling channel is formed for reporting scheduling information within the
frequency block to the user apparatus 100n. The unit 34-1 for generating a data channel in the frequency
block 1 generates a data channel transmitted by using one or more resource blocks within the frequency
block 1. Since the frequency block 1 can be shared by ong,or more user apparatuses (users), N units 1 -
1-N for generating 10 the data channel are prepared. Similarly, also for other frequency blocks, data
channels of user apparatuses that share the frequency block are generated. The first multiplexing unit 1-1
for the 15 frequency blddle B nRdlpleReés Sighafs reldiing tolthe fRetflistity BIeck &1 THE mdltiplexing
includes at least frequencymuliiplexihga #Hiovy the centrolwsigralingschahnel and the datactkrannel are
multiplexed is described dates.Sigilastya ather 2047 fastymuliplexing dnit dex midtiplgxes the control

channel and the data chanpeldransmijtted by the frequencyblogkx. .., 2Hhe segend multiplexing unit
37 changes positiogu relationships of%(ggou%rlnultipl éirqg#nits 251-x %le,..ule on3t51e frequency axis

according to a predetermined hoppin pat(t)ern.er © e broadcast channel (or paging channel)

generation unit 35 gen&/atés Broadcastinfdrhmatidh Siich A< 6ffit8 Uata td be tepdiéd to-Belonging user
30apparatuses 100n. Theagoritrol dinforifationanay eludeihnfornatioreindicatiag rélationship between

maximum frequency banthby whichthelusesrapparatus 100] can pegtonmrecommuaigatiopntand frequency
blocks that can be used by the user apparatuses 100n. When 35 the usable frequency block is changed

variously, the broaglcast information may inglude ig@{@ggggépgsifﬂgg a. Qgpﬂipgtp&ﬁegg Which indicates

how the
the control signaling channel and the data channel

of each frequency block with the broadcast channel
and/or the other channel as necessary.
The inverse fast Fourier transform unit 40

15 performs inverse fast Fourier transform on the
signal output from the third multiplexing unit 38 in
order to perform modulation in the OFDM scheme.

The cyclic prefix (CP) adding unit 41 adds
a guard interval to a symbol on which modulation of

20 the OFDM scheme has been applied so as to generate a
transmission symbol. For example, the transmission
symbol may be generated by adding a series of data
of an end (or top) of an OFDM symbol to the top (or
the end) .

25 Fig. 3 shows components following the CP
adding unit 41 shown in Fig. 2. The symbol to which
the guard interval has been added is amplified to
proper power by the power amplifier after being
processing by the RF transmission circuit which

30 performs digital-analog conversion, frequency
conversion and band limitation and the like, so that
the symbol is transmitted via the duplexer and the
transmit and receive antenna.

Although not essential for the present

35 invention, antenna diversity reception using two

antennas 1is performed when receiving signals in the

present embodiment. An uplink signal received by



-14- frequency blocks change. The paging channel may be transmitted using a band which is also used
for the broadcast channel, or may be transmitted using a frequency block used by each user apparatus
100n. The other channel generation unit 39 generates channels other than the control signaling
channel and the data channel. For example, the other channel generation unit 39 generates a pilot
channel. 10The third multiplexing unit 38 multiplexes the control signaling channel and the data channel_
of each frequency block with the broadcast channel and/or the other channel as necessary. The inverse
fast Fourier transform uiiftt4@ 2 59erformsSnvere fastoF Guriettransfortit ®R dhe SRfFRIP BUfJut from the
third multiplexing unit 38nntorder to perform modulation in the OFTM scheme. The cyclic prefix

(CP) adding unit 41 adds a guard intefva) ta asysmbol onguhichgnodwation @f 204ihe QFRM scheme has

been applied so as to generate 4 trapsmigsion. symhol. Ferexample. the transmission symbol may be
generated by addirgg aks)l,?ggi of data of an _gnd}gqr top) of an OFDM symbollto the top (or the end). 25Fig.

3 shows components fo owmé ‘thel%FWaéglng unit 4 sﬁgwﬁrllcn%%?ge.lé. el%%asyrﬁgol% which the guard
interval has been added’i§ ahiplified 16 profethdinery the foweramplifiéiafter beifly processing by the
RF transmission circuitsi#iich 80, perfarmsidigitalvandlsg convérsiol, frefpenegsy ednvérsich and band
limitation and the like, soothiat the symbellisiiransmitied viathe duplexeriandthextransmit and receive

antenna. Although not gssential forthe present 35sinvention, mntenna diversityireception Hging two
antennas is performed when receiving sigpals,in the preseat emiodiment., Anuplink signal received. by
The unit 33-x for generating control signaling
channel includes a L1/L2 control channel generation
unit 41 and one or more L1/L2 control channel
generation units 42-A, B,

15 The L1/L2 control channel generation unit
41 performs channel coding and multilevel modulation
on a part of the L1/L2 control channel in the
control signaling channel in which every terminal
using the frequency block should decode and modulate

20 the part of the L1/L2 control channel, and outputs
the part of the L1/L2 control channel.

The L1/L2 control channel generation unit
42-A, B, ..... , performs channel coding and
multilevel modulation on a part of the L1/L2 control

25 channel in the control signaling channel, in which a
user apparatus 100, to which one or more resource
blocks in the frequency block are assigned should
decode and modulate the part of the L1/L2 control
channel.

30 The data channel generation units x-A,

B, ... perform channel coding and multilevel
modulation on data channels to terminals A, B,
respectively. Information on the channel coding and
the multilevel modulation is included in the

35 specific control channel.

The multiplexing units 43-A, B, ...
associate the L1/L2 control channel and the data



two antennas is input to an uplink signal reception unit. Fig. 4 shows signal processing
components relating to one frequency block (x-th frequency block), in which "x" is an integer equal to or
greater than 1 and equal to or less than M. In summary, Fig. 4 shows the unit 33-x for generating control
signaling channel and the unit 34-x, the multiplexing units, 43-A and B, and the multiplexing 10 unit 1-X,
which are related to the frequency block x. The unit 33-x for generating control signaling channel includes
a L1/L2 control channel generation unit 41 and one or more L1/L2 control channel generation units 42-A,
B,. 15The L1/L2 controf éR&arel gehebatihsomt 4 petorhs chahnePesding andaditifevel modulation on
a part of the L1/L2 controlictiannes mitheecdntrot Bignaling €hangekin which every terminal using the
frequency block should decode and mogulate 20 the partof thegddwcentsel channel, and outputs the

part of the 1,1/1,2 control channel, compEﬂ?@&é‘é'—%&99@%@‘%%98”?%'&9% 42-A, B, , performs
channel coding ang mul Iev I mo ulatlo ona %arttfof the Jc_ll 2 cor%trol 25 chan %% the control signaling

channel, in which a user a paratusll%o o Which one or more resource blocks in requency block are

assigned should decode rodtlat8 ]tﬁéﬁﬁrtcbﬁ the LA contfd Thahnel! 30The data channel
generation units x-A, BEenpedden ghahrelrcoding and adltilevérrmodaktishirgredatachannels to
terminals A, B, respectiviely. irformatiom ondhe shannel cpeingtanac thesmultitevel meodulatioreis included

in the 35 specific contrelighannel. Jhemultivlexing Wnits 43:AgB,..1 agseciatesthedgls1 2control channel

and the data 10 only to one or more resource blocks assigned to a

specific communication terminal. The “outside

resource block mapping” indicates mapping to the

whole area of the frequency block including many

resource blocks. Part 0 in the L1/L2 control

15 channel is transmitted by the whole area of the
frequency block. When resources are assigned for
the downlink data channel, information related to
uplink data transmission in the L1/L2 control
channel is transmitted using the resources. The

20 information is transmitted by the whole area of the
frequency block when the resources for the downlink
data channel are not assigned.

Fig. 6 shows examples of types and

information items of the downlink control signaling

25 channel. The downlink control signaling channel
include s broadcast channel (BCH), individual L3
signaling channel (upper layer control channel or
higher layer control channel), and L1/L2 control
channel (lower layer control channel). The L1/L2

30 control channel may include not only information for
downlink data transmission but also information for
uplink data transmission. In addition, the L1/L2
control channel may include transmission format data
of the L1/L2 control channel (data modulation scheme,

35 channel coding rate, number of simultaneously
assigned users, etc.). In the following,
information items transmitted by each channel are



-16- channel with resource blocks for each terminal to which resource blocks are assigned- Like Fig. 4,
Fig. 5 shows signal processing components relating to one frequency block. Fia. 5 is different from Fig. 4
in that individual pieces of control information are concretely shown. The same reference symbols show
the same components in Figs. 4 and 5. In the figure, "inside resource block mapping” indicates mapping
10 only to one or more resource blocks assigned to a specbfic communication terminal. The "outside
resource block mapping." indicates mapping to the whole area of the frequency block including many
resource blocks. Part 09fA%RE& 1AL control 15 channel is transmitted by the whole area of the frequency
block. When resources are assigredicfos theetdewnkrik data channel, information related to uplink data

transmission in the L1/L2 control channel is-tsansmitedusing the resousces. Adhe 20 information is
transmitted by the whole_area.of the fr@guggﬁ){lg}plcgavgq%thteerrq@%clegf%g&ggqu data channel
are not assigned. - i . 6 shows e%agnrpg%s 191]; té/ﬁgrsl acr}gairrllfoirrrpatigrqliterg% o#} e ownlink control
signaling 25 channel. The downlink control S|gna]fing channelincilided proadcast channel (BCH),

individual L3 signaling ER&fel {ipperigyer coritrol Thanh8ForMigRerayer ¢ontrdiTHahhah Sand r1./L2
control channel (lower le§gr eentrol ehanrid . MHea L B./1o2 30 ‘conttol efraniel hsay imefldeanot only
information for downlink €lata fransmission butoalse infeemation for uplinkdata transmission. In addition,

the L1/L2 control channe| raayinclude transmission-tormat data efthedd /b2 contrakchannel (data
modulation schemg, 33,channel coding, rate, yrberof sinulfaneoysly . gea st
information. The broadcast information may include
the maximum number of simultaneously assigned users,
resource block arrangement information and MIMO
scheme information.

15 The maximum number of simultaneously
assigned users (user multiplexing number) indicates
how many uses are multiplexed as control information
in the downlink L1/L2 control channel of one
subframe. This number may be specified for each of

20 the uplink and the downlink separately (Nuywax, Npuax) ,
or may be represented as a total value (N,;1) of the
uplink and the downlink.

The maximum number of simultaneously
assigned users indicates the maximum number of users

25 that can be multiplexed in 1 TTI using one or more
of FDM, CDM and TDM. This number may be the same or
different between the uplink and the downlink.

The resource block arrangement information
is information for specifying positions of resource

30 blocks, used in the cell, on frequency and time axes.
In the present embodiment, two types of frequency
division multiplexing (FDM) schemes can be used,
which are a localized FDM scheme and a distributed
FDM scheme. In the localized FDM scheme, a user of

35 a good channel state locally on the frequency axis
is assigned a consecutive band in priority. This

scheme is advantageous for communication by a user



assigned users, etc.).In the following, information items transmitted by each channel are described.
(Froadcas channel) The broadcast channel is used for reporting, to communication terminals, unchanging
information or information changing only at low speed in a cell, wherein the communication terminals may
be mobile terminals or fixed terminals, and may be called;user apparatuses. For example, information
which changes in a period of about 1000 10 ms (1 second) may be reported as broadcast information.

The broadcast information may include the maximum number of simultaneously assigned users, resource
block arrangement infofati6n afBaM IMOSThehie/ infdrfnation 15TAe FHaxifuim fihter of
simultaneously assignedrasers {aseromuttipléxing: nanerkindicates howemanyp asés are atultiplexed as

control information in thexdownlirk L1A2 condrak charnehof onersubfiamenEhis tuunber may be specified

for each of 20 the upling(ﬂmltpgkd%@mglsepgr%tg}ye@g@gd,xslﬂg@lvz:]ﬂ Or may.bg epresented as a total
value (Nail) of the gplinkianrg @e.docvxrlhliéwek Thfingaxin}um numl?ner ch simultaneously assigned

users indicates the’maxinum number of Users Eé%ﬁaat camrbe mujltrilﬁl(ea%ean 7T using one or more of

FDM, CDM and TDM. TRi§ et mhafBethi 'sante 6F diffefentBctivéen thé tiplifk ARt the downlink.
The resource block arrasgeéfgatihferatationtis infeanation fortspetiffingipositfons efreseurce 30 blocks,
used in the cell, on frequengy anddtime axesnkh thepresenteembodimenistniotypes Iof dreqaency division

multiplexing (FDM) schemessean be disedswhicinaress localized FEM schemeand-a glistiibuted FDM
scheme. In the logglized &EM@EB&'E&%@ Lﬁﬁd‘log)?)? %ggogkgga@%Ies_tatenggguyéq_)@.;ge frequency axis is

assigned a consecutive pband in priority., This scheme is advantageous for communication by a user
9 wEet%erpw%igh schemenls useéi %%equency resources y

are assigned according to information for specifying
consecutive band or discrete frequency components.
The MIMO scheme information indicates

15 which of the Single User - Multi Input Multi Output
(SU-MIMO) scheme and the Multi - User MIMO (MU-MIMO)
scheme is used when the base station apparatus is
provided with a plurality of antennas. The SU-MIMO
scheme is a scheme in which a communication terminal

20 having a plurality of antennas communicates with a
base station apparatus having a plurality of
antennas. The MU-MIMO scheme is a scheme in which
the base station apparatus communicates with a
plurality of communication terminals simultaneously.

25 In the downlink MU-MIMO scheme, a signal
is transmitted from one or more antennas (a first
antenna of two antennas, for example) of the base
station apparatus to a user apparatus UE, and a
signal is transmitted from other one or more

30 antennas (a second antenna of two antennas, for
example) to anther user apparatus UEg. In the
uplink MU-MIMO scheme, a plurality of antennas of
the base station apparatus simultaneously receive a
signal from a user apparatus UEx and a signal from

35 another user apparatus UEg. Signals from each user
apparatus may be identified by using reference
signals assigned to each user apparatus. It is



-19- having small mobility and advantageous for data transmission of high quality and large capacity, and
the like. In the distributed FDM scheme, the downlink signal is generated such that the downlink signal
includes a plurality of intermittent frequency components over a wideband. This scheme is advantageous
for communication by a user having large mobility and adyantageous for periodical data transmission of
small data size such as voice packet 10communication (VolP), and the like. Regardless whether which
scheme is used, frequency resources are assigned according to information for specifying consecutive
band or discrete frequete§ coridcherts. UFife MY scivélfie HIffoRRARGN Afdicates 15 which of the Single
User - Multi Input Multi Cuftpuk(8ld-MIMO k $cheme aindthe Multis dJserMVM O3 >-MIMO) scheme is

used when the base staticnapparatds isverevidedawith apturalityofaniesnas sThe-SU-MIMO scheme is a

schc_eme in which a co_rrg‘g%ig@g%g terminal 20, havipg,a.plurality, og%tfp_gag}gggyﬂgmgg}@éswith a base
station apparatus Igavmgr% p(lju.r [Iltg ofﬁau,cntenana;Esr.1 The MP-MIMO scheme is a. scheme.in which the base
ity

. . S O ogona S e ences ca XS] asS 1
station apparatus communicates with a plurality' 6f communication terminals simuitaneotsly. 25In the

downlink MU-MIMO scRéf? 8igndl < traréMittsd from one or more antennas (a first antenna of two
antennas, for example) of thé bage station apgaratug ola ugecapparatus UEA, and a signal is transmitted
from other one or more 30 antennas{asecond-anterna oBtwoigntennas, forexample)to anther user

apparatus UEB. In the yplink MUEMIMO schemer apluralityof-antennas etthe base station apparatus
simultaneously receive Caoﬁlifggﬁlifggrpi% Hs%remq{gﬁu,s Qﬁéta%gﬁg%pl ;r@q% a&%@%{luser apparatus

UEB. Signals from each#ster a%parattus may he i enéifi% (5)8 using rfeference sqnals assigned to each
user apparatus. It is 76 désirable fo uSe CAZAE cBde sequerﬁlé’é as the 7é erpgncee‘signal for that

purpose. The reason is'thaf: 3ice &Wén SameICAZ ACEsdE sequehcestste drthogdnalwith each other
when cyclic shift amountsrarerdifferent rorthogohak $equencesscarebe easiheprepared,doréxample.
(Individual 53 signalingichasin@haling channel is reported only to a specific

15 communication terminal. The individual L3 signaling
channel includes the type of the FDM scheme and
persistent scheduling information.

The type of the FDM scheme specifies which
of the localized FDM scheme and the distributed FDM

20 scheme is used for multiplexing specified individual
communication terminals.

The persistent scheduling information
specifies a transmission format (data modulation
scheme and channel coding rate) of uplink or

25 downlink data channel, resource blocks to be used,
and the like.

(L1/L2 control channel)

The downlink L1/L2 control channel may
include not only information related to downlink

30 data transmission but also information related to
uplink data transmission. Further, the downlink
L1/L2 control channel may include information bit
(part 0) indicating a transmission format of the
L1/L2 control channel.

35 (Part 0)

The part 0 information (to be referred to
as “part 0” for the sake of simplicity hereinafter)



The individual 53 signaling channel is also used for reporting information, to a 10 communication terminal,
that changes at low speed, that is, at a period. of 1.000 ms, for example. Although the broadcast channel
is reported to all communication terminals in the cell, the individual 53 signaling channel is reported only
to a specific 15 communication terminal. The individual 53 signaling channel includes the type of the FDM
scheme and persistent scheduling information. The type of the FDM scheme specifies which of
the localized FDM scheme and the distributed FDM 20 scheme is used for multiplexing specified
individual communicatié terisifalst Fhe thersisteht seraddimginforiativhsspetifies a transmission format
(data modulation schemerandccharimeh cedingrrate) of uptink ec28rdovenimkdata channel, resource blocks
to be used, and the like; {51452 centro) chaanel)dbedownlinkns1M22-conérol charneltaay include not

only information related, to.dawnlink 3Q dafa, fransmissign, but alsq infgrmation relategd to uplink data

transmission. Furtt%er, thgr%o nIinrll<c 1/32 go%rgl %ha nee]! may |£19T%j |m;oerg11§1§i n bit (part 0) indicating a
transmission format of the 51/172'control channel, 3b(Part 8) JI:ﬁle part information (to be

referred to as "part 0" fPtheSHKE SFESMPIidiRF néreinditety 20-9hclbdss e tranSmidsidh format of the
L1/L2 control channel (fiddilationtschetde ahdohahhel eading tate] flre Raimber of sipdultsheously

assigned information indicating a radio resource amount used
for the L1/L2 control channel.
10 The number of symbols necessary for the

L1/L2 control channel depends on the number of the
simultaneously multiplexed users and depends on
reception quality of the users to be multiplexed.
Typically, the number of symbols of the L1/L2

15 control channel is set to be large enough. For
changing the number of symbols, the number can be
controlled in a period of about 1000 ms (1 second),
for example, according to the transmission format of
the L1/L2 control channel reported from the

20 broadcast channel. However, when the number of
simultaneously multiplexed users is small, the
number of symbols necessary for the control channel
can be small. Therefore, if significant amount of
resources for the L1/L2 control channel continue to

25 Dbe kept when the number of simultaneously
multiplexed users and the reception quality of users
to be multiplexed change in a short period, there is
a fear that large wastes may occur. For reducing
such wastes for the L1/L2 control channel, the part

30 0 information (modulation scheme, channel coding
rate and the number of simultaneously assigned users
(or the number of whole control bits)) may be
reported in the L1/L2 control channel. By reporting
the modulation scheme and the channel coding rate in

35 the L1/L2 control channel, it becomes possible to
change the modulation scheme and the channel coding
rate in a period shorter than that in reporting by



users or the number of whole control bits). The part O includes the number of simultaneously assigned
users (or the number of the whole control bits). In addition, the part O information includes information
indicating a radio resource amount used for the L1/32 control channel. 10The number of symbols
necessary for the L1/L2 control channel depends on the_nymber of the simultaneously multiplexed users
and depends on reception quality of the users to be multiplexed. Typically, the number of symbols of the
L1/L2 15 control channel is set to be large enough. For changing the number of symbols, the number can

be controlled in a perio@'t abbbif 066 M P8EEINd), o @Xxafripie "attording to thE BahSmission format
of the L1/L2 control charnel repdrted.-fromptiner2(0 broedcast channel cHewe ey wwhersthe number of
simultaneously multiplexediusefs isssmalicthegiuimber, of:syunbals neeessaryforthecontral ¢hannel can

be small. Therefore, if significant;amoynt of resaurces;farthe, 5142 control, channel gontinue to 25 be
kept when the number Qf simultanegusly rguglglexeikﬁus%?rﬁ aapg rthe Vggcé%ptitogu%ualit)é gfe users to be
[ I

. . O Xam,] e a cCripe S.
multiplexed change in a short period, there is ateartha arge wastes may occurFor redIllJcmg such

wastes for the L1/L2 cdhtrot ERAAAEIS the’Part 36" inforiiatidnt (MRGdWatiorr 8néiRé Fcflannel coding rate
and the number of similtdieoushiassigied bsersqor trentimbeb of Wholecédritrol bits)) may be reported
in the L1/L2 control channel. By teparting the modutatiosnscheine and the ehannel coding rate in 35 the
L1/L2 control channel, it besomesipassible to change the modulation scheme and the channel coding rate

in a period shorter than that in reporting by 6%‘1@&@8@@@%?9&%% When y*éel_glé_@ger of symbols of

the 31/102 control channe% in one subframe is |[imited to, some options, the tE)aIrgsmBsmnhformat can be
specified by specifying Whic r%%ﬁ&r? s ad&d: oerseﬁ?r?pﬁél?asl eslccriabteodrlat%r, WhlenEf%ﬁr patterns of
transmission formats ate®freparéd the partd thforafieH May Be réfres@AtetPby ffd Bits (ownlink data
transmission related informatioef) t0Fhea dewndink date transMissionrelatettk whether

there is a call to the user apparatus 100,. More

15 particularly, the user apparatus 100, checks whether
a group number assigned to the user apparatus 100y,
is included in the paging indicator, then, if it is
found, the user apparatus 100, demodulates the
paging channel (PCH). The position relationship

20 Dbetween PI and PCH are set to be known beforehand.
The user apparatus 100, can check presence or
absence of incoming call by checking whether there
is identification information of the user apparatus
100, (telephone number of the user apparatus 100,,

25 for example) in the paging channel (PCH).

As schemes for transmitting the paging
indicator (PI) by using the L1/L2 control channel,
there are a scheme for using an information part
specifically prepared for PI in the L1/L2 control

30 channel and a scheme in which such specific
information part is not prepared.

The downlink data transmission related
information includes resource assignment information
of the downlink data channel assignment time length,

35 and MIMO information.
The resource assignment information of the

downlink data channel specifies resource blocks that



information includes paging. indicator (PI). Each user apparatus 100, demodulates the paging indicator so
that the user apparatus 100, can check whether there is a call to the user apparatus 100,. More 15
particularly, the user apparatus 100, checks whether a group nhumber assigned to the user apparatus 100,
is included in the paging indicator, then, if it is found, the yser apparatus 100, demodulates the paging
channel_ (PCH). The position relationship 20 between Pl and PCH are set to be known. beforehand. The
user apparatus 100, can check presence or absence of incoming call by checking whether there is
identification informatioh"6TtHé @isef apparatds 160 JgélepRbAe meimberot the BSEr apparatus 100,, 25 for
example) in the pagingcharmebcPCOHRRcks, vaAs sclsemes fiordtsarismitting-thekpaging imdicator (PI) by
using the 31/32 controlwhaanek dhereare arseheme for using andnformation:parispeecHfically prepared
for Pl in the 31/32 contipl 30.channel and a scheme in which sych, spedific information part is not

prepared. he %jggglinkga%aetransmission related information includes resource assignment
in

information of the dowrilink data channlellsaessignment time length, 35 and MIMO information. The
resource assignment information of theSdGAmirk d4ta chanfel Setifies résdurceBidcks that -22- include

the downlink data chanheh Forispedifying regowee dledks) variogs tiethods that ab€ known in this
technical field can be usedxnEorexanple; bitmaptschene, treenbranchamumber schemeaadthe like can

be used. The assignment time Jengthindicates houlong the downlink data chanaelcontinues to
be transmitted corgecutiyely, Jhen resorce pssignment coptents changa mass regueqtly, resource

assignment 10 contents 0%329% evggye‘lr'kéalféom thg vcll%v%/gm&tlof re ucmg}(o erhead, the data channel

may be transmitted usiﬁﬁ \e same resource asstignment over aanﬁeralit?a 18T The MIMO information

specifies the number transmitted using the same resource assignment over
a plurality of TTIs.
The MIMO information specifies the number

15 of antennas, the number of streams and the like when
the MIMO scheme is used for communication. The
number of streams may be called the number of
information sequences. Although each of the numbers
of the antennas and the streams may be any proper

20 number, it may be four, for example.

Although it is not essential that user
identification information is included, the whole or
a part of 16 bits of user identification information
may be included, for example.

25 The downlink data transmission related
information includes precoding information when the
MIMO scheme is used, transmission format of downlink
data channel, hybrid retransmission control (HARQ)
information and CRC information.

30 The precoding information for use in the
MIMO scheme is used to specify weighting
coefficients applied to individual antennas. By
adjusting the weighting coefficients (precoding
vector) to be applied to each antenna, directivity

35 of a communication signal is adjusted. The
reception side (user apparatus) needs to perform
channel estimation according to the directivity.



15 of antennas, the number of streams and the like when the MIMO scheme is used for communication.
The number of streams may be called the number of information sequences. Although each of the
numbers of the antennas and the streams may be any proper 20 number, it may be four, for example.
Although it is not essential that user identification informatign is included, the whole or a part of 16 bits of
user identification information may be included, for example. 25The downlink data transmission related
information includes precoding information when the MIMO scheme is used, transmission format of
downlink data channel, hybrid retran$fissiér esntr6ISHAROY iitétmatiort &fd €REC Hifdkmation_ 30The
precoding information fos tise imtenMIMOs sciremeé 1S ased to specifiaweighting taefficients applied to
individual antennas. Bysadjusting the weighting ceefficients {precedina vecter)da beapplied to each

antenna, directivity 35 ofa cogmmunjgation sigpal is adjusted. The recention.side (user,apparatus) needs
to perform channe estllgnation accor%ing to the dl're%tfilvity. -23- -Qle tcrggslmissj:oncg)rmarﬁfthe downlink

data channel is specifiedeb)]/f%?gégt% moaﬁi%%%ﬁesc erenecgr?élﬂwe channeri%odlahg raté. Instead of the

channel coding rate, data s2&Edr payidad Sizemhay beYepdrted, BeCaUE the chanhelEoding rate can be
uniquely derived from thé®lata hrodulation séifera@ apdahe tata size. Asansexafplel the transmission
format may be representediay abeyt & bits.cthe: hyhric: retransmission&ontros (HARQ: 10 Hybrid
Automatic Repeat ReQuest) informatiga ingludes;infarmationnecessary-for retsangmission control of

downlink packets, Mor%ggg@glqﬂyt gqﬂeageitgar?ggggignfgg@ggg ip;ormaftgo%igglyggs process number,
redundancy version inforrlrgﬁg%eindicaging 15 packet combinin r?ethod, and new data indicator for

i
.. R S n atlon. necessar or retrangm S, 1O .
distinguishing between new packetlandD retransmitted Eackeat. s‘an example, f‘nelﬁyk'}rld1 retransmission

control information may-Bé répresehtetPy abslit & bitsIGWhelhE cyelicrediuhdandy ch&ek method is

retransmission control information includes process
number, redundancy version information indicating

15 packet combining method, and new data indicator for
distinguishing between new packet and retransmitted
packet. As an example, the hybrid retransmission
control information may be represented by about 6
bits.

20 When the cyclic redundancy check method is
used for error detection, the CRC information
indicates a CRC detection bit to which user
identification information (UE-ID) is convolved.

The information related to the uplink data

25 transmission can be classified into four types from
part 1 to part 4 as follows.

(Part 1)
Part 1 includes acknowledgement
information for a past uplink data channel. The

30 acknowledgement information indicates positive
acknowledgement (ACK) or negative acknowledgement
(NACK), wherein the positive acknowledgement (ACK)
indicates that there is no error in the packet or
that, even if there is an error, the error is within

35 a permissible range, and the negative
acknowledgement (NACK) indicates that there is an

error, in a packet, exceeding the permissible range.



used for error detection, the CRC information indicates a CRC detection bit to which user identification
information (UE-ID) is convolved. The information related to the uplink data 25 transmission can be
classified into four types from part 1 to part 4 as follows. (Part 1) Part 1 includes acknowledgement
information for a. past uplink data channel. The 30 acknow]edgement information indicates positive
acknowledgement (ACK) or negative acknowledgement (NACK), wherein the positive acknowledgement
(ACK) indicates that there is no error in the packet or that, even if there is an error, the error is within 35 a
permissible range, andthé neghlive deRaewREgenieht (NACKO IndidatesXhACREPE 3514/ @rror, in a
packet, exceeding the permissiblei tangeb s24rthexddknowledgement information can be represented by
one bit substantially. (part 2) (partPart 2 includes resource assignment information for future uplink
data channel, transmission format ofgthe.uplink data ghannel transmission power, information and CRC

information. 5 The resource.assi me% |Qf%rmat|opi%ecgle§ respurce hlocks that can be used for

s .lnrormatlion r A S a cnanne . .
10 transmitting an uplmjk ata Channel. For specﬁlylng he resourée bloc S, varidus methods known in this

technical field can be us&a"E8r éxarmplel Bittap StheMe tree brahchgnmbersineme and the like
may be used. 15The tramrgmissiohsformaPb of'thie uplinkdaid chanaelks Specifiedbyrtheliddta modulation
scheme and the channel coding rateTnstead of:the=channs} coding rate, data sizenor payload size may

be specifies resource blocks that can be used for

10 transmitting an uplink data channel. For specifying
the resource blocks, various methods known in this
technical field can be used. For example, bitmap
scheme, tree branching number scheme and the like
may be used.

15 The transmission format of the uplink data
channel is specified by the data modulation scheme
and the channel coding rate. Instead of the channel
coding rate, data size or payload size may be
reported, because the channel coding rate can be

20 uniquely derived from the data modulation scheme and
the data size. As an example, the transmission
format may be represented by about 8 bits.

The transmission power information
indicates degree of power by which the uplink data

25 channel should be transmitted. In an embodiment of
the present invention, an uplink pilot channel is
transmitted from the user apparatus 100, to the base
station apparatus iteratively in a period Tref of
about several milliseconds, for example, which is

30 relatively short. The transmission power Pref of
the uplink pilot channel is updated in a period of
Trpc which is equal to or greater than the period
Tref according to transmission power control
information (TPC command) reported from the base

35 station apparatus, such that the transmission power
Pref becomes no less than or no more than the
transmission power of the uplink pilot channel



reported, because the channel coding rate can be 20 uniquely derived from the data modulation scheme
and the data size. As an example, the transmission format may be represented by about 8 bits.

The transmission power information indicates degree of power by which the uplink data 25 channel
should be transmitted. In an embodiment of the present ivention, an uplink pilot channel is transmitted
from the user apparatus 100, to the base station apparatus iteratively in a period Tref of about several
milliseconds, for example, which is 30 relatively short. The transmission power Pref of the uplink pilot
channel is updated in a-periddiéf TFEc Whichis équl to or greater than the period Tref according to
transmission power control informati@h€TRElcormniahd). feparted-fromctherbase 35 station apparatus,
such that the transmissian: pewet Peef bgcames ne lessthan arhomese than the tsansmission power of

the uplink pilot channel:25- frapsmitted infhe,past, ,, ropJPelplink,p152conttol channel is
transmitted by a p%wersv;érg%hi Is obtaine a% adglngt%flrst offset power AL1/T2 repgrtegl f(r)c%m the base
f

station apparatus to the ransmrlls.s?gﬁ Borwer Pref of the u%ﬁﬁl?%%ts&%é)nnneﬁ).%ﬁeru link data channel is
transmitted by a power Wiich ¥ oBtaired By addiy s Secorld 6ffS&t pdier AdadtaT@PORE] from the base
station apparatus to the fransmissiort péweP 10Preportheviiplivk pilot ehanrneleThe vffset power Adata on
the data channel is incladed iy the transmissiontpewepindermation. ot-part 2t dhefoffset power AT.1/1,2 for
the 51/52 control channgl ds included in thgtransmissien poxerinformation of 154heafter mentioned part

4. In addition, TPgOconypg@d (]_‘)(%r L&@ldegtmgltpggraﬁsfyﬁsigg Pover _of tl}% Qilgtf(‘fl‘éaépeg)&%@o included in

part 4. The firstA offset power m(fiormatlo}rg AL1/L.2 may be lke t élnchar%%ed or may be variably
controlled. 20In the lattef¢ass, the first oaﬁsaet%oa\}\?enrelnfo%ﬁ]a ion rrlllaye e%élpor &d to the user apparatus as

transmission power information of part 2. The
offset power Api/12 for the L1/L2 control channel is
included in the transmission power information of

15 the after mentioned part 4. In addition, TPC
command for updating the transmission power of the
pilot channel is also included in part 4.

The first offset power information Arpi/i2

may be kept unchanged or may be variably controlled.

20 In the latter case, the first offset power
information may be reported to the user apparatus as
broadcast information BCH or as layer 3 signaling
information. The second offset power information
Ngata may be reported to the user apparatus using the

25 L1/L2 control signal. The first offset power
information Ap1/12 may be determined such that the
first offset power is increased or decreased
according to information amount included in the
control signal. The first offset power information

30 Ar1/12 may be determined such that it changes
according to reception quality of the control signal.
The second offset power information Agsta may be
determined such that it changes according to
reception quality of the data signal.

35 The uplink data channel may be transmitted
using power which is less than the sum of the
transmission power Pref of the uplink pilot channel



broadcast information BCH or as layer 3 signaling information. The second offset power information
Adate, may be reported to the user apparatus using the 25 51/52 control signal. The first offset power
information A -LI/L2 may be determined such that the first offset power is increased or
decreased according to information amount included in thg.control signal. The first offset power
information 30 AL1/L2 may be determined such that it changes according to reception quality of the
control signal. The second offset power information Adata may be determined such that it changes
according to reception gadlity'st tie darcsighar 35 TReUiplinR data chanAéFRay be tfadshitted using
power which is less than theguns of thertransmissiond power Prebdf theduptinkpilob gkannel -26-- and the

second offset power Adatarnimerdgr to follow a sequest {evertoad indicatary of reducing power from
neighbor cells of the cell in which the yger apparatus 100, resides. When the cyclic redundancy
check method is used for error dete%igghthce%gl?g ig{circr:nartieoguirrl\ g:ates a CeRC’: deé ti(%p hit to which user
identification information (UE-ID) is convolved . InAa response s%rgﬁlflﬁ/L(ﬁhcon rol ¢ annel} for the 10

random access channél {RACH)" a5andomIDfor & RACH- pfedambie My bB/sed as the UE-ID. (Part 3)
Part 3 includes s transrisgictrtimingebit B atedsiinkisigndll Thisdsahéontrol Bitfor 15 synchronizing
communication terminalsiéma cell cEhis dnfoimatiemmaybe (eported as specific contral information when

the downlink data chanpgl is assignadsa resQiiee black, op the infermation-may be repertedas unspecific
ConUOIWﬁO”naﬁQPO random access channel (RACH), a random ID for a RACH
preamble may be used as the UE-ID.
(Part 3)
Part 3 includes a transmission timing bit
on an uplink signal. This is a control bit for
15 synchronizing communication terminals in a cell.
This information may be reported as specific control
information when the downlink data channel is
assigned a resource block, or the information may be
reported as unspecific control information.
20 (Part 4)

Part 4 includes transmission power
information on the transmission power of the
communication terminal. This information indicates
degree of power by which the uplink control channel

25 should be transmitted for a communication terminal
to report downlink CQI, for example, in which the
communication terminal is not assigned resources for
transmission of the uplink data channel. The offset
power Apiy.2 and the TPC command are included in the

30 part 4 information.

Fig. 7 shows a mapping example of the data
channel and the control channel. 1In the downlink
transmission, as shown in Fig. 7, 1 subframe is 1 ms,
for example, and 14 OFDM symbols exist in 1 subframe.

35 In Fig. 7, numbers (#1, #2, #3, -°+, #14) in the
time axis direction indicate numbers for identifying

OFDM symbols, and the numbers (#1, #2, #3, -°-, #M-1,



20(Part 4) Part 4 includes trahsmibsion power information on the transmission power of the
communication terminal. This information indicates degree of power by which the uplink control channel
25 should be transmitted for a communication terminal to report downlink Cclgi, for example, in which the
communication terminal is not assigned resources for tr@%mission of the uplink data channel. The offset
power ATd/L2 and the TPC command are included in the 30 part 4 information. Fig. 7 shows a mapping
example of the data channel and the control channel. In the downlink transmission, as shown in Fig. 7, 1
subframe is 1 ms, for ex¥mple,ighcPT4 OF R Syniboldelist it1 SOBframpI8SIFFig: 71 Aumbers (#1, #2,
#3, -, #14) in the time aXiscdirection inditate: hemivers for identifying QDDM symbols; @and the numbers
(#1, #2, #3,#01-1, -274Q41M is andntegenef 04>Q)is the freauensy BXxisdirectiondndicate numbers
identifying resource blogks n_terms of ong frequency block and gpe subfrap, the mapping example

shown in the flgurescorgegponds to gg_tpcug inf ggmggoq r%the first multi exing UP{trl' . The resource

blocks are assigned to a te?r%ﬁr%fﬂavmg a good C annelos%ntaetblftrhe requenc sc%eduling unit 32 shown

in Fig. 2. The physical BoWhiAk-E5riths] chanhellis®10 mapped 6 NFOEDM symibols ifthe head part of 1
subframe. As a value of i\ 1925t 3 i3 SettRrPignZ Lthephysical donelink centrelctfdriiet is mapped to
the head two OFDM symbals €N£2kafthecsubiramel thahis, mappedto-DEDM symbols #Land #2. 15

Then, in OFDM symbols other than the:QFBM, symhols{ewhich the physical dawnlinkicondrol channel is

10 mapped to N OFDM symbols in the head part of 1
subframe. As a value of N, 1, 2 or 3 is set. In
Fig. 7, the physical downlink control channel 1is
mapped to the head two OFDM symbols (N=2) of the
subframe, that is, mapped to OFDM symbols #1 and #2.

15 Then, in OFDM symbols other than the OFDM symbols to
which the physical downlink control channel is
mapped, user data, synchronization channel (SCH),
broadcast channel (BCH), and data signal to which
persistent scheduling is applied are transmitted.

20 The L1/L2 control channel and the like and the data
channel and the like are time-multiplexed.

In addition, in the frequency direction, M
resource blocks are defined. The frequency band of
1 resource block is 180 kHz, for example, and 12

25 subcarriers exist in 1 resource block. The number M
of the resource blocks is 25 when the system
bandwidth is 5 MHz, and it is 50 when the system
bandwidth is 10 MHz, and it is 100 when the system
bandwidth is 20 MHz.

30 Fig. 8 shows a subcarrier mapping example
in OFDM symbols #1 and #2 when the subframe has the
configuration shown in Fig. 7. In the figure, the
number of subcarriers in 1 OFDM symbol is L (L is an
integer of 1L>0), and the subcarriers are numbered as

35 subcarrier #1, #2, .. and #L starting from one of the
smallest frequency. When the system bandwidth is 5
MHz, L = 300. When the system bandwidth is 10 MHz,



mapped, user data, synchronization channel (SCH), broadcast channel (BCH), and data signal to which
persistent scheduling is applied are transmitted. 20 The 1,1/182 control channel and the like and the data
channel and the like are time-multiplexed. In addition, in the frequency direction, M resource
blocks are defined. The frequency band of 1 resource blogk is 180 kHz, for example, and 12 25
subcarriers exist in 1 resource block. The number M of the resource blocks is 25 when the system
bandwidth is 5 MHz, and it is 50 when the system bandwidth is 10 MHz, and it is 100 when the system
bandwidth is 20 MHz. 30Fig.c8 Show8kesubdarriermappineredmpielin BFBM §§Hbols #1 and #2 when
the subframe has the coafiuratidn shiowminikigthelnihe figere,the nlmntyariofisubcarriers in 1 OFDM

symbol is 3 (If is an integer<of S>3, and;thel suboarriens arecunberegasi 353ubcarrieri#k #2, 8. and #3

starting from one of the_smallest fragquency. Whendhg systers bandwidib s p.MHz, 3 = 3Q@,When the

system bandwidth gs 10S Mml—é)z IZ%'lL = GF%O Wgen tké% system 9% Wléj('gl‘rlljcs % Mcl?lz,nL = 11299' As shown
in the figure, the downlink re?erencé signa?%M%) and the physical downilink controf channel are

mapped to the subcarBF BPEFEDN syAthd! #1 TREBHSicAf downlink control channel is mopped to the
OFDM symbol #2. Especially,ssifce délay time heeds o dg smalffortké par formation in the
L1/L2 control channel, thezpart Odnformatioads 10 multiplexedioithe head<LITMIisymbol. In the example

shown in the figure, the-b 1/t 2 contiol ghanneland other contrelchannels,areifkequency-multiplexed such

that each of the chiannels includes a plyrality, of frequency,gempanents which re.artanged at some 15

intervals. Such a multiplexing scheme is called distributed frequency division multiplexing (distributed
FDM) scheme. The disf’r?b%‘fgld #bl\%%hegr% s %UviénfaagIé%)ﬁé in fﬁa{\itfrre(ﬁﬁue%}&?n i\gellrsﬁlrggffect can be

obtained. The intervalsBetiéer 20Hreduenty comporteifts if&RrHE idafitieal-With €aehother or different.
In any way, the L1/L2 comtriol tharinel needs o beadistributed evemthéwdlsolea plurality

of frequency components which are arranged at some

15 intervals. Such a multiplexing scheme is called
distributed frequency division multiplexing
(distributed FDM) scheme. The distributed FDM
scheme is advantageous in that frequency diversity
effect can be obtained. The intervals between

20 frequency components may be identical with each
other or different. 1In any way, the L1/L2 control
channel needs to be distributed over the whole
region of the plurality of resource blocks (the
whole region of the system band in the present

25 embodiment) . In addition, as another method, a CDM
scheme can be applied in order to support increase
of the number of users to be multiplexed. By using
the CDM scheme, there is an advantage that the
frequency diversity effect further increases. But,

30 on the other hand, there is a drawback that
reception quality decreases due to break of
orthogonality.

For example, DL RS is transmitted at the

rate of one subcarrier per six subcarriers in the

35 OFDM symbol #1. In the figure, DL RS is mapped to
subcarrier #6xd-5 (d: 1, 2, ...). In addition, the
physical downlink control cannel is mapped to



region of the plurality of resource blocks (the whole region of the system band in the present 25
embodiment). In addition, as another method, a CDM scheme can be applied in order to support increase
of the number of users to be multiplexed. By using the CDM scheme, there is an advantage that the
frequency diversity effect further increases. But, 30 on thg gther hand, there is a drawback that reception
quality decreases due to break of or For example, DL RS is transmitted at the rate of one
subcarrier per six subcarriers in the 35 OFTM symbol #1. In the figure, DL RS is mapped to subcarrier
#6xd-5 (d: 1, 2, ...).In additionr theepiiysiddl towrlinR cohfroFE&Tel 1S ifappedto20- Siibéstriers other
than the subcarrier to whicim&tpAS is niappedk I1f the:figurez anexanmple of Subcarriers-isesstrown in which
Acknowledgement information (WL ACKYNACK)ds mapped; énbdermatian-transmittedioy the physical

downlink control channgh4nthe figure, an_example is shawp in which, Acknowledgement information (UL

AcK/NACK) is ma%oed ttg the ﬁubcargi rggwanldith]g suobggrrielr #(f: -3. Th nun?ner tcg esubcarriers to which

Acknowledgement information 10is mapped IS determined baséd on the maximum humber of user

apparatuses to be multipléxefto Gre STBFEMR ih Thé UpliAk, that'is! iths GelermineB586d 6n the
maximum number of userfapperatuces tHat st Gplink sharedrdtanhel iéne subframe. 15In the
case when the number=0fiQEDR N symiclsdo avhicle the:physicalcdowiilink .contriod chaniel 1s mapped is

three, the configuration-af the:QERM; sybel#3;isibasically the same as the canfiguration of the OFDM
symbol #2 shown, i F'Q-sf‘-r&%‘% 3 gonerete farmat of the part 0 ipfarmation, (o the 14.2.control

channel is described. ig. 9 shovvts formattex%mples (%f,th? L1/ 1c::ontrol channel. In the
examples shown in the™Js ﬁlgSUGr]é, ?(ﬁﬁap% teris are Orepearren(lj1 as the férniat of thé T1/L2 control channel.

The number of symbol$ féttheHumpberdisimibltaneoushy assighed tisers) ctthé FIVE2<Ontrol channel is
different for each patterrs %hichronehsf the fomupatternsé¢g uséd isser apparatuses that
transmit uplink shared channel in one subframe.

15 In the case when the number of OFDM
symbols to which the physical downlink control
channel is mapped is three, the configuration of the
OFDM symbol #3 is basically the same as the
configuration of the OFDM symbol #2 shown in Fig. 8.

20 Next, a concrete format of the part O
information in the L1/L2 control channel is
described.

Fig. 9 shows format examples of the L1/L2
control channel. 1In the examples shown in the

25 figure, four patterns are prepared as the format of
the L1/L2 control channel. The number of symbols
(or the number of simultaneously assigned users) of
the L1/L2 control channel is different for each
pattern. Which one of the four patterns is used is

30 reported by the part 0 information. As described
above, the part 0 information indicates the radio
resource amount used for the L1/L2 control channel.

Since it is necessary that the part 0
information needs to be received correctly even by a

35 user at a cell edge, there is a possibility that the
overhead becomes large. However, the necessary
radio resource amount largely depends on the cell



30 reported by the part 0 information. As described above, the part O information indicates the radio
resource amount used for the L1/L2 control channel. Since it is necessary that the part 0
information needs to be received correctly even by a 35 user at a cell edge, there is a possibility that the
overhead becomes large. However, the necessary radio_rgsource amount largely depends on the cell -30-
radius and the like. Therefore, the system is configured such that the broadcast channel can report the
coding rate and the number of times of iteration used for the part O information_ By configuring like this,
the overhead can be déci8aséd.and theagd g the 5Tt chahfelSWhefthe fiser apparatus 100,
uses the modulation schemfel gnd thie soding ratec(MCS: Mothdationtand Qoding Seheme) reported by the
broadcast channel, thegqupaber ofnkO symbels necessarydfor k32 cantrel elrannelds different according to
MCS level depending %@ga@{rggeqlgfe%%tgn@%ség assigned users. |n qrder toidentify that, control
bits (two bits in the_case srpggvn in.Fig. )ieFre pﬁrﬁ)vide tehsethg Xpearho %gf ig@gn@teio of theag%/(?Z control

ro par :

channel. For example, %?/ repgrlﬁﬁénc ntrol bits of w00 as the part 0 information, t e user apparatus 100,

decodes the control bits so as to be &6le'td Kndt thiat tfe AGMbE? bf SYRBDRof tHBH1/58 ontrol channel
is 20 100. The head twd its sHowaTintFig. 9 Corresponditdthe pavntlG informatidre ithough MCS is
reported by the broadcastechanmehin Figt 8, MCS majobe repdrted by anda3isignaking.ehannel. In
addition, for example, as-shown in Fig. 2610, asthe part @ infarmation for speeifying GFDM symbols to
which the 51/32 clqptrolsmg i%@@@@gg&-% &rlﬁe}% 2 QEDM sympols are assigned respectively to

four types of control infoimation represented by two bits, In addition, 1, 2, 2.5 and
yp 8f¥%erené)accorgigg to MCS leve& depen%ing on the
number of simultaneously assigned users. In order

to identify that, control bits (two bits in the case
shown in Fig. 9) are provided as the part O

15 information of the L1/L2 control channel. For
example, by reporting control bits of “00” as the
part 0 information, the user apparatus 100, decodes
the control bits so as to be able to know that the
number of symbols of the L1/L2 control channel is

20 100. The head two bits shown in Fig. 9 correspond
to the part 0 information. Although MCS is reported
by the broadcast channel in Fig. 9, MCS may be
reported by an L3 signaling channel.

In addition, for example, as shown in Fig.

25 10, as the part 0 information for specifying OFDM
symbols to which the L1/L2 control channel is mapped,
0.5, 1, 1.5 and 2 OFDM symbols are assigned
respectively to four types of control information
represented by two bits. In addition, 1, 2, 2.5 and

30 3 OFDM symbols may be assigned respectively to four
types of control information represented by two bits.
The correspondence relationships are merely examples,
and can be changed as necessary. In Fig. 10,
pattern A and pattern B are shown in which 0.5-2

35 OFDM symbols are assigned in pattern A and 1-3 OFDM
symbols are assigned in pattern B.

Which one of the pattern A and the pattern



30 3 OFDM symbols may be assigned respectively to four types of control information represented by two
bits. The correspondence relationships are merely examples, and can be changed as necessary. In Fig.
10, pattern A and pattern B are shown in which 0.5-2 35 CTTM symbols are assigned in pattern A and 1-3
OFDM symbols are assigned in pattern B. Which one of the pattern A and the pattern -31- 12) is used is
reported by broadcast information, for example. In this case, the broadcast information generation unit 35
generates broadcast information including information which Indicates the radio resource amount of the
L1/L2 control channel corfespentihgitey theRontrefintermatitrwhich spetfigsaOFDM symbols to which
the L1/L2 control chanrelagimapped! Thelradiooeseurcenrambuntudsiag the hifs2zontrol channel also

depends on cell 10 radigsrand thedike, Thereforeyy-configuringdhe system suehthat the bit
configuration of the parf Qdnfpsmation can.he reported, the overhead can he decreasgd. Next,

transmission methgd of the part O 15mlgflcglrg1atigntiﬁ defgr)'%d gvith refelreg e fo Fig. 11. Since the
" :

. . esoyrce a S ontro an
part O information includes informadion |nd|cacf|ng & radio resource amount of the L1/1,2 control channel,

the part 0 information riERHE 6B transmitted @&Squickly 53 possiblé "0 Therefore: the part 0 information
is napped to the first OFP&F syirmdal. HigM 1 whowssthedirstOFDM Bgmbbl ir'thestbfiame configuration
shown in Fig. As shownrirekige 11; a reteserce sighatisradpped everyrg subcariets asthedfirst OFDM

symbol. The 25 part O.igf;gr_rtajipﬂzis Mmappedh tothe subframe, Ueggg@@ﬁlemn@eqtmer than the portion
where the reference signal s mapped, The |L;resourcg,element is dgfined by 1 QEDM, symbol. and 1

subframe. For example, the gart 0 in}flormatlon IS 30 mapged ver predetermgneg‘ number of subcarriers,
that is. everv 12 sub S%Ft m sugd|t§at the l%l o 1% ration of .the Partdt h
: y 12 subcarriers, repeatedly; tor example. Also, ffequency hopping is performed to change

mapping positions of the'reférante Sigriat forEachPirames Thetetbre” fioht fiieviedpofitit of 35 reducing
collision between the par@rinferatation and the reference signal, it is desirable that the part O information
is mapped by shifting it by an Next, transmission method of the part 0

15 information is described with reference to Fig. 11.
Since the part 0 information includes
information indicating the radio resource amount of
the L1/L2 control channel, the part 0 information
needs to be transmitted as quickly as possible.

20 Therefore, the part 0 information is mapped to the
first OFDM symbol. Fig. 11 shows the first OFDM
symbol in the subframe configuration shown in Fig. 7.
As shown in Fig. 11, a reference signal is mapped
every 6 subcarriers at the first OFDM symbol. The

25 part 0 information is mapped to the subframe
(resource element) other than the portion where the
reference signal is mapped. The 1 resource element
is defined by 1 OFDM symbol and 1 subframe.

For example, the part 0 information is

30 mapped every predetermined number of subcarriers,
that 1is, every 12 subcarriers, repeatedly, for
example. Also, frequency hopping is performed to
change mapping positions of the reference signal for
each frame. Therefore, from the viewpoint of

35 reducing collision between the part 0 information
and the reference signal, it is desirable that the
part 0 information is mapped by shifting it by an



-32- amount the same as a shift amount of a mapping position of the reference signal which is shifted
from a mapping position of the reference signal in the previous frame. Alternatively, the part O information
may be shifted only when it collides with the reference signal. In addition, when space-frequency
block coding (SFBC) is applied to the part O information sg.that the part O information is transmitted by
two 10 antennas, consecutive two subcarriers are assigned to the part O information as shown in Fig. 11.
Different coding is performed for the two antennas in units of two complex symbols (Cl, C2: corresponding
to four bits). In Fig. 11, 3% iRdicates 6p&ratian of cofipléx eBrjughtet @ magmgeR shows a mapping
example of informationdaitsi(partrO mformmation ire treenkl 2 contedl chanriel insthelcasesaf using three
sector configuration. Inthecase®f threesasterid0 eenfiguratien, three-types of patternsimay be prepaxed

in order to transmit informatign bits (part ,information) indicating transmissiop_format of the La/L2 control
channel, so that e%ch of rtli%% Pattgr.ns may bebaessé%ne to.one ?f thehséectorts séucp that the 25 patterns do
' [ t

. d o
not overlap with each other in the %r%r(]quen(gy domain. fsel%% ﬁ/g the rﬁat]tern soucjhl at the transmission

patterns in adjacent seltor< (dr'Gells§ f Giffefent Witlf éach other, effect of interference coordination can
be obtained. 30Fig. 13 shows various®exaftplés ef multiptexifg aethdds IakisugHPthedk/L2 control
channels are multiplexed asing the xhstyibutedspPMischeme imthepabaves mentioned example, various

multiplexing methods sygh @as00de-division-3% multiplexing (SPM): mayhesused.Ligp13(d) shows a
situation in which multiglexing is performed ysing, the, distributed FDM scheme. ?Xéﬁ%g]%@e numbers of
e

-33- 1, 2, 3 and 4 for spteoufgw dlg%rtet% fregttjgr}%ctzgrggogentshgl rr11alisnofFusers_lc n properly mgde
orthogonal. However, the numbers are ho necessarljry regu?arfy &rrangéd fike this example. In addition,

by using different rulesbetweéR abjacent eells, inteffeféricerambtintsiwhen perfdfhiifg fansmission
power control can be randomizéd. Big. two complex symbols (Cl, C2:
corresponding to four bits). In Fig. 11, *

15 indicates operation of complex conjugate.

Fig. 12 shows a mapping example of
information bits (part 0 information) in the L1/L2
control channel in the case of using three sector
configuration. In the case of three sector

20 configuration, three types of patterns may be
prepared in order to transmit information bits (part
0 information) indicating transmission format of the
L1/L2 control channel, so that each of the patterns
may be assigned to one of the sectors such that the

25 patterns do not overlap with each other in the
frequency domain. By selecting the pattern such
that the transmission patterns in adjacent sectors
(or cells) are different with each other, effect of
interference coordination can be obtained.

30 Fig. 13 shows various examples of
multiplexing methods. Although the L1/L2 control
channels are multiplexed using the distributed FDM
scheme in the above-mentioned example, various
multiplexing methods such as code division

35 multiplexing (CDM) may be used. Fig. 13(1l) shows a
situation in which multiplexing is performed using

the distributed FDM scheme. By using the numbers of



13(2) shows a situation in which multiplexing is performed using the code division multiplexing (CDM)
10scheme. By using codes 1, 2, 3 and 4, signals of users can be orthogonalized properly. This scheme is
preferable from the viewpoint of effectively reducing other cell interference. By the way, as to the
transmission method of 15 the part O information, both o_fMQS (combination of modulation scheme and
channel coding rate) and transmission power applied to the part O information may be kept constant, or
MCS may be kept constant but transmission power may be controlled variably. 20 Further, the part O
information may be kept.comméni8 all users residifg iy e cell S6r thectransifiissivhformat of the L1/L2
control channel may becdifferertramong users] For Example; fora user neapthellyase2® station
apparatus, the transmission foysrat can be aptimizeddneproperly changing.the contents of the part 0

information. But, the transmission fermat.may not be changed like this for auser, af,a cell edge (the format
may be kept constgnt).f—rllovg%\é%rt It < r?,lsbnecgg%%/t a |Pforrénnactlon |5A_g|caggg v\vNeherE er a user belongs to
a group of the cell edge |s,reporte31 t0'the Uiser usi 2 control c%annel, for example. If a

, he downlink L1

user does not belong té thegfidtip GFthe Tell guger %‘?e‘ﬁ&ﬁ% iAfgrHAtion S Fépatted 85 By Wiransmission
format which is changedmopeily tévery PRvin arcextreine case). ita usefbalbngs to the group of the cell
edge, control informatiars{3%- is neported ysingadenstant transrhissiontformaking is Fig. 14 shows a
multiplexing example of ther3432.cantroh ghanrel when multiplexing a.plurality: of usersc hhe 31/32
control channel is mapped within S]Q/F QMggm(pg&sei@ ele}ctbs,ubjram%. 4, si glggrl%xad'gple, subcarriers
assigned to the 31/32 control chann%leform ahpluralit)éof control resoyrce blo%k.s. For example, one control

resource block is forme%sk?ff X scuab%arrier%]i iS Ah in elgze?%f Eif)%&ed} As thé v%lf‘uesﬁ,hgﬁ1 %ptimum value is

prepared according to He §/strRIBAAG ahd the fikE. FDRM'EPRYBricPdf €DM ahd FDM is used for the
plurality of control resourcéublocks. AWhem acpiudality: 6FOFDM symbols are used for the 31/32 control
channel, the 15 control resourcemdjoekis mapped 0 everyn@QFDM symbek flde mdvhernobeontrol resource

blocks is reported by theRrogdeastchannglnmat i on, The 34/32canitol chanpelis datarmodulated using
QPSK or 16 QAM. Wh%%gﬂuralit of

atlé% scheme and channel coding rate) and
transmission power applied to the part 0 information
may be kept constant, or MCS may be kept constant
but transmission power may be controlled variably.
20 Further, the part 0 information may be kept common
to all users residing in the cell, or the
transmission format of the L1/L2 control channel may
be different among users.
For example, for a user near the base
25 station apparatus, the transmission format can be
optimized by properly changing the contents of the
part 0 information. But, the transmission format
may not be changed like this for a user at a cell
edge (the format may be kept constant). However, it
30 is necessary that information indicating whether a
user belongs to a group of the cell edge is reported
to the user using the downlink L1/L2 control channel,
for example. If a user does not belong to the group
of the cell edge, the part 0 information is reported
35 Dby a transmission format which is changed properly
(every TTI, in an extreme case). If a user belongs
to the group of the cell edge, control information



20coding rates are used (R1, R.2,Pm.), Rn is set to be RI/n. Even when the uplink scheduling information
and the downlink scheduling information are different in the number of bits, control resource blocks of the
same size are used by using 25 rate matching. For example, by setting a shift amount of a start
position for mapping symbols included in the control resouyce block to be different among cells, it can be
realized to randomize interference among 30cells (sectors). An example is described with reference to
Fig. 15. in cell A, first and second symbols included in the control resource block of each use are mapped
in an order starting from usePB{UEH1YSN8gt, thiftPard fourth symbBisSAélaled 35atthe control
resource block of each user are shifteddy art apiount of twa Usérs| andrayeanappadinodn order starting

from the user #3 (UE#3)nNext, +35- fifth, and sixth symbpls.includediin the €entrgl resource block of each
user are further shifted by an amount ef twq users, and are mappedhin,an order starfing from, the user #5
(UE45). These are §ssigged in.an Dr%‘j{rﬁ For gggwpsle I;Bgﬁg are ag%igl[ﬁeg irfj%Qaasgending order of
subcarrier number of the ﬁ@?gﬁﬁﬁ symbol. On the %rfher andr,1 i cell B; firs and second symbols

included in the control resource 10 bidtk GFPEdER e SrPmapped it an Brdersartirty frém user WM
(UE#1). Next, third andifolith sypibols incilidethinlthé contral Fesbired block fof @aehiuser are shifted by
an amount of one user ranrcaremappedin an arder starting fronvihe user#OUE#2)o Next, 15 fifth and

sixth symbols includedn the.cantral desurcs placksal-each-userarefurther shifted by-an amount of one

user, and are mapped gg%r} ordey starting from the us%#%&gﬁ%)m I@ggggiogsfofggé@g}pgg, as shown in
Fig. 20 16, the shift amount of the start position of rﬁap%ingd%fgxgpbols indﬂgeed in the control resource
u

block may be set to be Hitrsrent gr%o%a c%klllg, SAd Fuerrfher?s CHifiers that are not Gised f:r’lrneighbor cells

my be used, so that intéi&retiteTanBel25e6ordiatéd. 1sed e, 17shdwsra paftial Block diagram of
the user apparatus 100; ¥seddd anembodiment of e présent inventiomaRigt 17 shoWsl& carrier

symbols are used for the L1/L2 control channel, the
15 control resource block is mapped to every OFDM
symbol. The number of control resource blocks 1is
reported by the broadcast channel.
The L1/L2 control channel is data-
modulated using QPSK or 16 QAM. When a plurality of
20 coding rates are used (R1, R2, °**, Rn), Rn is set
to be R1/n. Even when the uplink scheduling
information and the downlink scheduling information
are different in the number of bits, control
resource blocks of the same size are used by using
25 rate matching.
For example, by setting a shift amount of
a start position for mapping symbols included in the
control resource block to be different among cells,
it can be realized to randomize interference among
30 cells (sectors). An example is described with
reference to Fig. 15. In cell A, first and second
symbols included in the control resource block of
each use are mapped in an order starting from user
#1 (UE#1). Next, third and fourth symbols included
35 in the control resource block of each user are
shifted by an amount of two users, and are mapped in
an order starting from the user #3 (UE#3). DNext,



frequency tuning unit 81, a filtering unit 82, a 30cyclic prefix (OP) removing unit 83, a fast Fourier
transform unit (FFT) 84, a CQI measurement unit 85, a broadcast channel (or paging channel) decoding
unit 86, a LI4L2 control channel (part 0) decoding unit 87, a L141,2 control channel decoding unit 88 35
and a data channel decoding unit 89. The carrier frequency tuning unit 81 properly adjusts the
center frequency of a reception -36- band in order to be able to receive a signal of a frequency block
assigned to the terminal. The filtering unit 82 filters the received sl gnal. The cyclic prefix
removing unit 83 removestGlareriftetvalTror YR paceived sighaf ahd éxtracts ah effective symbol part
from the received symbot.sPhe fastF-burier transforin wst (FFER)<B84f 10 peeforms fastdcourier transform on
information included in ihe effectie symbalsa:as te pedarm demaedifation ofitherOEbM scheme.

The CQI measurementunit 83 measpres regeption power evel of the pilat.channel included 15 in the

received signal, a fegoslss Ehen@gasgrearple%trrggglt ba%‘:lé Io g}? pﬂa e station apparatus as channel state
information CQI. CQIl is mea%ured tbr every resource block in the’ requency blocﬁ, and all of them are
reported to the base statioh Spf&ratis. P THE BroHdtast ER&ANE (or PAGING thahnBl detbding. unit 86
decodes a. broadcast chianhet Whea a 9agitg ekhahaeél-is included, it is also decoded.

On the other hand, in cell B, first and

second symbols included in the control resource

10 block of each use are mapped in an order starting
from user #1 (UE#1). Next, third and fourth symbols
included in the control resource block of each user
are shifted by an amount of one user, and are mapped
in an order starting from the user #2 (UE#2). Next,

15 fifth and sixth symbols included in the control
resource block of each user are further shifted by
an amount of one user, and are mapped in an order
starting from the user #3 (UE#3).

In addition, for example, as shown in Fig.

20 16, the shift amount of the start position of
mapping of symbols included in the control resource
block may be set to be different among cells, and
further, subcarriers that are not used in neighbor
cells my be used, so that interference can be

25 coordinated.

Fig. 17 shows a partial block diagram of
the user apparatus 100, used in an embodiment of the
present invention. Fig. 17 shows a carrier
frequency tuning unit 81, a filtering unit 82, a

30 cyclic prefix (CP) removing unit 83, a fast Fourier
transform unit (FFT) 84, a CQI measurement unit 85,
a broadcast channel (or paging channel) decoding
unit 86, a L1/L2 control channel (part 0) decoding
unit 87, a L1/L2 control channel decoding unit 88

35 and a data channel decoding unit 89.

The carrier frequency tuning unit 81

properly adjusts the center frequency of a reception



The 31/32 control channel (part 0) decoding unit 87 decodes information of part O in 25 the 31/32 control
channel. By using the part 0, the radio resource amount used for the 31/32 control channel and the
transmission format of the 31/32 control channel can be recognized. The 31/32 control channel decoding
unit 88 30 decodes the 31/32 control channel. included in.the received signal to extract scheduling
information. The scheduling information includes information indicating whether resource blocks are
assigned to a shared data channel for the terminal, and includes 35 information indicating resource block
numbers if resource bl&cksaretassigted. Thet®1/32 £onfrél évaifhel hdudesdintdrntation of data
modulation, -37- channét eading satecand HARR 1 for¢he shatddedatachamnél. The data channel decoding

unit 89 decodes the shared data channel includediinghe receiged signatbased en the infogmnation
extracted from the Li/L2 ggggql_channel. Positive acknowledgement (ACK) or negative acknowledgement
may be reported tq the base station %Bgargtuslgccording to the decodinguresglt. :EOLike Fi%. 17, Fig. 18

r

shows a partial block diagram of the user aﬁﬁara?ugﬁ ni.XFi]é.eTgxélp%%arsn 0 bg different from Fig. 17 in

that individual pieces 0%ohtrol inffditation are*8hdwit nfsie Toheretely? The satié' reference symbols 15
indicate the same elennts ircrigs 217 ah8els: 1V the fighre! "ipside resotrcelisiock deaiapping” indicates
extracting information rmgpped to one or more resource blocks assigned to a specific user apparatus

100n. The "outside resource block 20 demapping‘-indicates- extractingnformatiopmapped to the whole
frequency blocks igcluding many.resource-hlocks. Far the sake of conyenienge of sxplanation,
included in the effective symbol so as to perform
demodulation of the OFDM scheme.
The CQI measurement unit 85 measures
reception power level of the pilot channel included
15 in the received signal, and feeds the measurement
result back to the base station apparatus as channel
state information CQI. CQI is measured for every
resource block in the frequency block, and all of
them are reported to the base station apparatus.
20 The broadcast channel (or paging channel)
decoding unit 86 decodes a broadcast channel. When
a paging channel is included, it is also decoded.
The L1/L2 control channel (part O0)
decoding unit 87 decodes information of part 0 in
25 the L1/L2 control channel. By using the part 0, the
radio resource amount used for the L1/L2 control
channel and the transmission format of the L1/L2
control channel can be recognized.
The L1/L2 control channel decoding unit 88
30 decodes the L1/L2 control channel included in the
received signal to extract scheduling information.
The scheduling information includes information
indicating whether resource blocks are assigned to a
shared data channel for the terminal, and includes
35 information indicating resource block numbers if
resource blocks are assigned. The L1/L2 control
channel includes information of data modulation,



the present invention is described by using some 25 embodiments. But, classification into each
embodiment is not essential in the present invention, and equal to or more than two embodiments may be
used as necessary. While s ecHfic numerical value examples are used to facilitate understanding of the
30 present invention, such numerical values are merely examples, so that any appropriate value may be
used unless specified otherwise. As described above, while the present invention is described with
reference to specific 35 embodiments, the respective embodiments are merely exemplary, so that a
skilled person will undetStanas/ariatiens mbdifieafions, Hieendtest &Rd SI38t pepldéérments. For
convenience of explanatiomwehile the apparatus according to the embodiments of the present invention is
explained using functional block diagramsg sueh an=apparatus asadessribedaboyednay bedmplemented

in hardware, software, or,a comination. thereof, The present jguentian isnot fimited toghe above

embodiments, so that varlatl%[fs mod| |cat|on§} alterr%atlves and reglgcemen&s %re mcl&ged in the present
invention without epar?ln from the spirit of the resenaf invention fesent international

application claims priority %%e&%tj%ﬁ)]an%%érﬁbefént applicafion ﬁ&%@‘?‘iéﬁ@&”ﬁ@& in the JPO on
May 1, 2007, and the effif&contentseofthe Japankse patsitersapplitatioR Ne. 2007124302 is
incorporated herein by teference: 260t25.ion apparatus according to the decoding

result.

10 Like Fig. 17, Fig. 18 shows a partial
block diagram of the user apparatus 100,. Fig. 18
appears to be different from Fig. 17 in that
individual pieces of control information are shown
more concretely. The same reference symbols

15 indicate the same elements in Figs. 17 and 18. 1In
the figure, “inside resource block demapping”
indicates extracting information mapped to one or
more resource blocks assigned to a specific user
apparatus 100,. The “outside resource block

20 demapping” indicates extracting information mapped
to the whole frequency blocks including many
resource blocks.

For the sake of convenience of explanation,
the present invention is described by using some

25 embodiments. But, classification into each
embodiment is not essential in the present invention,
and equal to or more than two embodiments may Dbe
used as necessary. While specific numerical wvalue
examples are used to facilitate understanding of the

30 present invention, such numerical values are merely
examples, so that any appropriate value may be used
unless specified otherwise.

As described above, while the present
invention is described with reference to specific

35 embodiments, the respective embodiments are merely
exemplary, so that a skilled person will understand

variations, modifications, alternatives, and



30 -39- CLAIMS 1. A base station apparatus used in a mobile communication system to which an
OFDM scheme is applied in downlink, comprising: a scheduler configured to perform assignment
of radio resources to a user apparatus for each subframe; a control channel generation unit 10 configured
to generate a control channel for reporting a result of scheduling by the scheduler to the user apparatus;

and a mapping unit configured to map the control channel and a data channel, 15wherein the
control information includes information indicating a radio resource amount used for the control channel,
and the mapphfd LAk PRATBIEXes Tif6rrmaiort indfidatingthe Fa8ibressurce atiddntused for the

20 control channel into ahfirst OF-DM tsymibot 2521 ifte base: stationapparatus ascdlainted in claim 1,
wherein the informationpinglicatingithe sadiogesedrcexamauntef the comtrolehannel 4 mapped to a
subcarrier other than syheariiers; towhich a. reference sigpalisimapped. 30,3, The basg station
apparatus as claimed 35 In glaim 1, wherein two antenna,lransmission i$. re, or a
combination thereof. The present invention is not
limited to the above embodiments, so that wvariations,
modifications, alternatives, and replacements are
included in the present invention without departing
10 from the spirit of the present invention.
The present international application
claims priority based on Japanese patent application
No.2007-121304, filed in the JPO on May 1, 2007, and
the entire contents of the Japanese patent
15 application No0.2007-121304 is incorporated herein by

reference.
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performed by space frequency block coding, and the information indicating the radio -40- resource
amount of the control channel is mapped to consecutive two subcarriers. 4. The base station
apparatus as claimed in claim 3, wherein control information of each user is mapped to each OFDM
symbol within three OFDM 10 symbols in which the contrgl,channel is mapped, and the mapping unit
shifts the control information of each user in each OFDM symbol or mapping the control information. 15
5. The base station apparatus as claimed in claim 4, wherein the shift amount is different 20for each cell
256. The base station apparatus as claimed in claim 3¢whétein control information of each user is
mapped to each OFDM symbol within three OFDM symbols in which the control channel is mapped, and
the mapping unit maps the control 3Q infarmatien et each Userte=a: subsatrigravhigh és not used in
ne@hborce”S“qeaChggggmdéyggﬁ%ﬁ%%ég{ion system to which an OFDM scheme
5 is applied in downlink, comprising:
a scheduler configured to perform
assignment of radio resources to a user apparatus
for each subframe;
a control channel generation unit
10 configured to generate a control channel for
reporting a result of scheduling by the scheduler to
the user apparatus; and
a mapping unit configured to map the
control channel and a data channel,
15 wherein the control information includes
information indicating a radio resource amount used
for the control channel, and
the mapping unit multiplexes information
indicating the radio resource amount used for the

20 control channel into a first OFDM symbol.

25 2. The base station apparatus as claimed
in claim 1, wherein the information indicating the
radio resource amount of the control channel is
mapped to a subcarrier other than subcarriers to
which a reference signal is mapped.

30

3. The base station apparatus as claimed
35 in claim 1, wherein two antenna transmission is
performed by space frequency block coding, and
the information indicating the radio



communication system to which an OFDM scheme is applied in downlink, comprising: a scheduling step
of performing assignment of radio resources to a user apparatus for each subframe: a control
channel generation step of generating a control channel for reporting a result of scheduling of the
scheduling step to the user apparatus; and 10a mapping gtep of mapping the 11/52 control channel and a
data channel, wherein, in the mapping step, information that is included in control information and that

indicates a radio resource amount used for the 15 control channel is multiplexed into a first OFDM
symbol. 20 25 30 resource amount of the control channel is mapped to

consecutive two subcarriers.

4. The base station apparatus as claimed
in claim 3, wherein control information of each user
is mapped to each OFDM symbol within three OFDM

10 symbols in which the control channel is mapped, and
the mapping unit shifts the control
information of each user in each OFDM symbol for
mapping the control information.

15

5. The base station apparatus as claimed
in claim 4, wherein the shift amount is different
20 for each cell.

25 6. The base station apparatus as claimed
in claim 3, wherein control information of each user
is mapped to each OFDM symbol within three OFDM
symbols in which the control channel is mapped, and

the mapping unit maps the control

30 information of each user to a subcarrier which is

not used in neighbor cells in each OFDM symbol.

35
7. A communication control method in a

base station apparatus used in a mobile
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communication system to which an OFDM scheme is
applied in downlink, comprising:

a scheduling step of performing assignment
of radio resources to a user apparatus for each
subframe;

a control channel generation step of
generating a control channel for reporting a result
of scheduling of the scheduling step to the user
apparatus; and

a mapping step of mapping the L1/L2
control channel and a data channel,

wherein, in the mapping step, information
that is included in control information and that
indicates a radio resource amount used for the
control channel is multiplexed into a first OFDM

symbol.





