-1- SPECIFICATION TITLE OF THE, INVENTION BASE STATION,
COMMUNICATION TERMINAL, TRANSMISSION METHOD AND
RECEPTION METHOD 5 TECHNICAL FIELD The present invention
relates to a technical field of radio communications. More particularly, the
present invention relates to a 10 base stétijo‘n, a communication terminal,
a transmission method, and a reception method used for a
communication system in which fregpgneysfbaduling and multicarrier
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15 BACKGROUND ART
In this kind of technical fTield, i1t is
becoming more and more important to realize wideband
radio access for performing high speed large
capacity communication efficiently. Especially, as

20 for downlink channels, a multicarrier scheme, more
particularly, that is an Orthogonal Frequency
Division Multiplexing (OFDM) scheme is considered
promising from the viewpoint of performing high
speed large capacity communications while

25 suppressing multipath fading effectively, and the
like. Then, performing frequency scheduling is also
proposed in a next generation system In terms of
improving throughput by increasing frequency use
efficiency.

30 As shown in Fig.1l, a frequency band that
can be used in the system is divided to a plurality
of resource blocks (divided to three blocks in the
example of the figure), and each of the resource
blocks includes one or more subcarriers. The

35 resource block is also called a frequency chunk. A
terminal 1s assigned one or more resource blocks.
In frequency scheduling, a resource block is




terminal is assigned one or more resource blocks. In frequency
scheduling, a resource block is 2 assigned to a terminal in which channel
state is good by priority according to received signal quality or channel
state information (CQI: Channel Quality Indicator), of each of resource
blocks of a 5 downlink pilot channel, repo‘r?e‘d from terminals, so that
transmission efficiency or throughput of the whole system is tried to
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15 example) used for the scheduled resource block, a
channel coding information (channel coding rate and
the like, for example), and a hybrid automatic
retransmission request (HARQ: Hybrid Auto Repeat
ReQuest) are transmitted using the control channel.

20 The technique for dividing a frequency band into a
plurality of resource blocks and changing modulation
schemes for each resource block i1s described in the
non-patent document 1, for example.

[Non-patent document 1]

25 P.Chow,J.Cioffi,J.Bingham,“A Practical Discrete
Multitone Transceiver Loading Algorithm for Data
Transmission over Spectrally Shaped Channel”,lEEE
Trans.Commun.vol .43,No.2/3/4,February/March/April
1995

30
DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

On the other hand, in a future radio
access scheme of next generation, various wide and

35 narrow frequency bands are prepared, so that it may
be required that a terminal can use various bands
according to locations or usages. In this case, as




access scheme of next generation, various wide and 35 narrow frequency
bands are prepared, so that it may be required that a terminal can use

various bands according to locations or usages. In this case, as to

frequency bandwidths that the terminal can receive, various wide and

narrow frequency bands may be pre-par‘eﬁ‘according to usage or price.

Also in this case, if frequency scheduling is properly 5 performed,
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chané:e Symbols necessary for__transmitting the control

13 annel is different On the other hand, 7if a specific resource
block common to every terminal i1s fixedly assigned
for a control channel, since channel states of
terminals are generally different for each resource
block, there is a fear that the control channel

20 cannot be properly received depending on the
terminal. In addition, when the control channel is
distributed to all resource blocks, any terminal may
receive the control channel with a certailn receive
quality. But, it becomes difficult to expect

25 receive quality better than that. Therefore, it is
desired to transmit a control channel to terminals
with higher quality.

In addition, when adaptive modulation and
coding (AMC) control is performed in which

30 modulation schemes and channel coding rates are
adaptively changed, a number of symbols necessary
for transmitting the control channel is different
for each terminal. This 1s because an information
amount transmitted per one symbol is different

35 depending on combination in AMC. 1In addition, in
future systems, i1t is considered to transmit and
receive separate signals using a plurality of



for each terminal. This is because an information amount transmitted per

one symbol is different 35 depending on combination in AMC. In addition,

in future systems, it is considered to transmit and receive separate

signals using a plurality of -4- antennas provided in each of a transmission

side and a receiving side. In this case, tié'before- mentioned control

information such as scheduling information and the like may be
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is to provide a base-station, a _ o

15 format that can flexibly support variation of the
control information amount. But, there i1s a fear
that signal processing load in the transmitting side
and the receiving side becomes large. In contrast,
when the format is fixed, It Is necessary to reserve

20 a Tield specific for the control channel adapting to
a maximum information amount. But, by doing that,
even 1f the field specific for the control channel
IS unoccupied, resources of that part are not used
for data transmission, so that it contradicts the

25 requirement of effective use of resources.
Therefore, 1t i1s desired to transmit the control
channel easily and efficiently.

The present invention is contrived for

solving at least one of the above-mentioned problems,

30 and the object is to provide a base station, a
communication terminal, a transmission method and a
reception method for efficiently transmitting a
control channel to various terminals in which
bandwidths by which communication can be performed

35 are different, in a communication system in which a
frequency band assigned to the communication system
is divided into a plurality of frequency blocks each



communication terminal, a transmission method and a reception method
for efficiently transmitting a control channel to various terminals in which
bandwidths by which communication can be performed 35 are different, in
a communication system in which a frequency band assigned to the
communication system is divided into a EI%IFaIity of frequency blocks each
of which includes a plurality of resource blocks each including one or
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base Station using 1n an odimen e present invention is used in a
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comnfurdcatienGysteloinkisides a plurality of frequency blocks wherein
each of the frequency blocks includes a plurality of resource blocks each
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15 one or more frequency blocks. The base station
includes:

means configured to manage correspondence
relationship between bandwidths by which individual
communication terminals can perform communication

20 and frequency blocks to be assigned to the
communication terminals;

a frequency scheduler configured to
determine, for each frequency block, scheduling
information for assigning one or more resource

25 blocks to a communication terminal being in a good
channel state;

means configured to generate a control
channel including the scheduling information for
each frequency block;

30 multiplexing means configured to frequency
multiplexing control channels generated for each
frequency block within the frequency band provided
to the communication system; and

means configured to transmit an output

35 signal of the multiplexing means using a
multicarrier scheme.

A base station used In an embodiment of



30 multiplexing means configured to frequency multiplexing control
channels generated for each frequency block within the frequency band
provided to the communication system; and means configured to transmit
an output 35 signal of the multiplexing means using a multicarrier
scheme. A base station used in an embodfifient of -6- the present
invention is a base station of a multicarrier scheme that performs
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presefbHYEBHF LIS afAseSIAEIME A channel including a non-
specific control channel to be decoded by a non-

15 specific communication terminal and a specific
control channel to be decoded by a specific
communication terminal to which one or more resource
blocks are assigned;

multiplexing means configured to time

20 multiplexing the non-specific control channel and
the specific control channel according to the
scheduling Information; and

means configured to transmit an output
signal of the multiplexing means using a

25 multicarrier scheme.

A base station used In an embodiment of
the present invention iIs a base station of a
multicarrier scheme that performs frequency
scheduling in a frequency band including a plurality

30 of resource blocks each including one or more
subcarriers. The base station includes:

a frequency scheduler configured to
determine scheduling information for assigning one
or more resource blocks to a communication terminal

35 in a good channel state based on channel state
information reported from individual communication
terminals;



multicarrier scheme that performs frequency scheduling in a frequency

band including a plurality 30 of resource blocks each including one or

more subcarriers. The base station includes: a frequency scheduler

configured to determine scheduling information for assigning one or

more resource blocks to a communicatiofi f&rminal 35 in a good channel
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15 subcarriers. The base station includes:

a frequency scheduler configured to
determine scheduling information for assigning one
or more resource blocks to a communication terminal
in a good channel state based on channel state

20 information reported from individual communication
terminals;

multiplexing means configured to multiplex
a control channel and a data channel according to
scheduling information; and

25 means configured to transmit an output
signal of the multiplexing means using a
multicarrier scheme. A control channel to be
decoded by a specific communication terminal is
mapped limitedly to a resource block assigned to the

30 specific communication terminal.

A base station used In an embodiment of the
present invention is a base station of a
multicarrier scheme that performs frequency
scheduling in a frequency band including a plurality

35 of resource blocks each including one or more
subcarriers. The base station includes:

a frequency scheduler configured to



signal of the multiplexing means using a multicarrier scheme. A control
channel to be decoded by a specific communication terminal is mapped
limitedly to a resource block assigned to the 30 specific communication
terminal. A base station used in an embodiment of the -Present invention

is a base station of a multicarrier schemé&®at performs frequency

scheduling in a frequency band including a plurality 35 of resource blocks
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EFFECT OF THE INVBN{KIMxing means configured to time
multiplex the non-specific control channel and the

15 specific control channel according to the scheduling
information; and

means configured to transmit an output

signal of the multiplexing means using a
multicarrier scheme. The non-specific control

20 channel includes information indicating a
transmission format of the non-specific control
channel .

EFFECT OF THE INVENTION

25 According to the present invention, it
becomes possible to efficiently transmit a control
channel to various terminals in which bandwidths by
which communication can be performed are different,
in a communication system in which each of a

30 plurality of frequency blocks forming a system
frequency band includes a plurality of resource
blocks each including one or more subcarriers.

BRIEF DESCRIPTION OF THE DRAWINGS
35 Fig.1l is a diagram for explaining
frequency scheduling;
Fig.2 1s a diagram showing a frequency




25 According to the present invention, it becomes possible to efficiently

transmit a control channel to various terminals in which bandwidths by

which communication can be performed are different, in a communication

system in which each of a 30 plurality of frequency blocks forming a

system frequency band includes a plurality of resource blocks each

including one or more subcarriers. BRIEF DESCRIPTION OF THE
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information item examples of control signaling channels
diagr&h QPRI Q) IRARARN BT mcﬁeﬁ@r&ﬁ%‘ dishBuRRIIFDM

scheme; Fig. SC islaldiagfamishaaving ag tAR soaval rpasied malhich a
number E8YRIeIE CBARGRSNts on a control channel;

Fig.4D is a diagram showing signal

15 processing elements on a control channel;

Fig.4E 1s a diagram showing signal
processing elements on one frequency block;

Fig.5A is a diagram showing information
item examples of control signaling channels;

20 Fig.5B i1s a diagram showing a localized
FDM scheme and a distributed FDM scheme;

Fig.5C 1s a diagram showing a L1/L2
control channel in which a number of symbols changes
according to a number of simultaneously multiplexed

25 users;

Fig.6 1s a diagram showing units of error
correcting coding;

Fig.7A is a diagram showing a mapping
example of data channels and control channels;

30 Fig.7B 1s a diagram showing a mapping
example of data channels and control channels;

Fig.7C is a diagram showing format
examples of the L1/L2 control channel;

Fig.7D is a diagram showing format

35 examples of the L1/L2 control channel;

Fig.7E 1s a diagram showing mapping

examples of the L1/L2 control channel in a three



according to a number of simultaneously multiplexed 25 users; Fig.6 is a
diagram showing units of error correcting coding; Fig.7A is a diagram
showing a mapping example of data channels and control channels; 30
Fig.7B is a diagram showing a mapping example of data channels and
control channels; Fig.7C is a diagram shbmﬁg format examples of the
L1/L2 control channel; Fig. 7D is a diagram showing format 35 examples
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iagram showing a manner for grouping
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is a flowchart showing an op
Fig.7J is a dlagram shOW|ng a manner for

grouping users in a cell;

Fig.8A shows a partial block diagram of a
terminal used in an embodiment of the present
invention;

F1g.8B shows a partial block diagram of a
terminal used in an embodiment of the present
invention;

Fi1g.8C shows a block diagram related to a
reception unit of the terminal;

Fig.9 is a flowchart showing an operation
example according to an embodiment of the present
invention;

Fig.10A is a diagram showing relationship
between subjects of error check and channel coding
units;

Fi1g-10B i1s a diagram showing relationship
between subjects of error check and channel coding
units;

Fig.-10C 1s a diagram showing relationship
between subjects of error check and channel coding
units;

Fig.10D 1s a diagram showing a method
example for decreasing information amount of uplink
data transmission related information;

Fig.10E 1s a diagram showing an operation
example when frequency hopping is performed;



example according to an embodiment of the present invention; Fig.10A is
a diagram showing relationship 25 between subjects of error check and
channel coding units; Fig.10B is a diagram showing relationship between
subjects of error check and channel coding units; 30 Fig.10C is a diagram
showing relationship between subjects of effor check and channel coding
units; Fig.10D is a diagram showing a method example for decreasing
ilgforlmati_on amountlf’iﬁﬂ)"ﬂ( $2 détadti?@ﬁéiﬁﬁi@'hlfﬁhtﬁg ifﬁoﬂ@@%\hart of
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is a diagram showing a manner In IC control'is performed.
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unitin frequency blogls ¢ 34 Gaia£hgqag) encEon HAY NJdTeleAR in
1RJOK K FRAAFACARLAAPET (PLPRYUPESPARE! generation 20 unit

Description of reference signs
31 frequency block assignment control unit
32 frequency scheduling unit
15 33-x control signaling channel generation unit in
frequency block x
34-x data channel generation unit n frequency block
X
35 broadcast channel (or paging channel) generation
20 unit
1-x first multiplexing unit on frequency block X
37 second multiplexing unit
38 third multiplexing unit
39 other channel generation unit
25 40 Inverse Fast Fourier Transform unit
41 cyclic prefix adding unit
41 non-specific control channel generation unit
42 specific control channel generation unit
43 multiplexing unit
30 81 carrier frequency tuning unit
82 filtering unit
83 cyclic prefix removing unit
84 fast Fourier transform unit (FFT)
85 CQI measurement unit
35 86 broadcast channel decoding unit
87-0 non-specific control channel (part 0) decoding
unit




1-x first multiplexing unit on frequency block x 37 second multiplexing unit
38 third multiplexing unit 39 other channel generation unit 25 40 Inverse
Fast Fourier Transform unit 41 cyclic prefix adding unit 41 non-specific
control channel generation unit 42 specific control channel generation unit
43 multiplexing unit 30 81 carrier frequen?:}%ﬁning unit 82 filtering unit 83
cyclic prefix removing unit 84 fast Fourier transform unit (FFT) 85 CQI

measgreme-LsieSidti kroadeast shawiriAreqdiee BBl § A9 unit

non-spgcifi | ch rt i it -1.2- 87 :specific
contrﬁgchéﬁéglqﬁeqc((igdi%%%?\ﬁ%% g&e%%ﬁi%ﬂ%r%?éwd;‘rﬁgl egigﬁing unit
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CARRYING OUT THE INVENTION According to an embodiment of the
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or a fixed station. The communication terminal may be called a’ user
appaﬁﬁﬂgw'dth- Accordingly, the control channel can be
efficiently transmitted to various communication
terminals i1n which bandwidths by which communication
can be performed are different. The communication
15 terminal is a mobile terminal or a mobile station
typically, but it may be a fixed terminal or a fixed
station. The communication terminal may be called a
user apparatus.
The control channels generated for each
20 frequency block may be frequency multiplexed
according to a predetermined hopping pattern. This
can equalize communication quality among
communication terminals and among frequency blocks.
A broadcast channel may be transmitted
25 using a band that is a band including a center
frequency of the frequency band provided to the
communication system and that has a bandwidth
corresponding to one frequency block. This allows
any communication terminal that tries to access the
30 communication system to easily connect to the
communication system by receiving a signal of a
minimum bandwidth in the vicinity of the center
frequency.
A paging channel is also transmitted using
35 a band that is a band including a center frequency
of the frequency band provided to the communication
system and that has a bandwidth corresponding to one



The control channels generated for each 20 frequency block may be
frequency multiplexed according to a predetermined hopping pattern.

This can equalize communication quality among communication

terminals and among frequency blocks. A broadcast channel may be
transmitted 25 using a band that is a baﬁ&-?ﬁ‘cluding a center frequency

of the frequency band provided to the communication system and that
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to easlily connect to the: communication system by receiving a signal of a
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block. This makes i%oossible to combine a reception band when standby

and a band for perfofRiigEBf- seUPebNtadfisys BrderkbR oRkRe
viewpbire gletrecryurhioerchf eivess lof 5 feequgdy tunirtpecemede dearepsegling a
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e transmitted using a 10 frequency block assigned to the communication
termif&@ RA&HRding to an embodiment of the present invention, the
control channel mayAbesgplragdtto anoespedfimeortrad €Ehare| poresent

decogef/@ iérﬂ?nﬁpéfciﬁéﬁﬁmur@?&ﬁﬁéqmﬂiﬁ@ e asepnslfisted to

CO””Q‘%@HQ§588$Ff80@%%¥¥8FPSﬂg%ne| to be decoded by a

15 non-specific communication terminal and a specific
control channel to be decoded by a specific
communication terminal to which one or more resource
blocks are assigned, and these channels may be coded
and modulated separately. The non-specific control

20 channel and the specific control channel are time
multiplexed according to scheduling information so
that the control channel i1s transmitted using a
multicarrier scheme. Accordingly, the control
channel can be efficiently transmitted without waste

25 of resources using a fixed format even though
control information amounts are different for each
communication terminal.

The non-specific control channel may be

mapped over the frequency band in a distributed

30 manner, and the specific control channel relating to
a specific communication terminal may be mapped
limitedly to a resource block assigned to the
specific communication terminal. While the quality
of the non-specific control channel can be kept to

35 be equal to or greater than a certain level over the
whole users, the quality of the specific control
channel can be made good. This is because the



communication terminal to which one or more resource blocks are

assigned, and these channels may be coded and modulated separately.
The non-specific control 20 channel and the specific control channel are
time multiplexed according to scheduling information so that the control

channel is transmitted using a multicarriéi

récheme. Accordingly, the

control channel can be efficiently transmitted without waste 25 of
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and one or both of
and adaptive modulation

and coding control are performed on the specific

control channel.

Transmission power control for the non-
specific control channel may be performed such that

the specific communication
resource block is assigned

speciftic control channel with high quality.
although every user or communication

because,
terminal that received the
channel
necessary that the user to
actually assigned succeeds

The non-specific
include information of one
scheme and a coding scheme
control channel.

is obliged to try demodulation,

terminal to which a
can receive the non-
This is

non-specific control

it 1s only
which a resource block is
demodulation eventually.
control channel may

or both of a modulation
applied to the specific

Since the combination of the

modulation scheme and the coding scheme for the non-

specific control channel

is fixed, the user to which

the resource block Is assigned can obtain the
modulation scheme and the coding scheme and the like
for the speciftic control channel by demodulating the



15 the non-specific control channel, and one or both of transmission
power control and adaptive modulation and coding control are performed
on the specific control channel. Transmission power control for the non-
20 specific control channel may be performed such that the specific
communication terminal to which a resodrte block is assigned can
receive the non- specific control channel with high quality. This is
becaywh ﬂgb@@ﬁ‘@%éﬁﬁfr‘lﬁ FOBTaHHeAfIon @}efﬁ'i@' thairiesaived
the napSRRSUACOIR) FhRRAc! s Aiacd ey demadulyion. i is.anly
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non- SpeCIfIC contro anne IS fixe eusertow he resource

block D 8sAGRREANFOBIARURE AR SHRHLRPIE RIS
schenpe fdithe tikef dor thib gpecifiteantrot baammel by detotialbtingitizer of
-15- Wﬁ@mﬁgow\aﬂaah ﬁﬁﬁ'é@%@%m@@%ﬁ@ ”Md‘ﬁf‘i n
13 ceding poatrplga A LR B &%ng%e
anne|n econrol anne fuﬂrecepnon uah can

be miBF&J%r%eFQh@?raﬂﬁﬁ%suBH%V\ferEQE‘&?JI a"r‘nHman%rao% tive
modutation iamaitcoaing) cohtrobael pgriomesidbethescoatd] dwhnel a

total jigRRATR qupbigRiionsl rrafuiaiien Séharﬁﬁé pnd codipg 1Ps
SC“‘*?E%& e S%el‘?tfhmagwolr ﬁi}]‘i’ﬁa |o L‘ifﬁyar%toé’ee et Lfhed

a tot num er éf com ons o es and codi ing
15 he adaptive modulation and coding control

requured quality can be obtained by performing
transmission power control.
[Embodiment 1]
Fig.2 shows a frequency band used In an

20 embodiment of the present invention. Although
concrete numeric values are used for the sake of
description, the values are merely examples, and
various values may be used. The frequency band
(whole transmission band) provided for the

25 communication system has a bandwidth of 20 MHz as an
example. The whole transmission band includes four
frequency blocks 1-4, and each of the frequency
blocks includes a plurality of resource blocks each
including one or more subcarriers. The example

30 shown in the figure schematically shows that each
frequency block includes many subcarriers. 1In the
present embodiment, four types of 5 MHz, 10 MHz, 15
MHz and 20 MHz are prepared as bandwidths for
performing communication. A terminal uses one or

35 more frequency blocks to perform communication using
one of the four bandwidths. A terminal performing
communication in the communication system may be



schemes for the shared data channel. This is because, although required

quality can be obtained 15 by the adaptive modulation and coding control,

required quality can be obtained by performing transmission power

control. [Embodiment 1] Fig.2 shows a frequency band used in an 20

embodiment of the present invention. Althoirgh concrete numeric values

are used for the sake of description, the values are merely examples, and
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In the present embodiment, a control
channel (L1/L2 control signaling channel or low
layer control channel) for reporting scheduling
information of a data channel (shared data channel)
20 1s formed by the minimum bandwidth (5 MHz), and the
control channel is independently provided for each
frequency block. For example, when a terminal
performing communication using a bandwidth of 5 MHz
performs communication using a frequency block 1,

25 the terminal receives a control channel prepared for
the frequency block 1 so that the terminal can
obtain content of scheduling. Which frequency block
the terminal can use for communication may be
reported beforehand using a broadcast channel, for
30 example. |In addition, after starting communication,
a frequency block to be used may be changed. When a
terminal performing communication using a bandwidth
of 10 MHz performs communication using frequency
blocks 1 and 2, the terminal uses adjacent two

35 frequency blocks, and receives both control channels
prepared for the frequency blocks 1 and 2 so that
the terminal can obtain content of scheduling over a



are prepared in the following embodiments is described. However, it can
be understood that the present invention is applicable irrespective of
presence or absence of such choices of the 15 bandwidths. In the present
embodiment, a control channel (L1/L2 control signaling channel or low
layer control channel) for reporting schedutihg information of a data
channel (shared data channel) 20 is formed by the minimum bandwidth (5

MHZ)-ah¢ &heo fontool ghannel s ipderantenty REYIGRErfebeaeh
frequggﬁ;ﬁ/mqﬂglggﬂ ng.arng(lfhghgn %ﬁwf#@t MR iy, yses
communication Using a bandwidth of Zz performs communication

using® #8GRINEy BiYcRa, BEeRueneh P IRekRs Acthdhahnkee

prepaked fornthk fsgu€neynisiociobsontiatalta eermirsal ogn fotrajnency
epntep glscheduling. é(W@:IC*Bft!eﬂﬁa?Cié’M?kn@i!P tpERiagheEs l&rlflfobontro 1
com | e n (0} nn

for s AR o i e ey B oy 2 and
block3o B8 usBa A e dedpbaalners ehkaid peraksRg of
comnauriieatioh Usihgoybanditidthr ahg®e M [Jésfdvimiz cominurdgational

usingdfrRatepes- fHeks apdmniifilCHRINShuIRSIAAGRNbBVRIRE dth of 20
fipaugcy Hlacks; gnd ecp ve@&fﬁﬁ&ﬁﬂt&gﬁ&ﬂ%@f% BIERASAL S i

requency blocks and 2 so tha erminal can in content o

schedUliRg¥RBFY -PAGSKSe SCLEMRE. AN rhfEntagpefdthLobtain
comnawridagiot usihgsechantwlidingof dBeNtHT lnses anijpreatth?ée MHZ .

frequency blocks, ané whre tg derranalRsiipras sererdiqliee k§ingre
frequeneyd b'?ﬁk%lﬁé??b 06 Bi0eR TgigkeTakpte! chapnels

_.B_‘

prepared for the frequenc j n so th erminal can
Iobtaifs €8MERToCEGHMABANg oVel e RiHYIED EBAFHENR terRiHO]

channel i1s distributed and mapped into a plurality
of resource blocks in the frequency block. A
concrete mapping example of the control channel 1is
described later.

20 Fig.3A shows a partial block diagram of a
base station according to an embodiment of the
present invention. Fig.3A shows a frequency block
assignment control unit 31, a frequency scheduling
unit 32, a control signaling channel generation unit

25 33-1 and a data channel generation unit 34-1 in the
frequency block 1, ..., a control signaling channel
generation unit 33-M and a data channel generation
unit 34-M in the frequency block M, a broadcast
channel (or paging channel) generation unit 35, a

30 first multiplexing unit 1-1 for the frequency block
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

35 Transform unit 40 (IFFT) and a cyclic prefix adding
unit 41.

Based on information relating to a maximum



that performs communication using a bandwidth of 20 10 MHz receives all
control channels provided for all frequency blocks so that the terminal can
obtain content of scheduling over the range of 20 MHz. In the figure, four
discrete blocks are shown in a frequency block with respect to the 15
control channel. This shows that the conffdchannel is distributed and
mapped into a plurality of resource blocks in the frequency block. A
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15 sz to use any one band of frequency blocks 1, 2, 3
and 4, or use may be limited to any of these. 1In
addition, a user that performs communication using a
bandwidth of 10 MHz is permitted to use a
combination of adjacent two frequency blocks such as

20 frequency blocks (1, 2), (2, 3) or (3, 4). All of
these may be permitted to use, or use may be limited
to any one of the combinations. A user that
performs communication using a bandwidth of 15 MHz
Is permitted to use a combination of adjacent three

25 frequency blocks such as frequency blocks (1, 2, 3)
or (2, 3, 4). Both of them may be permitted to use,
or use may be limited to any one of the combinations.
A user that performs communication using a bandwidth
of 20 MHz 1s permitted to use all of the frequency

30 blocks. As described later, a usable frequency
block may be changed after starting communication
according to a predetermined frequency hopping
pattern.

The frequency scheduling unit 32 performs

35 frequency scheduling in each of the plurality of
frequency blocks. Frequency scheduling in one
frequency block determines scheduling information so



relationship between individual terminals and frequency blocks, and
reports the content to the frequency scheduling unit 32. Which frequency
block 10 can be used for communication by a terminal that can perform
communication using a bandwidth may be reported beforehand using a
broadcast channel. For example, the broatiast channel may permit a
user performing communication using the bandwidth of 5 15 MHz to use
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bas ann ate’in ormatlon CQI of each resource block
12 _Ported from termif3is. data channel generation unit 34-1 in

the frequency block 1 generates a data channel to be
transmitted using one or more resource blocks in the
frequency block 1. Since the frequency block 1 may
be shared by one or more terminals (users), N data

20 channel generation units 1-1 — N are prepared in the
example shown in the figure. Similarly, as to other
frequency block, data channels of terminals that
share the frequency block are generated.

A first multiplexing unit 1-1 for the

25 frequency block 1 multiplexes signals relating to
the frequency block 1. This multiplexing at least
includes frequency multiplexing. How the control
signaling channel and the data channel are
multiplexed i1s described later. Similarly, other

30 Tfirst multiplexing unit 1-x multiplexes the control
signaling channel and the data channel transmitted
using the frequency block x.

The second multiplexing unit 37 performs

operation for changing position relationship among

35 the various multiplexing units 1-x (x=1, ..., M) on
the frequency axis according to a predetermined
hopping pattern. This function is described in the



5 The control signaling channel generation unit 33-1 in the frequency

block uses resource blocks only in the frequency block | to configure a
control signaling channel for reporting scheduling information in the
frequency block | to terminals 10 Similarly, as to other frequency block, a
control signaling channel for reporting schfeduling information in the
frequency block to terminals is configured using resource blocks only in

the frggdeney RiagledPmEietdata channel generation unit 34-1 in the
frequency block 1 geperaje q t a in
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block used In each terminal.

Other channel generation unit 39 generates
a channel other than the control signaling channel
and the data channel. For example, the other

20 channel generation unit 39 generates a pilot channel.
A pilot channel or a pilot signal i1s some sort of
proper signal that is known iIn the transmission side
and the reception side, and 1t may be referred to as
a reference signal, a reference signal, a known

25 signal, a training signal and the like.

The third multiplexing unit 38 multiplexes
the control signaling channels and the data channels
of each frequency block, and, the broadcast channel
and/or other channel as necessary.

30 The Inverse fast Fourier transform unit 40
performs inverse fast Fourier transform on a signal
output from the third multiplexing unit 38 to
perform modulation based on the OFDM scheme.

The cyclic prefix (CP) adding unit 41 adds

35 a guard interval to a symbol after modulation of the
OFDM scheme to generate a transmission symbol. The
transmission symbol may be generated by adding a



generation unit 35 generates broadcast information such as office data to
be reported to terminals 5 under the base station. Information indicating
relationship between a maximum frequency band by which the terminal
can perform communication and a frequency block that the terminal can
use may be included in control informatioR \When the usable 10
frequency block variously changes, the broadcast information may
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transmission symbol. The transmisSion symbol may be generated by

1Rdingresent embodiment. An uplink signal received by
the two antennas are supplied to an uplink signal
reception unit.
Fig.4A shows signal processing elements on
one frequency block (x-th frequency block). “x” 1s

20 an integer equal to or greater than 1 and equal to
or less than M. Generally, the figure shows a
control signaling channel generation unit 33-x and a
data channel generation unit 34-x relating to the
frequency block x, multiplexing units 43-A and B,

25 and a multiplexing unit 1-x. The control signaling
channel generation unit 33-x Includes a non-specific
control channel generation unit 41 and one or more
specific control channel generation units 42-A,

B,

30 In the control signaling channel, the non-
specific control channel generation unit 41 performs
channel coding and multilevel modulation on a part
of the non-specific control channel (that may be
called non-specific control information) that every

35 terminal using the frequency block should decode and
demodulate, and outputs i1t.

Each of the specific control channel



series of data at the end (or top) of the OFDM symbol to the top (or end).
Fiq.3B shows elements next to the CP adding unit 41 shown in Fig.3A. As
shown in the 5 figure, the symbol to which the guard interval is added is
amplified to a proper power by a power amplifier after processes of digital
analog conversion, frequency conversion‘@hd band limitation and the like
by an RF transmission circuit, and the 10 signal is transmitted via a
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15 associates the specific control channel and the data
channel to a resource block for each terminal to
which the resource block Is assigned.

As mentioned above, coding (and
modulation) for the non-specific control channel 1is

20 performed in the non-speciftic control channel
generation unit 41, and coding (and modulation) for
the specific control channel i1s performed i1In the
speciftic control channel generation units 42-A,
B,...., individually. Therefore, in the present

25 embodiment, as shown in Fig.6 conceptually, the non-
specific control channel includes pieces of
information of all users to whom the frequency block
X §s assigned, and these pieces of information
become a subject for error correcting coding on the

30 whole.

In another embodiment, the non-specific
control channel may be also error correcting coded
for each user. In this case, since each user cannot
uniquely specify which block includes i1ts own

35 information in blocks that are individually error
correcting coded, it is necessary to decode all
blocks. In this another embodiment, since coding



Bach of the specific control channel -22 generation units 42-A, B, . . .

performs channel coding and multilevel modulation on a part of the

specific control channel (that may be called specific control information),

in the control 5 signaling channel, that a terminal to which one or more
resource blocks is assigned in the freque‘n%§‘block should decode and
demodulate, and outputs it. The data channel generation units x-A, B, ...
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15 coding rate and a modulation scheme for the specific
control channel are changed as necessary during
communication, but a channel coding rate and a
modulation scheme for the non-specific control
channel may be fixed. However, it is desirable to

20 perform transmission power control (TPC) for
ensuring signal quality equal to or greater than a
given level. The specific control channel is
transmitted using a good resource block after error
correcting coding is performed. Therefore, downlink

25 data amount may be decreased to some extent by
performing puncturing.

Fig.5A shows an example of types and
information items of downlink control signaling
channels. The downlink control signaling channels

30 include a broadcast channel (BCH), an individual L3
signaling channel (upper layer control channel or
high layer control channel) and a L1/L2 control
channel (low layer control channel). The L1/L2
control channel may include not only information for

35 downlink data transmission but also information for
uplink data transmission. In the following,
outlines of iInformation items transmitted by each



35 information in blocks that are individually error correcting coded, it is
necessary to decode al. blocks . In this another embodiment, since
coding 23 processing is closed for each user, it is relatively easy to add
and charge users. Each user needs to decode and modulate non-specific
control channels of all users. 5 On the off‘%?'ﬁand, the specific control
channel only includes information on a user to which a resource block is

actually apsigned se thriariof peqrecting coding is performed for each

user. Whicrt[élrsgé'@caasg{gngﬂ resqyree block is revealed by 10 decoding
and modulating the non-specific contfol channel. Therefore, it is not
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15 The transmission format is specified by a

data modulation scheme and a channel coding rate.
Instead of the channel coding rate, data size may be
reported. This is because the channel coding rate
can be uniquely derived from the data modulation

20 scheme and the data size.

The maximum number of simultaneously
assigned users indicates a maximum number that can
be multiplexed in 1TTI using one or more of FDM, CDM
and TDM. The number may be the same or may be

25 different between the uplink channel and the
downlink channel.

The resource block placement information
is information for specifying positions of resource
blocks on frequency and time axes used i1in the cell.

30 In the present embodiment, as the frequency division
multiplex (FDM) scheme, two kinds that are a
localized FDM scheme and a distributed FDM scheme
can be used. In the localized FDM scheme,
continuous bands are locally assigned to a user iIn a

35 good channel state on the frequency axis on a
priority basis. This scheme i1s advantageous for
communication of a user of small mobility, data



channel (low layer control channel) The L1/L2 control channel may

include not only information for 35 downlink data transmission but also
information for uplink data transmission. In the following, outlines of
-information items transmitted by each -24- channel are described.

(Broadcast channel) The broadcast chanf@Pis used for re-porting

unchanging information or information 5 changing at a low speed in a cell
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as the frequency division )

15 scheme, for example, a resource of the physical
resource block number 4 is used. In the distributed
FDM scheme shown in the lower side of Fig.5B, when a
resource is specified by “4”, two left halves of
physical resource blocks 2 and 8 are used. In the

20 example shown in the figure, one physical resource
block i1s divided into two. Numbering and the number
of divisions in the distributed FDM scheme may
different for each cell. Thus, resource block
placement information is reported to communication

25 terminals in the cell by the broadcast channel.

When a plurality of antennas are provided

In a base station, MIMO scheme information indicates
which is performed among a single user MIMO (SU-
MIMO:Single User — Multi Input Multi Output) scheme

30 or a multi user MIMO (MU—MIMO:Multi — User MIMO)
scheme. The SU-MINO scheme is a scheme for
communicating with one communication terminal having
a plurality of antennas, and the MU-MIMO scheme is a
scheme for communicating with a plurality of

35 communication terminals each having one antenna
simultaneously.

(Individual L3 signaling channel)



multiplex (FDM) scheme, two kinds that are a localized 'P DM scheme
and a distributed 'P DM scheme can be used. In the localized FDM
scheme, continuous bands are locally assigned to a user in a 35 good
channel state on the frequency axis on a priority basis. This scheme is
advantageous for communication of a use %t smalll mobility, data -25-
transmission of high quality and high capacity, and the like. In the
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individual communication terminals.

The persistent scheduling information
specifies, when persistent scheduling is performed,
a transmission format (data modulation scheme and

20 channel coding rate) of uplink or downlink data
channel, a resource block to be used, and the like.
(L1/L2 control channel)

The downlink L1/L2 control channel may

include not only information related to downlink

25 data transmission but also information related to
uplink data transmission. The former can be
classified into part 0, part 1, part 2a and part 2b.
The part 1 and the part 2a can be classified as the
non-specific control channel, and the part 2b is

30 classified as the specific control channel.

(Part 0)

Part O includes information indicating a
transmission format of the L1/L2 control channel
(modulation scheme and channel coding rate, and a

35 number of simultaneously assigned users or a number
of the whole control bits). When the transmission
format of the L1/L2 control channel is reported by



MIMO:Single User - Multi Input Multi Output) scheme 30 or a multi- user
MIMO (MU MIMO:Multi -- User MIMO) scheme. The SU-MINO scheme is
a scheme for communicating with one communication terminal having a
plurality of antennas, and the MU-MIMO scheme is a scheme for
communicating with a plurality of 35 comififiication terminals each having
one antenna simultaneously. (Individual 13 signaling channel) -26- The
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15 simultaneously multiplexed users is small as shown
in the right side of Fig.5C, the number of symbols
necessary for the control channel becomes small.
Therefore, when the number of the simultaneously
assigned users and the reception quality of the
20 multiplexed users change in a short period, there is
a case iIn which waste occurs in the L1/L2 control
channel that is prepared large enough.
To decrease the waste of the L1/L2 control
channel, the modulation scheme, the channel coding
25 rate, and the number of simultaneously assigned
users (or the number of the whole control bits) may
be reported in the L1/L2 control channel. By
reporting the modulation scheme and the channel
coding rate in the L1/L2 control channel, the
30 modulation scheme and the channel coding rate can be
changed with a shorter period than that in reporting
by the broadcast channel.
(Part 1)
Part 1 includes a paging indicator (PI).
35 Each communication terminal demodulates the paging
indicator so as to be able to check whether paging
for the own terminal i1s performed.



classified into part O, part 1, part 2a and part 2b. The part | and the part
2a can be classified as the non-specific control channel, and the part 2b
is 30 classified as the specific control channel. (Part 0) Part O -includes
information indicating a transmission format of the L1/L2 control channel
(modulation scheme and channel coding‘rafé‘, and a 35 number of
simultaneously assigned users or a number of the whole control bits).
When the transmgsgsign feranpt of the L1/L2 control channel is reported by
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15 content most frequently corresponds to changing it
every TTlI. From a viewpoint to decrease overhead,
the data channel may be transmitted with same
resource assignment content over a plurality of TTls.
The MIMO information specifies, when the
20 MIMO scheme i1s used for communication, a number of
antennas, a number of streams, and the like. The
number of streams may be called a number of
information series.
By the way, although it is not essential
25 that the part 2a include user identification
information, the whole or a part of it may be
included.
(Part 2b)
Part 2b includes precoding information
30 when the MIMO scheme i1s used, transmission format of
the downlink data channel, hybrid retransmission
control (HARQ) information and CRC information.
The precoding information when the MIMO
scheme i1s used specifies weighting coefficients
35 applied to each of a plurality of antennas. By
adjusting the weighting coefficients applied to each
antenna, directivity of a communication signal is



channel, the modulation scheme, the channel coding 25 rate, and the
number of simultaneously assigned users (or the number of the whole
control bits) may be reported in the L1/L2 control channel. By reporting
the modulation scheme and the channel coding rate in the L1/L2 control
channel, the 30 modulation scheme and fifePchannel coding rate can be
changed with a shorter period than that in reporting by the broadcast
chanpg}.j(Paelr) Part 1 includes a paging indicator (PT) 35 Each
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15 indicating packet combining method, and new data
indicator for distinguishing between a new packet
and a retransmission packet.

The CRC information indicates, when a
cyclic redundancy check method i1s used for error

20 detection, CRC detection bit in which user
identification information (UE-ID) is convoluted.

Information related to uplink data
transmission can be classified into 4 types from
part 1 to part 4 as follows. Although these pieces

25 of information may be classified to the non-specific
control channel i1n principle, they may be
transmitted as a specific control channel for a
communication terminal to which resource is assigned
for a downlink data channel.

30 (Part 1)

Part 1 includes transmission confirmation
information for a past uplink data channel. The
transmission confirmation information indicates
acknowledgment (ACK) indicating that there is no

35 error in the packet or that there is an error but it
IS In a permissible range, or iIndicates negative
acknowledgment (NACK) indicating that there is an



number of streams may be called a number of information series. By the
way, although it is not essential 25 that the part 2a include user
identification information, the whole or a part of it may be included. (Part
2b) Part 2b includes preceding information 30 when the MIMO scheme is
used, transmission format of the downlinkdita channel, hybrid
retransmission control (HARQ) information and CRC information. The
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The transmission format of the uplink data

15 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. This is because the channel coding rate
can be uniquely derived from the data modulation

20 scheme and the data size.

The transmission power information
indicates how large a power by which the uplink data
channel should be transmitted 1is.

The CRC information indicates, when a

25 cyclic redundancy check method is used for error
detection, CRC detection bit in which user
identification information (UE-ID) is convoluted.

By the way, in a response signal (downlink L1/L2
control channel) for a random access channel (RACH),

30 a random ID of RACH preamble may be used as UE-ID.

(Part 3)

In part 3, a transmission timing control
bit 1s included. This is a control bit for
synchronizing the communication terminals in a cell.

35 (Part 4)

Part 4 includes transmission power

information on transmission power of a communication



20 detection, CRC detection bit in which user identification information
(UE-ID) is convoluted. Information related to uplink data transmission
can be classified into 4 types from part | to part 4 as follows. Although
these pieces 25 of information may be classified to the non-specific
control channel in principle, they may be “tPansmitted as a specific control
channel for a communication terminal to which resource is assigned for a
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mayq%mited to one or more resource blocks assigned to a
15 specific communication terminal. “Mapping outside
resource block” indicates that mapping is performed
over the whole region of the frequency block
including many resource blocks. Information (parts
1-4) related to uplink data transmission in the
20 L1/L2 control channel is transmitted, when a
resource i1s assigned for a downlink data channel,
using the resource as a specific control channel,
and the information is transmitted, when the
resource iIs not assigned, over the whole frequency
25 block as a non-specific control channel.

Fig.7A shows a mapping example of data
channels and control channels. The mapping example
shown in the figure is for one frequency block and
for one subframe, and generally corresponds to

30 output content of the fTirst multiplexing unit 1-x
(pilot channel and the like is multiplexed by the
third multiplexing unit 38). One subframe may
correspond to one transmission time interval (TTIl),
or correspond to a plurality of TTls, for example.

35 In the example shown in the figure, the frequency
block iIncludes seven resource blocks RB1-7. The
seven resource blocks are assigned to terminals



reported. This is because the channel coding rate can be uniquely
derived from the data modulation 20 scheme and the data size. The
transmission power information indicates how large a power by which the
uplink data channel should be transmitted is. The CRC information
indicates, when a 25 cyclic redundancy ek method is used for error
detection, CRC detection bit in which user identification information
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f% (the non-specific control channel may be defined so

as to include the synchronization channel and the
like without differentiating between the non-
specific control channel and the other control
channels). In the example shown in the figure, the

20 non-specific control channel and the other control
channel are frequency multiplexed such that each
includes a plurality of frequency components that
are arranged at certain intervals. Such
multiplexing scheme is called distributed frequency

25 division multiplex (FDM) scheme. The intervals
between the frequency components may be the same or
may be different. 1In any case, It iIs necessary that
the non-specific control channel is distributed
over the whole range of one frequency block.

30 In the example shown in the figure, a
pilot channel and the like i1s also mapped over the
whole range of the frequency block. From the
viewpoint of correctly performing channel estimation
and the like for various frequency components, it 1is

35 desirable that the pilot channel is mapped over a
wide range as shown in the figure.

In the example shown in the figure,



over the whole region of the frequency block including many resource

blocks . Information (parts 1-4) related to uplink data transmission in the

20 L1/L.2 control channel is transmitted, when a resource is assigned for

a downlink data channel, using the resource as a specific control channel,

and the information is transmitted, when fie> Tesource is not assigned,

over the whole frequency 25 block as a non-specific control channel.
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15  figuré, it should be noted that sizes occupied by

the specific control channel of the users 1, 2 and 3

are shown to be uneven. This iIndicates that

information amount of the specific control channel

may different according to users. The specific

20 control channel is locally mapped limitedly to a
resource block assigned to the data channel. In
this point, this scheme i1s different from the
distributed FDM in which mapping is performed over
various resource blocks in a distributed manner.

25 Such a mapping scheme is also called a localized
frequency division multiplexing (localized FDM).

Fig.7B shows another mapping example of

the non-specific control channel. Although the
specific control channel of the user 1 (UEl) is

30 mapped only to one resource block RB1 in Fig.7A, i1t
iIs discretely mapped over the whole of the resource
blocks RB1, RB2 and RB4 (the whole of the resource
blocks assigned to user 1) in a distributed manner
using the distributed FDM scheme. [In addition, the

35 specific control channel on the user 2 (UE2) is also
different from the case shown iIn Fig.7A, and i1t 1is
mapped over the whole of the resource blocks RB3,



15 (the non-specific control channel may be defined so as to include the
synchronization channel and the like without differentiating between the
non- specific control channel and the other control channels). In the
example shown in the figure, the 20 non-specific control channel and the
other control channel are frequency mulfj d%ed such that each includes
a p'lura’lity of frequency components that are arranged at certain
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resource e resource b s assigned 10 the user
1hecific control chahifefbn tio0sdeEg formats of the part O in
the L1/L2 control channel are described.

Fig.7C is an example showing formats of
the L1/L2 control channel when reporting a number of
symbols (or simultaneously assigned user number) of

20 the L1/L2 control channel. When the communication
terminal uses a modulation scheme and a coding rate
(MCS: Modulation and Coding Scheme) reported by the
broadcast channel, the number of symbols necessary
for the L1/L2 control channel changes according to

25 the number of simultaneously assigned users. For
identifying 1t, control bits (two bits in Fig.7C)
are provided as information of the part 0 of the
L1/L2 control channel. For example, by reporting
control bits of 00 as information of the part 0, for

30 example, the communication terminal can ascertain
that the number of symbols of the L1/L2 control
channel i1s 100 by decoding the control bits. By the
way, the head two bits In Fig.7C corresponds to the
part 0, and variable control channel correspond to

35 the non-specific control channel (corresponding to
part 1 and part 2a in the case of downlink). 1In
addition, although MCS is reported by the broadcast



mapped to the head of the resource block RB7 in the resource block
assigned to the user 3. In the 15 figure, it should be noted that sizes
occupied by the specific control channel of the users 1, 2 and 3 are
shown to be uneven. This indicates that information amount of the
specific control channel may different ac?:gﬁﬂng to users. The specific 20
control channel is locally mapped limitedly to a resource block assigned
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number of simultaneously assigned users of each MCS
iIs three. Since the number of simultaneously
assigned users is 0-3, this information can be
represented by two bits (00=0 user, 01=1 user, 10=2
20 users, 11=3 users). Since two bits are necessary
for each MCS, part O becomes eight bits in this case.
For example, by reporting control bits of 01100001
as information of the part 0, the communication
terminal can ascertain control information (part 2a
25 in the case of downlink) according to the own
reception quality based on the control bits.

Fig.7E 1s an example showing mapping of
information bits (part 0) in the L1/L2 control
channel 1n the case of three sector configuration.

30 In the case of three sector configuration, three
kinds of patterns may be prepared for transmitting
the information bits (part 0) indicating a
transmission format of the L1/L2 control channel,
and assigned to each sector such that the patterns

35 do not overlap in the frequency domain. By
selecting a pattern such that transmission patterns
in adjacent sectors (or cells) are different with



or greater than two resource blocks, frequency diversity effect can be
expected also for the specific control channel, so that signal quality of the
specific control channel can be further improved. 15 Next, concrete
formats of the part 0 in the L1/L2 control channel are described. Fig. 7C is
an example showing formats of the L1/L238Rtrol channel when reporting
a number of symbols (or simultaneously assigned user number) of 20 the
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contrdirchadddltion, by using different rules between
adjacent cells, interference amount when performing
transmission power control can be randomized.
Fig.7F(2) shows a case 1n which multiplexing 1is
20 performed by code division multiplexing (CDM) scheme.
By using code 1, 2, 3 and 4, signals of each user
can be properly orthogonalized. Fi1g.7F(3) shows a
case when the user multiplexing number changes to
three in the distributed FDM scheme. By re-defining
25 the numbers 1, 2 and 3 for specifying a plurality of
discrete frequency components, signals of each user
can be properly orthogonalized. When the number of
simultaneously assigned users is less than the
maximum number, as shown in Fig.7F(4), the base
30 station may iIncrease transmission power of the
downlink control channel. |In addition, hybrid of
CDM and FDM can be applied.
Fig.8A shows a partial block diagram of a
mobile terminal used In an embodiment of the present
35 invention. Fig.8A shows a carrier frequency tuning
unit 81, a filtering unit 82, a cyclic prefix (CP)
removing unit 83, a fast Fourier transform unit



10 changes according to the reception quality of the communication
terminal. For identifying this, control bits (eight bits in Fig.7D) is provided
as information of part O of the L1/L2 control channel. Fig.7D shows a
case, as an example, in which there 15 are four kinds of MCSes and a
maximum value of the number of simultdl%‘usly assigned users of each
MCS s three. Since the number of simultaneously assigned users is 0-3,
tlh(;szirﬁﬁmios;@gr'ag@q ?pfrﬁéaﬁ'f@ﬁéwéWQ hifg 120-81seq Oérjoki%ﬁi‘cast
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propetr multiplexing methods such -

15 effective symbol part from a received symbol.

The fast Fourier transform unit (FFT)
performs fast Fourier transform on information
included in the effective symbol to perform
demodulation of the OFDM scheme.

20 The CQl measurement unit 85 measures a
received power level of the pilot channel i1ncluded
in the received signal to feed the measurement
result back to the base station as channel state
information CQI. CQI is performed for each of all

25 resource blocks in the frequency block, and all of
them are reported to the base station.

The broadcast channel (or paging channel)
decoding unit 86 decodes the broadcast channel.
When the paging channel i1s included, i1t is also

30 decoded.

The non-specific control channel (part 0)
decoding unit 87-0 decodes information of part O in
the L1/L2 control channel. By the part 0, it
becomes possible to recognize a transmission format

35 of the non-specific control channel.

The non-specific control channel decoding
unit 87 decodes the non-specific control channel



as code division multiplexing scheme and time division multiplexing
(TDM) scheme may be used. 10 Fig.7F(1) shows a case in which
multiplexing is performed by the distributed FDM scheme. By using
numbers 1, 2, 3 and 4 specifying a plurality of discrete frequency
components, signals of each user can bééﬁﬁperly orthogonalized.
However, it is not 15 necessary to be arranged regularly like this example.
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and ssgeai Fic control channel. According to the decodlng

result, acknowledgement (ACK) or negative
acknowledgement (NACK) may be reported to the base
station.

20 Fig.8B shows a partial block diagram of
the mobile terminal like Fig.8A, but, Fig.8B looks
different from Fig.8A in that each pieces of control
information are concretely shown. Same reference
symbols indicate same elements in Fig.8A and Fig.8B.

25 In the figure, “demapping within resource block”
means extracting information that i1s mapped
limitedly to one or more resource blocks assigned to
a specific communication terminal. “Demapping
outside resource block” means extracting information

30 that is mapped over the whole of the frequency block
including many resource blocks.

Fig.8C shows elements related to a
reception unit of Fig.8A. Although not essential
for the present invention, iIn the present embodiment,

35 antenna diversity reception using two antennas is
performed when performing reception. Downlink
signals received by two antennas are supplied to RF



channel decoding unit 89. The carrier frequency tuning unit 81 properly
adjusts a center frequency of a reception band so as to be able to receive
a signal of a 10 frequency block assigned to the terminal. The filtering unit
82 filters a received signal. The cyclic prefix removing unit 83 removes
guard interval from a received signal to exttact an 15 effective symbol
part from a received symbol. The fast Fourier transform unit (FFT)
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inforrgatipn ipdHcalingowhIReia reRPHEI® communication is performed
using a bandwidth of 20MHz. It is assumed that the

15 minimum frequency band of the communication system
Is 5 MHz, and that the whole band i1s divided into
four frequency blocks 1-4 as shown in Fig.2.

In step S11, the terminal UE1l receives a

broadcast channel from the base station, and checks

20 which frequency block the own terminal can use. The
broadcast channel may be transmitted using a band of
5MHz 1ncluding a center frequency of the whole band
of 20MHz. Accordingly, any terminals in which
bandwidths that can be received are different can

25 receive the broadcast channel easily. The broadcast
channel permit the user that performs communication
using the bandwidth of 10 MHz to use a combination
of two adjacent frequency blocks such as frequency
blocks (1, 2), (2, 3) or (3, 4). All of these may

30 be permitted to use, or use may be restricted to any
of the combinations. As an example, it Is assumed
that frequency blocks 2 and 3 are permitted to use.

In step S12, the terminal UE1l receives a

downlink pilot channel to measure received signal

35 quality for the frequency blocks 2 and 3. The
measurement iIs performed for each of the many
resource blocks included in each frequency block, so



block is assigned to a shared data channel addressed 5 to the terminal,
and information indicating a resource block number when it is assigned,
and the like. The specific control channel decoding unit 88 decodes a
specific control channel included ion 10 the received signal. The specific
conUoIchanneanMdeshﬁonnaﬂonofdééﬂmodubﬂon,channelcodmg
rate, and HARQ on the shared data channel. The data channel decoding
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15" channel and the specific control channel.

In step S23, the control channel and the
shared data channel are transmitted from the base
station for each frequency block according to the
scheduling iInformation.

20 In step S13, the terminal UEl receives a
signal transmitted by the frequency blocks 2 and 3.

In step S14-0, the terminal UEl recognizes
a transmission format of the non-specific control
channel from part 0 of the control channel received

25 by the frequency blocks 2 and 3.

In step S14, the terminal separates the
non-speciftic control channel from the control
channel received by the frequency block 2, decodes
It to extract scheduling information. Similarly,

30 the terminal separates the non-specific control
channel from the control channel received by the
frequency block 3, decodes it to extract scheduling
information. Any scheduling information includes
information indicating whether a resource block is

35 assigned to a shared data channel addressed to the
terminal UEl, and includes information indicating a
resource block number when i1t is assigned, and the



interval (cyclic prefix) is removed (83), and fast Fourier transform is
performed (84). Signals received by each antenna are combined by an
antenna 5 diversity combining unit. A signal after combining is supplied to
each decoding unit shown in Fig.8A or to a separation unit shown in
Fig.8B. Fig.9 is a flowchart showing an op ttion example according to

an embodiment of the present 10 invention. As an example, assuming
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station according to the decoding result. After
that, similar procedure is repeated.
[Embodiment 2]

20 In the first embodiment, the control
channel i1s classified to the specific control
channel that the terminal to which resource block 1is
assigned should decode and demodulate and classified
to others, and the specific control channel 1is

25 mapped limitedly to the assigned resource block, and
other control channel i1s mapped over the whole
frequency band. Accordingly, for the control
channel, transmission efficiency can be improved and
the quality can be heightened. However, the present

30 invention is not limited to such transmission method
examples.

Fig.7G is a figure showing a mapping
example of data channels and control channels
according to the second embodiment of the present

35 invention. Also in the present embodiment, a base
station shown in Fig.3 is used. In this case,
process elements shown in Fig.4B are mainly used



-40- that all of these are reported to the base station as channel state
information CQI In step 521, the base station performs frequency
scheduling for each frequency block based 5 on the channel state
information CQI reported from the terminal UE1 and other terminals. It is
checked and managed by the frequency‘tﬂgﬁk assignment control unit
(31 in Fig.3A) that a data channel addressed to the UEL1 is transmitted
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addressed to the

15 For example, assuming that control
information of 10 bits are transmitted for each of
the first to third users UEl, UE2 and UE3 to which
resource blocks are assigned. The whole of the
control information of 30 bits for the three are

20 error correcting coded as a processing unit. When

the coding rate (R) i1s 1/2, 30x2 = 60 bits are

generated and transmitted. On the other hand,

different from the present embodiment, it can be

considered to perform error correcting coding and

25 transmit each of control information. In that case,
control information of 10 bits for one user IS error
correcting coded, 10x2 = 20 bits are generated, and
they are prepared for the three (60 bits in total).
The amount of control information to be transmitted

30 becomes 60 bits for either case. But, according to
the present embodiment, since the processing unit of
error correcting coding is three times longer than
the other one, i1t is advantageous iIn terms of
increasing coding gain (that is, making it harder to

35 cause error). Further, error detection bits (CRC
bits and the like) are added to the whole of the 60
bits in the present embodiment, but, when performing



terminal UEI, and includes information indicating a resource block number
when it is assigned, and the -41- like. When any resource block is not
assigned to the shared data channel addressed to the own terminal, the
terminal UE1 returns to waiting state to wait for receiving the control
channel. When any 5 resource block is aséﬂﬁned to the shared data
channel addressed to the own station, the terminal UEI separates the
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15 specific control information are not clearly
distinguished, the control channel is mapped
limitedly to a resource block assigned to a user
that should receive the control channel. For
example, a control channel of a first user UEl is

20 mapped to first and second resource blocks RB1 and
RB2, a control channel of a second user UE2 is
mapped to third and fourth resource blocks RB3 and
RB4, and a control channel of a third user UE3 1is
mapped to a fifth resource block RB5. Error

25 correcting coding is performed for each user. This
point i1s different from the second embodiment in
which the control channel of the first to third
users are error correcting coded and mapped to
resource blocks RB1-RB5 as a whole.

30 In the present embodiment, the control
channel and the data channel are limited to same
resource blocks, but which resource block is
assigned to a mobile station is unknown for the
mobile station before receiving the control channel.

35 Therefore, it is necessary that each mobile station
should receive all resource blocks to which the
control channel can be mapped so as to demodulate



according to the second embodiment of the present 35 invention. Also in

the present embodiment, a base station shown in Fig .3 is used. In this

case, process elements shown in Fig.4B are mainly used -42- with

respect to the control channel. In the present embodiment, specific

control information and non- specific coni8finformation are not clearly
distinguished, and they are transmitted using the 5 whole region of the
frequaeay WQPVQHQ REgAY oaf repeiAe blqsks-ﬂ@sw i8tE#Bninbut
the prgsent egiheriTientyeriorepUesing,godind s agiamed onyihey, o
whole of the control channel tor.a plurality of users as a procéssing unit.
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However, in the third embodiment, since processing
such as error correcting coding and transmission
band is limited to resource blocks of each user,
transmission power control can be also performed for
20 each user. Therefore, i1t becomes unnecessary to
consume redundant power in the base station. 1In
addition, since the resource block i1s assigned to a
user 1In a good channel state, the control channel 1is
transmitted in such a good channel state so that
25 quality of the control channel can be iImproved.
[Embodiment 4]

Fig.71 1s a figure showing a mapping
example of data channels and control channels
according to a fourth embodiment of the present

30 invention. Also iIn the present embodiment, a base
station shown in Fig.3 is used, but, process
elements on the control channel become those shown
in Fig.4C. Also in the present embodiment, although
specific control information and non-specific

35 control information are not clearly distinguished,
the control channel i1s error correcting coded for
each user so that transmission power is determined



error correcting coding is three times longer than the other one, it is
advantageous in terms of increasing coding gain (that is, making it harder
to 35 cause error) . Further, error detection bits (CRC bits and the like)
are added to the whole of the 60 bits in the present embodiment, but,
whenpeﬁonnMg-43-enorconecﬁngcodﬁ Tor each user, error
detection bits are added for every 20 bits. Therefore, also from the
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15 numbered resource blocks. The control channel may
be mapped limitedly to any proper resource blocks
known between the base station and the mobile
station. Accordingly, search range used when the
mobile station extracts assignment information of
20 the own station can be properly narrowed.
[Embodiment 5]

As mentioned above, In the second
embodiment, transmission power of the base station
iIs determined for a user in the worst communication

25 environment so that the base station should always
consume surplus power. However, 1f communication
environments of many users are similarly good, such
fear can be overcome. Therefore, in a communication
environment in which comparable quality can be

30 obtained for a plurality of users, the method
described in the second embodiment is advantageous.
From this viewpoint, in the fifth embodiment of the
present invention, user apparatuses in a cell are
properly grouped and use frequency band is divided

35 for each group.

Fig.7J shows a schematic diagram for
explaining the Tifth embodiment of the present



30 In the present embodiment, the control channel and the data channel
are limited to same resource blocks, but which resource block is
assigned to a mobile station is unknown for the mobile station before
receiving the control channel. 35 Therefore, it is necessary that each
mobile station should receive all resourcetflacks to which the control
channel can be mapped so as to demodulate -44- not only the control
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channel can be improved. [Embodiment 41 Fig.7is a figure showing a
t surplus amount of transmission power 1is
consumed In the base station due to the user iIn the
worst environment can be effectively addressed. In
addition, also in the third embodiment, by
performing grouping like the present embodiment,
20 transmission powers of control channels become
comparablle in the same group, so that it becomes
advantageous from the viewpoint for stabilizing
operation of a base station transmitter, and the
like.
25 In the example shown in the figure, for
the sake of simplifying the explanation, three
groups are prepared according to the distance from
the base station. However, grouping can be
performed not only based on the distance but also
30 based on channel quality indicator (CQIl). CQI may
be measured as any proper amount that is known to
this technical field such as SIR and SINR and the
like.
[Embodiment 6]
35 The non-specific control channel
(including part 0) is iInformation necessary for all
users, and the data channel is decoded based on the



example of data channels and control channels according to a fourth
embodiment of the present 30 invention. Also in the present embodiment,
a base station shown in Fig.3 is used, but, process elements on the
control channel- become those shown in Fig.4C. Also in the present
embodiment, although specific control mT&?natlon and non-specific 35
control information are not clearly distinguished, the control channel is
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user in the worst co nication 25 environment so_tha station
IshouleHksys22 and 2b are error detection coded as a whole,

and, part 0, and parts 2a and 2b are separately
channel coded. Communication terminals UE1l and UE2
perform error detection for the part 0, and parts 2a
and 2b as a whole, and use a L1/L2 control channel

20 for the own communication terminal from parts 2a and
2b based on the part O.

Since error detection (CRC) code may
become larger than control bits of part O, In this
case, overhead of error detection coding can be

25 decreased.

Fig.10B indicates a case i1In which part O,
and, parts 2a and 2b are separately error detection
coded, and part 0, and, parts 2a and 2b are
separately channel coded. Although the overhead

30 becomes larger compared with the case of Fig.10A,
there is an advantage in that, when error detection
for part 0 fails, it becomes unnecessary to perform
processing for parts 2a and 2b.

Fig.10C shows a case in which part 0 and

35 parts 2a and 2b are error detection coded as a whole,
and part O and parts 2a and 2b are channel coded as
a whole. In this case, although information of part



consume surplus power. However, if communication environments of

many users are similarly good, such fear can be overcome. Therefore, in

a communication environment in which comparable quality can be 30

obtained for a plurality of users, the method described in the second
embodiment is advantageous. From this‘\ﬂéwpoint, in the fifth

embodiment of the present invention, user apparatuses in a cell are
propejlycaaviReE Yl eserfreiesay tane sdiyded I RhaagneesP2a and
Fig.73 shays 2 enemale dagieior explaipn jre ih embadimentof ,

the present -46- invention. In the example shown inthe figure, three
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@OCkééﬁ%Pﬁﬁﬁ@W&ﬁiﬂ@Qd EOHProYd ¢ pr-esouxRdblgast 2a and
RET-BROAS agtiansey ohe RS- The prepajsRupRer dhaiwnsy o
and the number of resource ’blockS’are merely examples, and any proper
numdePmaPee LEAE AR BERY gibapite back bhke fEhalokse parts
meth@ds @ewstriBbd in the first to fourth embodiments may be performed.

By g?rouping the[gsﬁﬂggoenﬁeffﬂquqcy gands, differ?ncE of rec:—:-ption
ality among user, n ecre JAccordingly e
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worsttarairenmsstican bedifdotidely mfidresagd.dn .additiors o iBthe a
third grphadinekt, by, perferania-enPusingare heg BreppRHARIHEENFrom
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same group, so that It becomes ‘advan ageous 1rom tne viewpoint ror

1RabilBthBpemliBr 8r RBhB8 stadAtaAshfieF khdiha - a plurality

of pieces of control information for a plurality of
communication terminals are multiplexed and
transmitted (assuming that the user multiplexing
number i1s N, for the sake of convenience). Each
20 communication terminal demodulates a plurality of
L1/L2 control channels addressed to own and other
communication terminals. For example, 1t Is assumed
that a control channel including UE-ID of own
terminal 1s mapped to a X-th position in N. 1In this
25 case, the user apparatus performs demodulation N
times at most so as to find out a non-specific
control channel addressed to the own apparatus
mapped to the X-th position, and ascertain
assignment content (which resource block can be used
30 for the own terminal, and the like) of the own
terminal based on assignment information included in
that.
In step S2, using the assigned RB that is
assigned, a packet (t=TTI11) of uplink Is transmitted
35 to the base station, for example. “t=TTIl1”
indicates time.
In step S3, the base station receives the



like. 25 in the example shown in the figure, for the sake of simplifying the
explanation, three groups are prepared according to the distance from
the base station. However, grouping can be performed not only based on
the distance but also 30 based on channel quality indicator (CQI). CQI
may be measured as any proper amount that is known to this technical
field such as 62_R and 62_\R and the like. Embodiment 6] 35 The
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transmission confirmation information to all of the

15 communication terminals respectively. Therefore,
for distinguishing these pieces of information with
each other, user identification information (ID) is
added to all of part 1 (ACK/NACK) of the uplink data
transmission related information in the downlink

20 L1/L2 control channel, so that each communication
terminal can ascertain, without fail, transmission
confirmation information (ACK/NACK) for the uplink
data channel that was transmitted by the own
terminal In the past.

25 However, in the present embodiment, from
the viewpoint of decreasing the control information
amount, transmission of the downlink L1/L2 control
channel i1s performed without adding identification
information to each piece of the information of part

30 1 of each communication terminal. Instead of that,
correspondence relationship between the assignment
number X used when mapping information of part 2 and
information of part 1 1s maintained for each
communication terminal. For example, when a

35 multiplexing method shown in Fig.7F(1) is performed,
assuming that assignment number 3 (X=3) i1s used for
reporting information of part 2 to the communication



Since error detection (CRC) code may become larger than control bits of
part O, in this case, overhead of error detection coding can be 25
decreased. Fig.10B indicates a case in which part 0, and, parts 2a and 2b
are separately error detection coded, and part 0, and, parts 2a and 2b are
separately channel coded. Although the overhead 30 becomes larger
compared with the case of Fig.10A, there is an advantage in that, when
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example/i0p degrREsEP IBISMALGN FPHRLA €pliek d]tacraRsiigsion;
r§lated information. In step Si, a d(i/vnllnk L1/L2 controé hartnel is
X \Q Sp

ansthitta frofh #he elBStatioh. AQmdrtbHES DRk LRPESRTon
desciis¥ifdeimfel 2Bd IERTT T Plurality Tbf pletls BPeortifn @ L1/L2
inforncativhrfod a phaalitg df Tembraricion tethitals themabtipiaxed @atii on
transipitedj@aguming that the user multiplexing number is N, for the
sakeofanwenbncg%nggp S4, each communication terminal
15 reads information on part 1 based on the assignment
number X and the predetermined period o to check
whether it should retransmit data D(t=TTI11) that was
transmitted at t=TTI1.
Accordingly, 1n the present embodiment, by
20 maintaining one to one correspondence relationship
between the assignment number that was used in step
S1 and the assignment number used iIn step S3, the
base station does not need to specify that the part
1 (ACK/NACK) of the uplink data transmission related
25 information is addressed to which communication
terminal individually. Thus, according to the
present method, information amount of the downlink
L1/L2 control channel generated in step S22 in Fig.9
can be decreased. Assuming that resources for
30 uplink data channel are assigned to M communication
terminals at a time of t=TTIl1l, the assignment number
X is1l, ...., M, and also, the number of assignment
information (part 2) of the uplink data transmission
related information, and the number of destinations
35 to which transmission confirmation information (part
1) should be sent at a later time t=TTl+ a are
commonly M. Therefore, i1t is always possible to



20 communication terminal demodulates a plurality of L1/L2 control
channels addressed to own and other communication terminals. For
example, it is assumed that a control channel including UE-ID of own
terminal is mapped to a X-th position in N. In this 25 case, the user
apparatus performs demodulation N timéS A most so as to find out a
non-specific control channel addressed to the own apparatus mapped to
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terminal based on assignment information included in that. In step S2,

using the assignddFRBAAAMEIssRihed, a packet (t=TTI1) of uplink is
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Uan?@ﬁé%”UéﬁmﬂB@*EHmﬁE@ﬂthKﬁaHﬁdh?&§Fﬁ§maﬁﬁéﬁ@nof 20
termi Erespectlvely. Therefore, for distinguishing these pieces of

information with each other, user identification information (ID) is _ )
15 The user that can perform communication

using the band of 20 MHz can always use all of the
frequency blocks 1-4. However, in the 40 users that
can perform communication only with the band of 5
MHz, first to tenth users are permitted to use only
20 frequency block 1 at a time t, permitted to use only
frequency block 2 at a time t+l, and permitted to
use only frequency block 3 at a time t+2. Eleventh
to twentieth users are permitted to use frequency
blocks 2, 3 and 4 at times t, t+1l and t+2

25 respectively. Twenty first to thirtieth users are
permitted to use frequency blocks 3, 4 and 1 at
times t, t+l and t+2. Thirty first to fortieth users
are permitted to use frequency blocks 4, 1 and 2 at
times t, t+l1l and t+2. In addition, in the 20 users
30 that can perform communication only with the band of
10 MHz, first to tenth users are permitted to use
only frequency blocks 1 and 2 at a time t, permitted
to use only frequency blocks 3 and 4 at a time t+1,
and permitted to use only frequency blocks 1 and 2
35 at a time t+2. Eleventh to twentieth users are
permitted to use frequency blocks 3 and 4, 1 and 2,
and 3 and 4 at times t, t+l and t+2 respectively.



added to all of part 1 (ACK/NACK) of the uplink data transmission related
information in the downlink 20 L1/L2 control channel, so that each
communication terminal can ascertain, without fail, transmission
confirmation information (ACK/NACK) for the uplink data channel that
was transmitted by the own terminal in thé%st. 25 However, in the
present embodiment, from the viewpoint of decreasing the control

information amoungdéﬂ5@|$% ERfegowmal ik %m@—rphagnel

L CEIRES %%?eaﬂﬁ%‘#ﬁ?é'é’ﬁc;ﬂ%‘éﬁ%@ﬁ%f oA
correSHEHYR ﬁfe PTafHBH kB fhe askiynkitht GfSer Xo08%
whenpadyipgns irderenadie b pdrt Resialr etfemndhtias of paqudascy hopping
@amw@ﬂé%%acraﬁamm l@&ﬂﬂ@'ﬁ?rm%e':ror AT L MEvhiZh

multiplexiyg metied shown 1p Fig e 195%&%[9@? ASRIPPELNS) o user,
assig men number =3) IS usedE reporting information of par gt

the cSAMERREIINS Y&%ﬁé]%l &Iﬁ’in‘ B PAkEeukisi&anye

numbee p)rtekis tasd;H®y desesdulatitly the sesolilcen imfberatioh db iHes .
aSgQWﬁ@ﬁt@H@V@*ﬁﬂée§9W§ecW6@&@§hﬁMPU&@WﬁéCfﬁ@aﬂéhcy

N Y

chanﬁé? |§Hé’§b@|ﬁeé|'ﬁ?‘|%@re§5§ﬂ:'éed?%)ésuBr\ﬁ’l%Kt ﬁ\frﬁ@é’r Fharting
downtioknudi ceontohcHarore| thesmitted pot=TT 108, iequathizii adgs

tsirge %Qirﬁ@fdﬁ%&i’ﬁﬁét'ﬂ? Eﬁﬁmiﬁyotﬁnﬁﬂﬁ*@rm%tt&ﬂs}n&ﬁ@aMri i step
AL R B RINGS T ey
L§1mﬂPPBdﬂﬂié§ﬂ@QEs@%ﬁE%Fme like the present embodiment,
a particular user should always perform
communication in bad quality when difference of
superiority or inferiority of communication quality
among frequency blocks i1s large. By performing
20 frequency hopping, although communication quality is
bad at a time, 1t can be expected that it becomes
good at another time.
In the example shown in the figure,
although a frequency hopping pattern in which
25 frequency blocks of 5 MHz and 10 MHz shift to the
right side one by one i1s shown, other various
hopping patters may be used. This Is because, even
though any hopping pattern is adopted, it is only
necessary that the pattern is known in the
30 transmission side and the reception side.
[Embodiment 9]
In the ninth embodiment of the present
invention described below, a method for transmitting
a paging channel i1n addition to the control
35 signaling channel i1s described.
Fig.11 1s a figure showing a flowchart
(left side) of an operation example and frequency



number X and the predetermined period a to check whether it should
retransmit data D(t-TTI1) that was transmitted at t-=TTI1 Accordingly, in
the present embodiment, by 20 maintaining one to one correspondence
relationship between the assignment number that was used in step S1
andtheasggnmentnumberusedn1$EpT§§The base station does not
need to specify that the part 1 (ACK/NACK) of the uplink data
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one CREPERASISERT Felakansaln foF tae assigymeainEnieia users can
moqaiment Al Fiod08 15,8 FAU,S0gUANG.ON BRefaken © example when
requency hopping 1S performed. The 'frequency band assigned to the
communication systbth 82 wicHReildéd Fobr rEqlefRsamede)
each emelingsa animianuinl bandsidtheof BaviHa. iske efamplef siepueimcy
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can peform cemmynicaioneysingg bagd phe Mie £OLperbaheqhn
perform “communication using a of 10 MHz, and 10 users that can
Lerford @B/MMFHERiot kg b &RMofgreive a signal of the
frequency block 1 that is permitted to use. In the

present embodiment, not only a control signaling
channel for the user UE1l but also a paging channel
for the user UE1l are transmitted using the frequency
20 block 1. When 1t is checked that the user UEl 1is
paged by the paging channel, the flow goes to step
S3.
In step S3, the data channel 1s received
according to scheduling information using the
25 specified frequency block. The user UEl returns to
the waiting state again after that.
Fig.-12 1s a figure showing a flowchart
(left side) of another operation example and
frequency bands (right side) of an embodiment of the
30 present invention. In step S1, like the above-
mentioned example, a broadcast channel 1is
transmitted from the base station to users under the
base station, and the broadcast channel 1is
transmitted using a minimum bandwidth including a
35 center frequency of the whole frequency band (Fig.12
(1)). Like the example of Fig.11, 1t 1s assumed
that the usable frequency block i1s the frequency



MHz. 15 The user that can perform communication using the band of 20
MHz can always use all of the frequency blocks 1-4. However, in the 40
users that can perform communication only with the band of 5 MHz, first
to tenth users are permitted to use only 20 frequency block 1 at a time t,
permitted to use only frequency block 2 aP4time t+and permitted to use
only frequency block 3 at a time t+2. Eleventh to twentieth users are
permiitpd ¢ uge frequency blocks 2, 3 and 4 at times t, t+-- and t+2 25
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frequgq:(agetc)) Blﬁgii% |k§11pb$Pr {:e_:mbpdiment, it is desirable to

change usable equenc\y- ock after Starting ) )

15 In the example shown in Fig.1l1l, the
terminal quickly moves to the frequency block 1 at
the time of waiting. But, in the example shown in
Fig.12, the terminal does not move at that time, but
moves to the frequency block 1 after paging of the

20 own terminal i1s identified. In the former method,
each of various users waits for a signal using a
frequency block assigned to each user. On the other
hand, 1n the latter method, every user waits for a
signal using a same band. Therefore, the former

25 method may be preferable compared with the latter in
that frequency resources can be used evenly. On the
other hand, neighboring cell search for checking
necessity of handover is performed using the minimum
bandwidth of the center of the whole band. Thus,

30 from the viewpoint of decreasing the number of times
of frequency tuning in the terminal, it is desirable
to match the band when used in waiting to the band
for cell search like the example shown in Fig.12.

[Embodiment 10]

35 By the way, it is desirable to perform
link adaptation from the viewpoint of improving
reception signal quality of the control channel. In



communication from the viewpoint of equalizing communication quality

among users and among frequency blocks. For example, if the frequency

15 hopping is not performed like the present embodiment, a particular

user should always perform communication in had quality when

difference of superiority or inferiority of cormunication quality among

frequency blocks is large. By perform- nq 20 frequency hopping, although
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15 of the downlink channel to the user 2 is large,
reception signal quality for the user 2 may be good,
but interference becomes large for other users.
Since channel state for the user 2 is good, required
quality can be ensured even though transmission

20 power i1s small. Therefore, In this case, the
downlink channel is transmitted with a relatively
small transmission power. When transmission power
control i1s performed solely, the modulation scheme
and the channel coding scheme are kept constant, and

25 a combination known to the transmission side and the
reception side is used. Therefore, 1t Is not
necessary to separately report a modulation scheme
and the like for demodulating a channel in the
transmission power control.

30 Fig.-14 shows a manner in which adaptive
modulation and coding control is performed, and iIn
which it is intended to achieve required quality in
the reception side by adaptively changing both or
one of the modulation scheme and the coding scheme

35 according to good or bad of the channel state. More
particularly, 1f transmission power from the base
station 1s constant, since it i1s predicted that



10 receive and usable frequency blocks. In step S2, a user (UE1, for
example) enters a waiting state for a specified frequency block
(frequency block 1, for example). In this case, the user UEI adjust the
band of reception 15 signal such that it can receive a signal of the
frequency block 1 that is permitted to use. 1R the present embodiment, not
only a control signaling channel for the user UE1 but also a paging
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15 Accordingly, required quality is achieved for a user
in bad channel state by increasing reliability, and
throughput can be improved while maintaining
required quality for a user iIn a good channel state.
In the adaptive modulation and coding control, when
20 demodulating a received channel, information of a
modulation scheme performed on the channel, coding
scheme, number of symbols and the like 1s necessary.
Thus, 1t Is necessary that the information is
reported to the reception side using some way. 1In
25 addition, since the number of bits that can be
transmitted per one symbol is different according to
good or bad of the channel state, information can be
transmitted with a small number of symbols when the
channel state is good, but when 1t i1s not good, a
30 large number of symbols are necessary.

In the tenth embodiment of the present
invention, transmission power control is performed
for a non-specific control channel that non-specific
users should decode, and one or both of transmission

35 power control and adaptive modulation and coding
control i1s performed for a specific control channel
that a specific user to which a resource block is



In step S3, after the paging channel is identified, the terminal moves to
the frequency 10 block | that is assigned to the own station, and receives
the control signaling channel to perform communication according to
scheduling information (Fig.12 (3)). The user UEI returns to the waiting
state again after that. In the example show'in Fig.11, the 15 terminal
quickly moves to the frequency block 1 at the time of waiting. But, in the
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15 same transmission power over the whole frequency
range. On the other hand, a specific control
channel for a user only occupies a specific resource
block for the user. Therefore, transmission power
of the specific control channel may be adjusted

20 individually such that received signal quality
becomes good for each user to which the resource
block 1s assigned. For example, in the examples
shown in Figs.7A and B, the non-specific control
channel may be transmitted using transmission power

25 Po, a specific control channel of the user 1 (UEl)
may be transmitted using transmission power P;
suitable for the user 1, a specific control channel
of the user 2 (UE2) may be transmitted using
transmission power P, suitable for the user 2, and a

30 specific control channel of the user 3 (UE3) may be
transmitted using transmission power Pz suitable for
the user 3. By the way, the part of the shared data
channel may be transmitted whth a same or different
transmission power Pp.

35 As mentioned above, the non-specific
control channel should be decoded by all of the non-
specific users. However, mailn purpose for



5 manner in which transmission power control is performed, and it is
intended to achieve required quality in the reception side by controlling
transmission power of the downlink channel. More particularly, since it is
predicted that channel 10 state for a user 1 far from the base station is
had, the downlink channel is transmitted'liﬁﬁg a large transmission
power. In contrast, it is predicted that channel state is good for a user 2
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150ddrsiodddgeides decode the non-specific control channel
properly. But, since the users are not assigned a
resource block, there is no actual harm.

(2)TPC-AMC
In the second method, transmission power

20 control is performed for the non-specific control
channel, and only adaptive modulation and coding
control 1s performed for the specific control
channel. When the AMC control i1s performed,
generally, it is necessary that the modulation

25 scheme and the like are reported beforehand. In the
present method, iInformation such as the modulation
scheme and the like for the specific control channel
is included in the non-specific control channel.
Therefore, each user receives the non-specific

30 control channel fTirst, decodes and demodulates i1t to
determine presence or absence of data addressed to
the own station. |If the data exists, in addition to
extracting scheduling information, the user extracts
information on the modulation scheme, coding scheme

35 and the number of symbols and the like that are
applied to the specific control channel. Then, the
specific control channel is demodulated according to



multilevel modulation is set to be small and/or the channel coding rate is

set to be small. In the 5 example shown in the figure, QPSK is used as a
modulation scheme for the user 1, and information of 2 bits are

transmitted per 1 symbol. On the other hand, it is predicted that channel
state for the user 2 located near the basg¥ation is good, so 10 that the
number of modulation levels is set to be large and/or the channel coding
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and the coding rate may be changed like 7/8, 3/4,

1/2 and 1/4.
According to the second method, quality of
the specific control channel can be made good while
20 maintaining quality of the non-specific control
channel to be equal to or greater than a
predetermined level over the whole users. This is
because the specific control channel i1s mapped to a
resource block in a good channel state for each of
25 specific communication terminals, and proper
modulation scheme and/or coding scheme i1s used. In
the control channel, by performing adaptive
modulation and coding control on a part of the
specific control channel, reception quality of the
30 part can be improved.

By the way, the number of combinations of
modulation schemes and channel coding rates may be
limited to very small, so that demodulation may be
tried for every combination in the reception side.

35 Content by which demodulation can be performed well
iIs adopted finally. Accordingly, even though
information on modulation scheme and the like is not



assigned decodes. In particular, following three methods can be
considered. (1) TPC-TPC In the first method, transmission power 5
control is performed for the non-specific control channel, and also only
transmission power control is performed for the specific control channel.
Since modulation scheme and the like ar@fized in transmission power
control, when a charnel is 10 properly received, it can be demodulated
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15 maintaining required quality even when there 1is
largely changing fading. However, when the total
number is large, determining processes for the
modulation scheme and the like become complicated,
and the amount of information necessary for

20 notification becomes large so that calculation load
and overhead become large. In the third method,
transmission power control i1s used In addition to
the AMC control so that required quality 1is
maintained by both controls. Therefore, it is not

25 necessary to compensate for all of the largely
changing fading only by AMC control. |In particular,
modulation scheme and the like that reaches the
vicinity of required quality is selected, so that
required quality can be maintained by adjusting

30 transmission power under the selected modulation
scheme and the like. Therefore, the total number of
combinations of the modulation schemes and the
channel coding schemes may be limited to small.

In any of the above methods, since only

35 transmission power control is performed for the non-
specific control channel, the user can easily obtain
control information while required quality is



specific users. However, main purpose for _P8- transmitting the control
channel is to report that there is data to be received and to report
scheduling information and the like to a user to which a resource block is
actually assigned. 5 Therefore, transmission power when transmitting the
non-specific control channel may be adjué@é'd’such that required quality is
satisfied for the user to which the resource block is assigned. For
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information, the user extracts information on the_modulation Scheme,

1®dinfetReheused for the non-specific control channel may
be controlled in a low speed using a broadcast
channel.

By including AMC control information

(information for specifying the modulation scheme

20 and the like) for the specific control channel iIn
the non-specific control channel, AMC control can be
performed for the specific control channel. Thus,
transmission efficiency and quality can be improved
for the specific control channel. Although the

25 number of symbols necessary for the non-specific
control channel i1s almost constant, the number of
symbols necessary for the specific control channel
is different according to content of AMC control and
the number of antennas and the like. For example,

30 assuming that the number of necessary symbols is N
when the channel coding rate is 1/2 and the number
of antenna is 1, the number of necessary symbols
increases to 4N when the channel coding rate is 1/4
and the number of antennas is 2. Accordingly, even

35 though the number of necessary symbols for the
control channel changes, the control channel can be
transmitted by a simple fixed format as shown in



35 and the number of symbols and the like that are applied to the specific
control channel. Then, the specific control channel is demodulated
according to -59- the scheduling information and information of the
modulation scheme and the like, information of the modulation scheme
and the like for the shared data channelT@gﬁtained, so that the shared
data channel 5 is demodulated. It is not so required to transmit the
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15 the preésent |nvent|on is described by being divided

to some embodiments, the division to each embodiment
iIs not essential for the present invention, and
equal to or greater than two embodiments may be used
as necessary.

20 The present international application
claims priority based on Japanese patent application
No.2006-10496, filed in the JPO on January 18, 2006
and the entire contents of the Japanese patent
application is incorporated herein by reference.

25 The present international application
claims priority based on Japanese patent application
No.2006-127987, filed in the JPO on May 1, 2006 and
the entire contents of the Japanese patent
application i1s incorporated herein by reference.

30 The present international application
claims priority based on Japanese patent application
No.2006-272347, filed in the JPO on October 3, 2006
and the entire contents of the Japanese patent
application is incorporated herein by reference.

35 The present international application
claims priority based on Japanese patent application
No.2006-298312, filed in the JPO on November 1, 2006



limited to very small, so that demodulation may be tried for every
combination in the reception side. 35 Content by which demodulation can
be performed well is adopted finally. Accordingly, even though
information on modulation scheme and the like is not - 60 reported
beforehand, AMC control can be performé@3c6 some extent. (3)
TPC-TPC/AMC In the third method, transmission power 5 control is
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is performed, it is 10 necessary that modulation scheme and the like is
reported beforehand as a general rule. In addition, it is desirable that the
tgtal number of combinations of modulation schemes and channel coding
rates is large from the viewpoint of 15 maintaining required quality even
when there is largely changing fading. However, when the total number
is large, determining processes for the modulation scheme and the like
become complicated, and the amount of information necessary for 20
notification becomes large so that calculation load and overhead become
Iarge. In the third method, transmission power control is used in addition
lIo the AMC control so that required quality is maintained by both controls.
Therefore, it is not 25 necessary to compensate for all of the largely
changing fading only by AMC control. In particular, modulation scheme
and the like that reaches the vicinity of required quality is selected, so that
required quality can be maintained by adjusting

15

20

25

30

35



30 transmission power under the selected modulation scheme and the
like. Therefore, the total number of combinations of the modulation
schemes and the channel coding schemes may be limited to small. In any
of the above methods, since only 35 transmission power control is
performed for the non- specific control ch%l(?ﬁ“nél, the user can easily obtain
control information while required quality is -61- maintained. Different
from, AMC control, since information trangpigsion amount per one
symbol is unchanging, transmission can be performed easily using a
fixed format. Since the non-specific 5 control channel is distributed over
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const an e number of symbo s necessary for the spec cco rol
1%an@d)d frequency blocks to be "assigned to

communication terminals;

a frequency scheduler configured to
determine, for each frequency block, scheduling
information for assigning one Oor more resource
20 blocks to a communication terminal being In a good
channel state;

means configured to generate a control
channel i1ncluding the scheduling information for
each frequency block;

25 multiplexing means configured to frequency
multiplexing control channels generated for each
frequency block within the frequency band provided
to the communication system; and

means configured to transmit an output
30 signal of the multiplexing means using a
multicarrier scheme.

35
2. The base station as claimed in claim 1,
wherein the multiplexing means frequency multiplexes



is different according to content of AMC control and the number of

antennas and the like. For example, 30 assuming that the number of
necessary symbols is N when the channel coding rate is 1/2 and the

number of antenna is 1, the number of necessary symbols increases to

4N when the channel coding rate is 1/4 afPthe number of antennas is 2.
Accordingly, even 35 though the number of necessary symbols for the
CQﬂTﬂﬁ@aﬂ?ﬁf*ﬁigﬁhéﬁ%é@ggééh@ﬂyiéanfer?@@%mﬂ¢¢5néency
simplg fi Q W -62-
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in the non-specific control channel, and it is included only in the specific
control channel. Therefore, by 5 changing occupation ratio of the specific
epntrol channel and the shared data channel in a specific resource block,
such a change of the number of symbols can be flexible dealt with. As
mentioned above, although preferred 10 embodiments of the present _
invention are descriBed,TtHe fes&ntShRhioN iAot GlAbaes thhdeCdadm 1,
varioudrear@ationsiaba oadiifecationshaman &b nMadet nashsatidapadtingsfiorg a
the smqecpffhgﬁreisgnh irb@ﬁﬂl‘?ri el Uﬁ%@&f@éﬁﬁéﬁti%@ﬁhgﬁy of
Rog th%ﬁé@%'ﬁ&%ﬁ%ﬁ‘ 'B ﬁacgﬁnegﬁdge%“gt?‘."f'ﬁ% té?o%ﬁ’#fuﬁw jcation
embodiments, the division to each embodiment is not essential Tor the
presetY ARG An§nedudd &SolgrBaRf Wt oI RReRL Higy §© one
used fazopoessyrybd®@TRe present international application claims

priority based on Japanese patent application No0.2006-10496, filed in the
JPO on January 18, 2006 and the entire contents of the Japanese patent
application is incorporated herein by reference. 25 The present
L’#iernational application

4. The base station as claimed in claim 3,
wherein a paging channel is also transmitted using a
band that i1s a band including a center frequency of
20 the frequency band provided to the communication
system and that has a bandwidth corresponding to one
frequency block.

25

5. The base station as claimed in claim 3,
wherein a paging channel for paging a communication
terminal is transmitted using a frequency block

30 assigned to the communication terminal.

35 6. A transmission method used iIn a base
station, for communicating with a communication
terminal using one or more frequency blocks, In



claims priority based on Japanese patent application N0.2006-127987,
filed in the JPO on May 1, 2006 and the entire contents of the Japanese
patent application is incorporated herein by reference. 30 The present
international application claims priority based on Japanese patent
application N0.2006-272347, filed in the I on October 3, 2006 and the
entire contents of the Japanese patent application is incorporated herein

by refgrange- §5fhédh@ﬁEWWEEHG“@F%@E@E@“Q@‘éﬂ&@dﬁ@ﬁ@batlon

base a i 0 ed in

on N(%\)ém%ge% qegsgd%@ and lﬁ@ﬁn Ire jnt%%t?ﬁ%%éﬁ%e@@%%@e%t
appliddiBhed ’?n&ﬁ‘ﬁé}aféﬁ Hreinthagrtacee. o o6k bpcleidesas
-64- @UAINVGE 1.t bade setion foecdnmokisatiagriti recdardmogicatien or
tsrmipgy teatdisee KPE PE PYre ﬁﬁée%éﬁﬁﬁb@'o@b%Méﬁ Bepd in a

communication sy aeéjaén}wdgsa fre tyo Q}gﬂd Qlipeb%? 89}'1 lock,

communication system Inclu TUF requency erein

each DEfHeAHEGLRA Y HIGKEF T b TP BluAHEA SEESLEE Bideks BRME
10 inateding bae ob ek sulicarderspthelbabe atation d@mprigiadk nbesitsg In
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scheduling information for each frequency block; and

frequency multiplexing control channels

generated for each frequency block within the
frequency band provided to the communication system,

15 and transmitting the control channels using a
multicarrier scheme.

20
7. A communication terminal, for
communicating with a base station using one or more
frequency blocks, that i1s used In a communication
system in which a frequency band provided to the

25 communication system includes a plurality of
frequency blocks wherein each of the frequency
blocks includes a plurality of resource blocks each
including one or more subcarriers, the base station
comprising:

30 means configured to receive a broadcast
channel using a band that is a band including a
center frequency of the frequency band provided to
the communication system and that has a bandwidth
corresponding to at least one frequency block; and

35 means configured to receive a paging channel
for paging the communication terminal using a
frequency block assigned to the communication



15 and frequency blocks to be assigned to the communication terminals;
a frequency scheduler configured to determine, for each frequency block,
scheduling information for assigning one or more resource 20 blocks to a
communication terminal being in a good channel state; means configured
to generate a control channel including tﬁ§7s?:heduling information. for
each frequency block; 25 multiplexing means configured to frequency
multigle¢pg gantrol channels generated for each frequency block within
the frequency band provided to the communication system; and means
configured to transmit an output 30 signal of the multiplexing means using
a multicarrier scheme. 35 2. The base station as claimed in claim 1,
wherein the multiplexing means frequency multiplexes -65- the control
¢hannels generated for each frequency block according to a

predetermined hop%r]g Rat}eerg‘?gt?igﬁenp&ﬁg&at@geags %gjmgd in claim
S tr na
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each of the frequency blocks includes a plurality of
resource blocks each including one or more
subcarriers, the reception method comprising:

15 receiving a broadcast channel using a band
that 1s a band including a center frequency of the
frequency band provided to the communication system
and that has a bandwidth corresponding to at least
one frequency block; and

20 receiving a paging channel for paging the
communication terminal using a frequency block
assigned to the communication terminal.

25

9. A base station of a multicarrier scheme
that performs frequency scheduling in a frequency
band including a plurality of resource blocks each

30 including one or more subcarriers, comprising:

a frequency scheduler configured to
determine scheduling information for assigning one
or more resource blocks to a communication terminal
in a good channel state based on channel state

35 information reported from individual communication
terminals; and

means configured to perform coding and



frequency block. 25 5. The base station as claimed in claim 3, wherein a
paging channel for paging a communication terminal is transmitted using
a frequency block 30 assigned to the communication terminal. 35 6. A
transmission method used in a base station, for communicating with a
communication terminal using one or mo‘r@qr‘equency blocks, in -66-
which a frequency band provided to a communication system includes a

pluralify @i YaURi ey PiEka worreiromR e it TeGURIFY PITESa non-
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block; %br guency.mulfi ing control channels generated for each
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system, 15 and traféhlikhg ke EBSr1RARRn &9 0EiRg W flitkarfetme
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statioprsingHRNeIaFBOEo Aesroancyierke Ithatisswad iyato the
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communication system includes a plurality of frequency blocks wherein
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multicarrier scheme.

15

10. The base station as claimed in claim 9,
wherein the non-specific control channel 1s mapped
20 over the frequency band in a distributed manner, and
the specific control channel relating to a
specific communication terminal i1s mapped limitedly
to a resource block assigned to the specific
communication terminal.
25

11. The base station as claimed in claim 9,
30 wherein a downlink pilot channel is mapped over the
frequency band in a distributed manner.

35
12. The base station as claimed in claim 9,
wherein error correcting coding is performed on the



30 means configured to receive a broadcast channel using a band that is
a band including a center frequency of the frequency band -provided to
the communication system and that has a bandwidth corresponding to at
least one frequency block; and 35 means configured to receive a paging
channeLforpamngtheconnnunmaﬂonté@ﬁﬁalugnga.ﬁequencybkmk
assigned to the communication -6 7- terminal. 5 8. A reception method

used ﬁM@—@?J‘@WﬁF@“@@) FﬂthHP' JRBSREM Uamt'%é"tgﬁeﬁﬁfﬁ C
statlogéﬁtp% Pngr%m%q r}%t::)é ;‘%(S that is used in a

conwnunmaﬂonsymen1m\th ency band provided to the
communication system includes a plurality of frequency blocks wherein
each of the frequency blocks includes a plurality of resource blocks each
igcluding one or more subcarriers, the reception method comprising: 15
receiving a broadcast channel using a band that is a band including a
center frequency of the frequency band provided to the communication  _

system and that ha3-baHiidtRe6rredsthbfiy Bt i prd in claim 9,
frequeh®ridéck; tind 200eesipiag BffayimgpcHanndl fohpagied thencludes
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compoiingn efrevaenoyg schebloler comfigunéd &t determine scheduling
information for assigning one or more resource flocks to a communication
terminal

15

14. The base station as claimed in claim 9,
wherein the specific control channel includes one or
more of information indicating a modulation scheme
20 of a data channel, information indicating a coding
scheme of a data channel, and information for
automatic retransmission request.

25

15. The base station as claimed in claim 9,
wherein transmission power control is performed on
the non-specific control channel, and
30 one or both of transmission power control
and adaptive modulation and coding control are
performed on the specific control channel.

35

16. The base station as claimed in claim



in a good channel state based on channel state 35 information reported

from individual communication terminals; and means configured to

perform coding and -68- modulation for a control channel including a non-
specific control channel to be decoded by a non- specific communication
terminal and a specific control channel t6 B8 decoded by a specific 5
communication terminal to which one or more resource blocks are
aS&gmgd'WW@WévﬁgﬂFﬁﬁ§M?§§QWﬁdﬁéw@? ENH@kﬁrﬂﬂB? the non—
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¢hannel is mapped 20 over the frequency band in a distributed manner,

and the specific control channel relating to a specific communication
terminal is mapped limitedly to a resource block assigned to the specific
communication. terminal. 25 11. The base station as claimed in claim 9,

30 wherein a downlink pilot channel is mapped over the frequency band

in a distributed manper. 3pHe- 148 dast s€i6R 261 M8Y HedaihOclaim
1415198 egp pussing eocing s eerinerton e B3 kRl

contr channel and the sp eC| separa el¥ )
includes |nformat|on of one or both of a modulation

scheme and a coding scheme applied to the specific
control channel.

15

18. The base station as claimed in claim

17, wherein, when the transmission power control and

20 the adaptive modulation and coding control are
performed for the control channel, a total number of
combinations of modulation schemes and coding
schemes for a specific control channel i1s prepared
to be less than a total number of combinations of

25 modulation schemes and coding schemes for a shared
data channel.

30
19. The base station as claimed in claim 9,
wherein the non-specific control channel includes
paging indicator, resource assignment information of
a downlink data channel, information indicating a
35 number of streams transmitted from one or more base
station antennas, and
the specific control channel includes



5 13. The base station as claimed in claim 9, wherein the non-specific
control channel includes one or more of identification information of a 10
communication terminal, assignment information of a resource block, and
information indicating a number of antennas used for communication. 15
14. The base station as claimed in claim 9,71(N"herein the specific control
channel includes one or more of information indicating a modulation
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both efetarasngssiasponeccomtrobd bndrafiapthatmodulation and coding
epntrol are performed on the specific control channel 35 16. The base

station as claimed in claim 70- 15, wherein transmission power control for

the non- specific control channel is performed such that the specific
communication terminal can receive the non- specific control channel with
high quality. 5 17. The base station as claimed in claim 10 15, wherein

the non-specific congip! channeh dadudaseipsmatien efirerichoin oka aim

15
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specific control channel

transmission related information,

data transmission related

anne
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includes uplink data

and the uplink

information includes

transmission verification information for an uplink
data channel, resource assignment information of an

uplink data channel,

transmission power information

of a communication terminal and timing control
information for synchronizing among communication

terminals.

21. The base station as claimed in claim
20, wherein a symbol position of the uplink data
transmission related information
control channel can be uniquely derived based on
broadcast information.

in an downlink

22. The base station as claimed iIn claim
21, wherein the transmission format of the downlink

control channel

is variable.



17, wherein, when the transmission power control and 20 the adaptive
modulation and coding control are performed for the control channel, a
total number of combinations of modulation schemes and coding
schemes for a specific control channel is prepared to be less than a total
numberofcmﬂbMaﬂonsonSrnodwaﬁoﬁggﬁemesandcomngschemes
for a shared data channel. 30 19. The base station as claimed in claim 9,
wherein the non-specific control channel includes paging indicator,
resource assignment information of a downlink data channel, information
indicating a 35 number of streams transmitted from one or more base

station antennas, arfdthe WpechetndidhiRReldsicdaingd in claim
informa&tiormdpeciiing avelyho adeffisgntsHan pestotingrosongbedhofgom the
@Ze sEasien SBEONSH 4 ﬂ@l‘éﬂ‘éﬁi%‘ f%?ﬁgtsfl_ﬂ ?s@l\’wﬂink&ﬁﬁ?a@%*ﬁe%
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contr& A ARENEAUGIYURR HARE FaHSR IS iondeRtdd ThiRakd® hnd
the ugiimtki datt kragsplssimneiated ihforasion declidesciansmission
verification information for an uplink 15 data channel, resource

signment information of an uplink data channel, transmission power
information of a communication terminal and timing control information
for synchronizing among communication terminals. 20 21. The base
station as claimed in claim 25 20, wherein a symbol position of the upiink

data 24 . The base station as claimed in claim
23, wherein a symbol position of resource assignment

15 information of the downlink data channel in the
downlink control channel can be uniquely derived
based on the broadcast information.

20

25. The base station as claimed in claim

15, wherein L3 signaling control information
transmitted to a specific communication terminal

25 from the base station includes information
indicating that a localized FDM scheme or a
distributed FDM scheme i1s used, and information
indicating a transmission format used in persistent
scheduling.

30

26. The base station as claimed in claim
35 15, wherein the non-specific control channel is
channel coded for each piece of control iInformation
for one communication terminal.



transmission related information in an downlink control channel can be
uniquely derived based on broadcast information. 30 22. The base station
as claimed in claim 21, wherein the transmission format of the downlink
35 control channel is variable. -72- 23. The base station as claimed in
claim 15, wherein a broadcast channel traksimitted from the 5 base
station -includes a transmission format of a downlink control channel, a
maximum number of simultaneously assigned users, and information
indicating placement of resource blocks. 10 24. The base station as
claimed in claim 23, wherein a symbol position of resource assignment
15 information of the downlink data channel in the downlink control
channel can be uniquely derived based on the broadcast information. 20

Z. The base statiopas cipfaet isdaigrdbiwhewd &3 aBRatNGi¢PEPAIm
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transmission format used in persistent scheduling. 30 26. The base

station as claimed in claim 35 15, wherein the non-specific control
annel is channel coded for each piece of control information for one

communication terminal. 73- 5 27. The base station as claimed in claim

28. A base station of a multicarrier
scheme that performs frequency scheduling in a
frequency band including a plurality of resource

15 blocks each including one or more subcarriers,
comprising:

a frequency scheduler configured to
determine scheduling information for assigning one
or more resource blocks to a communication terminal

20 i1n a good channel state based on channel state
information reported from individual communication
terminals;

multiplexing means configured to multiplex
a control channel and a data channel according to

25 the scheduling information; and

means configured to transmit an output
signal of the multiplexing means using a
multicarrier scheme,

wherein a control channel to be decoded by

30 a specific communication terminal 1s mapped over the
frequency band including a plurality of resource
blocks in a distributed manner.

35

29_. A base station of a multicarrier



15, wherein downlink transmission power for all of simultaneously
assigned users are kept constant. 10 28. A base station of a multicarrier
scheme that performs frequency scheduling in a frequency band
including a plurality of resource 15 blocks each including one or more
subcarriers, comprising: a frequency schetftiter configured to determine
scheduling information for assigning one or more resource blocks to a
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multlpIeX| means con gure o0 multiplex ontrol channel and a data
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conflgwl@tuﬁam@mt an output signal of the multiplexing means using a
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ﬁ;heq%?r col%g%red to determine scheduling information for assigning

one or more resodrce blocks to a communication terminal in a good
channel state based'dd EARIRX iRge ”i‘r%ﬂlﬁatﬁi?ﬂgwr‘ﬂé’@ﬂoﬁ%ﬁlvl!iﬁdlp lex

comnaurdgcatibnol channel and a data channel according to
scheduling information; and
means configured to transmit an output
15 signal of the multiplexing means using a
multicarrier scheme,
wherein a control channel to be decoded by
a specific communication terminal is mapped
limitedly to a resource block assigned to the
20 specific communication terminal.

25 30. A transmission method used in a base
station of a multicarrier scheme that performs
frequency scheduling, comprising:

determining scheduling information for
assigning one or more resource blocks each including

30 one or more subcarriers to a communication terminal
in a good channel state based on channel state
information reported from individual communication
terminals;

performing coding and modulation for a

35 control channel including a non-specific control
channel to be decoded by a non-specific
communication terminal and a specific control



10 terminals; multiplexing means configured to multiplex a contro

channel and a data channel according to scheduling information; and
means configured to transmit an output 15 signal of the multiplexing
means using a multicarrier scheme, wherein a control channel to be
decoded by a specific communication tefrimial is mapped limitedly to a
resource block assigned to the 20 specific communication terminal. 25 30.
A trangiaifgien nﬁh%U%@da@é@aﬂ@yS@ti@@)@&a Mi?@ﬂmlﬁ@h%@_ﬁ ion
that nerformys Jiecpengyehedyling. spnipriping, detgimining seheduing, o
information for assigning one or more resource blocks each including

one AA$h8REHcarriers to a communication terminal in a good channel
state based on chartriehstate ihfarmbeizm ngpokteel from irslpddualic control
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a non-specific communicat al'and a sgecific control -75- channel

to be decoded by X 6BB&Hd &IrhRAnR a9 NarhitRas whichtd®eor more
resouncd tlopHexed assigmayl; ameurhdliiplexingeire achapecific control

5 channel and the specific control channel according to the scheduling
iqformation; and transmitting a signal that is time multiplexed using a
multicarrier scheme. 10 31. A communication terminal used in a
communication system of a multicarrier scheme that

31. A communication terminal used iIn a
communication system of a multicarrier scheme that

15 performs frequency scheduling, comprising:

means configured to receive a control
channel i1ncluding a non-specific control channel to
be decoded by a non-specific communication terminal
and a specific control channel to be decoded by a

20 specific communication terminal to which one or more

resource blocks are assigned;

means configured to demultiplex the time
multiplexed non-specific control channel and
specific control channel;

25 means configured to decode the non-
specific control channel, and decode the specific
control channel included iIn a resource block
assigned to the own station based on assignment
information of resource block included 1n the non-

30 specific control channel; and

means configured to restore a data channel
transmitted by the resource block assigned to the
own station.

35



15 performs frequency scheduling, comprising: means configured to
receive a control channel including a non-specific control channel to be
decoded by a non-specific communication terminal and a specific control
channel to be decoded by a 20 specific communication terminal to which
one or more resource blocks are assignég;%eans configured to
demutiplex the time multiplexed non-specific control channel and specific

conUoIchanneI253Qeaq5qggﬁ @d@gdm@gﬁgﬁbe@@@dsqqﬂﬁgconUo
channel, anhizeoe e a5l £paguel nclyfleg) n resource
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decoding the non-sSEeHtIdetRbEHhetNEs i 8ecubbtAR Lpx&hc non-
contrelphanfdldincoddcrinl channel and specific control

channel ;
decoding the non-specific control channel,
15 and decode the specific control channel included in
a resource block assigned to the own station based
on assignment information of resource blocks
included in the non-specific control channel; and
means configured to restore a data channel
20 transmitted by the resource block assigned to the
own station.

25

33. A base station of a multicarrier
scheme that performs frequency scheduling in a
frequency band including a plurality of resource
blocks each including one or more subcarriers,

30 comprising:

a frequency scheduler configured to
determine scheduling information for assigning one
or more resource blocks to a communication terminal
in a good channel state based on channel state

35 information reported from individual communication
terminals; and

means configured to perform coding and



a resource block assigned to the own station based on assignment
information of resource blocks included in the non-specific control
channel; and means configured to restore a data channel 20 transmitted
by the resource block assigned to the own station. 25 33. A base station
of a multicarrier scheme that performs fréaaéncy scheduling in a
frequency band including a plurality of resource blocks each including
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mearswhbhiigdred td imenoitipexah® nonapetifio toata chadneladd the

the spgeiflG FaRIrQl Gl agrAFMEIC dee-sGerinad OdRerai¥Hul ing
1za,pd ni%alzgrgl;ﬁ)ggg%lr d t(&lt]rgnsmlt an output signal of the multiplexing
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means using a multicarrier scheme, wherein the non-specific control
channel 15 include8 RO ARA THELLRE LPaldrF8sB GoftRatWf B T
non-spigifie tontfolthannell tiplexing means using a

multicarrier scheme,
wherein the non-specific control channel
15 includes information indicating a transmission
format of the non-specific control channel.

20
34. The base station as claimed in claim
33, wherein the non-specific control channel
includes a modulation scheme and a coding rate of
the non-specific control channel, and a number of
25 simultaneously assigned users.

30 35. The base station as claimed in claim
33, wherein a frequency band to which information
indicating a transmission format of the non-specific
control channel i1s mapped is different between
adjacent cells or between adjacent sectors.

35



20 34. The base station as claimed in claim 33, wherein the non-specific
control channel includes a modulation scheme and a coding rate of the
non-specific control channel, and a number of 25 simultaneously assigned
users. 30 35. The base station as claimed_in claim 33, wherein a
frequency band to which information indR:Ziﬁﬁg a transmission format of
the non-specific control channel is mapped is different between adjacent
cells or between adjacent sectors. 35 78- 36. The base station as claimed

in claim 33, wh f
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30 33, wherein the information indicating the transmission format of the
non-specific control

15 37. The base station as claimed in claim
33, wherein the information indicating the
transmission format of the non-specific control
channel 1s error detection coded separately from
other information of the non-specific control

20 channel, and

the information indicating the
transmission format of the non-specific control
channel i1s channel coded separately from the other
information of the non-specific control channel.

25

38. The base station as claimed in claim
30 33, wherein the information indicating the
transmission format of the non-specific control
channel i1s error detection coded together with other
information of the non-specific control channel, and
the information indicating the
35 transmission format of the non-specific control
channel i1s channel coded together with the other
information of the non-specific control channel.



channel is error detection coded together with other information of the
non-specific control channel, and the information indicating the 35
transmission format of the non-speci_fi_c control channel is channel
coded together with the other information of the non-specific control
channel. -79- 5 39. A transmission method’ @sed in a base station of a
multicarrier scheme that performs frequency scheduling, comprising:
determining scheduling information for assigning one or more resource
blocks each including 10 one or more subcarriers to a communication
terminal in a good channel state based on channel state information
reported from individual communication terminals; and performing coding
and modulation for a 15 control channel including a non-specific control
@an.n.el to be decoded by afparspeeds F@WW@%@Q”L_&@@H”Q'@”& %ase
specifig gonil chpngelig Pg*%:ei??%% py écﬁ?%“'}f'ﬁ%%'é’” tgﬁfﬁﬂ'B?H
which’one or more resolirce bIOcks are assigned; 20 time mbl iplexingthe

non-shEEfE @BRYoISAREHEN AMPtheCPBBKi& T8RS channel according

to the scheduling infberhatiors; randgrasshitting #hegtinke fratipdsdalnsi o
usingASEpiS RIS Spery: 2Rovkerpindha ros-Ipesiik soeERIchfRRlud i ng
sgeludgs nigpmaionndigpiing 7 fapsmission. ol ot RS i na
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includieg-a neaEpecifipgontrol channel to
performing coding and modulation for a

15 control channel including a non-specific control
channel to be decoded by a non-specific
communication terminal and a specific control
channel to be decoded by a communication terminal to
which one or more resource blocks are assigned;

20 time multiplexing the non-specific control
channel and the specific control channel according
to the scheduling information; and

transmitting the time multiplexed signal
using a multicarrier scheme,

25 wherein the non-specific control channel
includes information indicating a transmission
format of the non-specific control channel.

30

40. A communication terminal used iIn a
communication system of a multicarrier scheme that
performs frequency scheduling, comprising:

35 means configured to receive a control
channel i1ncluding a non-specific control channel to
be decoded by a non-specific communication terminal



be decoded by a non-specific communication terminal -80- and a specific
control channel to be decoded by a communication terminal to which one

or more resource blocks are assigned; means configured to demultiplex

the time 5 multiplexed non-specific control channel and specific control
channel; means configured to decode the #8A- specific control channel,

and decode the specific control channel included in a resource block 10
aS&gaﬂ@“h”@ﬁ&ﬂi$i@mbbﬁ¥¥ﬁl1@ﬁﬂﬂﬁ@@“t@ﬁb@a&@&@ﬁ@ﬁoﬁvea
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includes informatiomiaditatigp trdisynissidn tornhe nof btd pdespddific time

@ntrﬁi@Qi'Bqle%@&lnﬁrﬁecﬁpé@fi FRENQDHHIQLIP acRamABNIGREAN.
termlg% %Qeitﬁ used.in.a 28 cammunication system of a multicarrier

scheme that performs frequency schéeduling, comprising: receiving a

control channel incIBGAG 8 foRCHEBHERBn¥E FRAREG0 BRRIce8Aed by

a norsppediffd cormmumicafiorc tenmiral ancduadpdeifiod0 coheolsphaandii c

to be ggpqqesby-aAMEMNiGREPN deEMipal 19 Wiiehare er mPHRk
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includgggeci fic control channel; and
means configured to restore a data channel
transmitted by the resource block assigned to the
15 own station,
wherein the non-specific control channel
includes information indicating transmission format
of the non-specific control channel.

20

41. A reception method used iIn a
communication terminal that is used iIn a
25 communication system of a multicarrier scheme that
performs frequency scheduling, comprising:
receiving a control channel including a
non-specific control channel to be decoded by a non-
specific communication terminal and a specific
30 control channel to be decoded by a communication
terminal to which one or more resource blocks are
assigned;
demultiplexing the time multiplexed non-
specific control channel and specific control
35 channel;
decoding the non-specific control channel,
and decoding the specific control channel included



-81- in a resource block assigned to the own station based on assignment
information of resource blocks included in the non-specific control
channel; and means configured to restore a data channel 5 transmitted
by the resource block assigned to the own station, wherein the
nonspedﬂcconnolchannelindudeshﬁﬁﬁﬁéﬁonindmaﬁngnansnﬂsgon
forma of the non specific control channel. 10 15 20 25 30 35

in a resource block assigned to the own station
based on assignment information of resource blocks
included in the non-specific control channel; and
means configured to restore a data channel
5 transmitted by the resource block assigned to the
own station,
wherein the non-specific control channel
includes information indicating transmission format
of the non-specific control channel.
10
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